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ELECTRO-MAGNETISM. 


lectit>-        1  •  Elkcteo-Macxbtism  is  that  science  which  has  for 
^aetum  its  object  the  investigation  of  the  relation  which  sub- 
-V"^i^  sists  between  Magnetism  and  Electricity.     The  dis- 
covery of  such  a  relation  is  of  very  recent  date»  and 
the  science  itself  can  only  be  considered  as  in  the 
earliest  state  of  infancy. 

§  L  Brief  outline  of  the  history  of  the  science. 

line  of  It  was  for  many  years  suspected  that  there  existed 
^oOorj,  a  strong  analogy^  if  not  a  complete  identity,  between 
the  electric  and  magnetic  fluids,  and  various  attempts 
were  made  to  establish  such  relation  on  satisfactory 
principles.  It  was  known,  for  instance,  that  light- 
ning destroyed  and  reversed  the  polarity  of  magnetised 
needles,  and  that  it  produced  a  magnetic  power  in 
pieces  of  steel  which  had  not  before  any  such  action. 
Now  lightning  and  electricity  have  been  long  known 
to  be  identical  $  consequently,  electricity  ought  to 
produce  similar  effects  to  lightning  on  magnetic  and 
simple  steel  bars  ;  but  the  attempts  which  were  made 
to  discover  a  satisfieictory  proof  of  this  action,  by  means 
of  the  electric  apparatus,  were  not  attended  with 
success ;  at  least  all  that  was  effected  in  this  way 
amounted  only  to  communicating  the  magnetic  pro- 
perty to  steel  bars,  but  without  the  experimenter 
being  able  to  predict  in  what  directions  the  poles  would 
lie,  and  therefore  was  little  more  than  might  be  pro- 
duced by  a  blow,  by  twisting,  and  various  other  means. 
It  was  indeed  stated  that  the  magnetism  was  more 
fully  developed  when  the  shock  was  passed  through 
the  needle  transversely,  than  when  it  passed  length- 
wise i  but  still  no  definite  conclusions  could  be  drawn 
^m  the  experiments. 

Philosophers  having  thus  failed  of  tracing  the  ana- 
logy between  the  electric  and  magnetic  fluids,  by 
means  of  the  electrical  apparatus,  had  next  recourse 
to  the  galvanic  battery,  which  was  known  to  possess 
electrical  properties.  Of  these  experiments,  those  of 
Bitter  are  the  only  ones  of  any  importance.  He 
stated  that  he  had  succeeded,  by  placing  a  louis  d*or 
in  contact  with  the  extremities  of  a  galvanic  circuit, 

VOL.  IV. 


in  giving  to  it  a  positive  and  negative  electric  pole, 
which  remained  after  it  had  been  in  contact  with 
other  metals  i  he  also  magnetised  a  gold  needle  by 
means  of  the  galvanic  battery,  and  seems  to  have  had 
some  obscure  ideas  of  electric  terrestrial  poles  at  right 
angles  to  the  magnetic  poles.  These  experiments, 
however,  were  never  much  regarded,  and  the  relation 
between  the  two  fluids  seemed  still  to  remain  doubt- 
ful. 

Soon  after  the  time  that  Ritter  made  his  experi- 
ments, Professor  Oersted,  of  Copenhagen,  published 
a  work,  (1807)  in  which  the  subject  was  again  re« 
sumed,  and  the  hypothesis  brought  forward,  which 
ultimately  conducted  him  to  a  successful  result. 

After  describing  some  analogies  between  magnetism 
and  electricity,  he  arrives  at  this  conclusion,  viz.  that, 
"  In  galvanism  the  force  is  more  latent  than  in  elec- 
tricity, and  still  more  so  in  magnetism  than  in  gal- 
vanism ;  it  is  necessary  therefore,  to  try  whether 
electricity,  in  its  latent  state,  will  not  affect  the  mag- 
netic needle."  It  is  extraordinary,  after  this  idea  had 
once  been  formed,  that  means  were  not  taken  by  the 
author  to  submit  it  to  the  test  of  experiment,  or  if  he 
did  submit  it,  that  he  had  not  discovered  at  the  time, 
the  relation  he  was  in  search  of ;  yet  such  was  the 
case,  for,  from  this  time  to  1820,  we  hear  no  further 
on  the  subject ;  but,  in  the  course  of  the  latter  year, 
Mr.Oersted*d  attention  ^eems  to  have  been  again  called 
to  the  subject :  he  placed  a  magnetic  needle  within 
the  influence  of  a  wire,  connecting  the  extremities  of 
a  volt«iic  battery ;  and  which  was  now,  for  the  first 
time,  observed  to  deviate  in  different  directions,  and 
in  different  degrees,  according  to  the  relative  situation 
of  the  wire  and  needle.  Subsequent  experiments 
"proved,  that  the  wire,  of  whatever  metal  it  was  com- 
posed, became,  during  the  time  the  battery  was  in 
action,  magnetic,  and  that  it  affected  a  magnetic 
needle  through  glass,  and  every  other  non-conducting 
body  ',  but  that  it  hacl  no  action  whatever  on  a  needle, 
similarly  suspended,  that  was  not  magnetic. 

This  discovery  opened  a  new  field  for  philosophical 


History. 


ELECTRO-MAGNETISM. 


experiments  were 


Electro-    inquiry:  notices  of  Mr.  Oersted's   ...^ 

Magnietism  transmitted  to  Paris,  London,  and  to  the  several  Ger- 
man universities,  and,  immediately,  the  most  distin- 
guished philosopbers  of  Euroj^  were  en^agped  in  the 
p«ir9uk  of  this  novel  and  interesting  science.  In 
France,  the  experiments  were  repeated  and  extended  by 
MM.  Biot,  Arago,  and  Ampere  j  in  Germany,  by  Pro- 
fessors Rive,  Seebeck,  Moll,  and  others,  whose  names 
will  occur  in  the  following  pages  ;  and  in  England, 
by  Sir  Humphry  Davy,  Professor  Cumming,  Mr. 
Faraday,  and  Mr.  Barlow  j  the  three  former  of 
whom  had  for  their  object  to  trace  the  relation  be- 
tween the  two  sciences  of  electricity  and  magnetism, 
and  that  of  the  latter,  to  reduce  the  laws  of  action  to 
the  principles  of  mathematics. 

2.  In  the  first  instance,  it  was  conceived  that  the 
greater  the  power  of  the  battery,  or  the  mackine  by 
which  the  electricity  was  excited,  the  greater  would  be 
the  effects  produced  on  the  magnetised  needle  -,  and^ 
accordingly,  scarcely  any  attempted  experiments,  who 
had  not  at  command  a  powerful  galvanic  apparatus. 
After  some  time,  however,  it  appears  that  great  ten- 
sion of  the  electric  fluid  was  not  only  unnecessary, 
but  injurious  to  the  effect  produced ',  and  that  the  most 
active  power  was  found  to  proceed  from  single  plates 
of  considerable  surface ;  and  even  single  plates  of  very 
small  dhaensiona  were  found  more  cffi<*ient  tbatt 
larger  plates  in  high  combinatioiL  In  fact,  the  ex- 
kibitkm  of  the  ^ctro-magBetic  effect  on  the  mendie, 
was  soon  reduced  to  sttch  a  state,  that  Pro^ssor  Cuaa* 
ming  constructed,  on  this  principle^  a  galvanometer^ 
which  exhibits  the  exislenee  of  electricity,  when  in 
so  low  a  state  as  to  be  iniqipreciable  with  the  gold* 
leaf  electrometer,  and  other  delicate  iattromeBta  pro- 
posed for  this  purpose  ;  and  thus  a  power,  which  had 
reoMined  hidden  for  so  many  years,  add  which,  al^r 
it  had  been  discovered,  was  so  diflicuU  to  exhibit,  ie 
aU  at  once,  as  it  wefe,  become  one  of  the  mosi  delicate: 
tests  of  the  existence,  and  measurer  of  the  qutrntity^ 
of  electricity  in  bodies  under  experiment. 

3.  Up  to  this  period  the  attention  of  philosophers 
had  been  directed  to  the  examination  of  the  amount  of 
the  disturbance  which  the  magnetic  needle  experi"* 
enced  on  the  approach  of  the  galvanic  wire;  to  the* 
means  of  exciting  magnetism  in  steel  bars  3  to  the  re- 
presentation of  magnets  1^  the  galvanic  wire  under 
different  forms  j  to  the  action  of  galvanic  wires  00 
each  other ;  and,  coDsequently  to  the  nature  of  the 
force  by  which  these  effects  were  produced.  Pro- 
fessor (>ersted,  who  had  made  the  discovery,  and  who 
was  wholly  indebted  for  his  success  to  the  precoo^ 
ceived  theory  he  had  entertained  of  the  nature  of 
electric  action,  conceived  the  force  to  proceed  from . 
what  he  denominated  the  conjiict  of  the  eUctriaitics, 
proceeding  from  the  opposite  extremities  of  the  bat- 
tery. M.  Ampere,  on  the  other  hand,  attributed  the 
peculiarities  of  action,  to  the  electric  current  passing 
along  the  wire,  and  assumed,  that  magnets  owed  their 
peculiar  properties  to  currents  of  electricity  perpetu- 
ally circulating  about  their  axis.  Professor  Cumming 
apd  Mr.  Barlow,  without  attempting  to  explain  the 
mechanical  means  by  which  this  mvsterious  power  is 
brought  into  action,  and,  indepenuent  of  each  other, 
deduced  that  all  the  phenomena  which  a  magnetic 
needle  exhibits  in  the  vicinity  of  a  galvanic  wire, 
might  be  explained,,  by  assuming  that  every  particle 
in  the  wire  acts  on  those  in  the  needle  according  to 


a  tangential  direction,  and  that  every  known  feet  Histoi 
might.be  illustrated  by  this  hypothesis.  The  latter  ^^-^^v" 
went  still  further,  he  demonstrated  by  experi- 
ments, whidi  we  shall  detail,  that  if  this  tengen- 
tial  power  was  conceived  to  vary  iffverscljp  as  the 
square  of  the  distance  of  the  particles  in  the  wire  and 
needle  from  each  other,  that  not  only  all  the  facts 
alluded  to  might  be  illustrated,  but  that  they  might 
be  computed,  and  that  the  results  agreed  numerically 
with  experiment. 

4.  Prior  to  this,  however,  Mr.  Faraday,  of  the  Boyal 
Institution,  had  made  a  most  interesting  discovery  ^ 
namely,  that  the  nature  of  the  force  was  such,  that  if 
a  galvanic  wire  be  freely  suspended  over  the  pole  of 
a  magnet,  and  the  fluid  passed  through  the  wire,  the 
latter  will  commence  a  rapid  rotation  about  the 
magnet  j  and,  on  the  contrary,  the  wire  being  fixed, 
and  the  magnet  free,  the  latter  will  revolve  about  the  . 
former.  This  curious  feet  pointed  out  most  distinctly, 
that  the  force,  whatever  it  might  be,  was  totally  differ- 
ent from  any  that  had  yet  come  under  the  contempla- 
tion of  philosophers,  for  no  known  natural  force  was 
competent  to  the  production  of  a  motion  of  rotation. 

The  results  of  these  curious  experiments  having^ 
been  transmitted  by  the  author  to  M.  Ampere,  he,  in 
his  turn,  succeeded  in  causing  the  magnet  to  revolve 
about  fts  own  axis  ;  and  laaCly,  Mt .  Barlow  completed 
tlieaet  of  cotatory  experiments^  by  causing^  the  wire 
also  to  revolve  on  iia  axk. 

'  6.  In  this  state  of  the  scienee,  every  feet  seemed  to 
han/e  been  esthausted ;.  ^e  laws  of  disturbance  and  c^ 
rotation  had  been  reduced  to  mathematieal  laws,  and 
the  effect  pf  every  new  combination  might  not  only 
be  predicted  as  to  ditection,  but  compnted  as  to  quan- 
tity. At  this  time,  however,  soeae  new  fects  were 
discovered  by  Professor  Seebeck,  of  Berlin,  not  in 
respect  to  any  new  laws  of  actie»,  but  to  a  different 
process  for  exciting  the  ekelro-magnetie  power, 
which,  was  by  the  api^lictttion  sf  beat  to  ^e  union  of 
two  dissiaulsr  metids  ]  this  again  opened  a  new  field 
fof  investigation,  and  mudh  that  has  been  elicited 
on  thb  head,  is  due  to  Professor  CnnoMUg,  whose  - 
lalKMurs  have  been  as  unceasing  as  the  resources  of 
his  genius  appear  to  be  inexhaustible.  He  has 
examined,  l^  oaeans  of  the  delicate  instrument  to 
which  we  have  alluded,  the  numerical  ratio,  between 
the  electrical  powers  of  the  different  metals  in  eontaet^ 
and  has  furnished  some  valuable  tables  of  this  descrip- 
tion, to  which  we  shall  have  to  refer  as  we  proeeed* 
This  has  been  distinguished  by  the  term  Thermo* 
Electric-'Magnetism,  the  preceding  being  termed 
Hyro-Electric^Magnetism,  to  disdagnish^^  themeansi 
by  which  the  powers  are  exxnted  in  the  two  cases^ 

6.  Another  discovery  still  remains  Co  be  noticed  ia 
this  novel  and  prolific  branch  of  natural  philosophy  : 
hitherto  it  was  imderstood  that  two  different  metala 
were  necessary  for  exciting  the  electro-magnetk  action 
in  the  conducting  wire^  whether  the  excitation  was 
produced  by  acids  or  by  caloric ;  but  Professor  MoU^ 
of  Utrecht,  has  riiown  by  some  recent  experiments, 
that  this  is  not  the  case,  for  that  one  metal  with  acida 
will  exhibit  all  the  leading  phenomena  to  which  we 
have  above  referred. 

7.  The  above  is  a  very  concise  view  of  the  present  , 
state  of  electro-magnetism  -,  we  shall  now  proceed  to 
examine  more  particularly  the  discoveries  of  the  dif- 
ferent philosophers  to  whom  we  have  refierred,  and  to 
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Bertr©-  |>Duii  out  more  distinctly  the  nature  of  the  experi- 
ments they  have  made,  according;  to  the  order  of 
^  priority  of  date  ;  but  bo  anxiously  and  promptly  were 
the  experiments  of  Mr.  Oersted  repeated,  that  it  is 
sometimes  difficult  to  decide  to  whom  the  original 
idea  of  any  particular  experiment  belongs ;  in  many 
inttunces^  the  same  discovery  seems  to  have  had  birth, 
as  it  were,  at  the  same  instantj  in  the  most  remote 
parts  of  Europe  \  and  the  succession  of  ideas  to  have 
observed  the  same  order  and  concatenation.  In  some 
instances,  the  dates  of  the  experiments  are  recorded  ; 
but  in  others,  they  are  notj  and  we  cannot  therefore, 
in  every  case,  answer  for  the  correctness  of  the  follow- 
ing arrangement :  it  is  presumed,  however,  that  it  will 
not  be  found  very  erroneous. 

§  IL  Detail  of  elettro'jnagneiic  txpeiifiienis,  according 
to  the  order  in  which  they  have  been  made  if  Me  different 
authority 

1.  Etperitthetits  of  Professor  Oersteds 

8.  The  first  experiments,  in  reference  to  date,  as 
well  as  in  the  natural  order  of  developemcnt,  were 
those  of  the  above  distinguished  philosopher  ^  and 
which  he  published  in  the  sevcnil  journals  of  the  con- 
tinent, and  in  Eng;land,  in  nearly  the  following  terms. 

The  galvanic  machine  being  charged,  and  its  poles 
connected  by  a  wire  of  any  metal,  (which  may  be 
called  the  conductor,  or  uniting  wire,)  the  following 
effects  on  a  mainietised  needle  were  produced. 

Let  the  straight  part  of  the  wire  be  placed  horizon- 
lally  above  the  magnetic  needle  properly  suspended, 
and  parallel  to  it ;  the  uniting  wire,  if  necessary, 
iHjiog  bent  BO  ns  to  assume  a  proper  position  for  the 
experiment.  Things  being  in  this  state,  the  needle 
will  be  moved,  and  the  end  of  it  next  the  negative 
side  of  the  battery  will  go  westward,  (see  fig,  1.) 
If  the  dist/ince  of  the  uniting  wire  does  not  exceed 
three  quarters  of  an  iiK-h  from  the  needle,  the  declina- 
tion ot  the  needle  makes  an  angle  of  about  45°,  and  if 
the  distance  be  incre.ised,  the  angle  diminishes  pro- 
^Kirtioually.  The  declimition  likewise  varies  with  the 
power  of  the  baiLery, 

The  uniting  wire  may  change  its  place,  either 
towards  the  ciist  or  west,  provided  it  continues  parallel 
to  the  needle,  without  any  other  change  of  the  effect 
than  in  respect  to  its  quantity  j  consequently  the 
effect  cannot  be  ascribed  to  attraction  ;  for  the  same 
pole  of  the  magnetic  needle  which  approaches  the 
uniting  wire,  while  placed  on  its  east  side,  ought  to 
recede  from  it  when  on  the  west  side,  if  these  declin- 
ations depended  on  attraction  and  repulsion.  The 
uniting  conductor  may  consist  of  several  wires  or 
metallic  ribbons  connected  together,  and  the  nature 
of  the  metal  does  not  alter  the  effect,  but  merely  the 
quantity.  Wires  of  platinum,  gold,  silver,  brass,  iron, 
ribbons  of  lead  and  tin,  a  mass  of  mercury,  were 
emploved  with  equal  success.  The  conductor  does 
not  lose  its  effect  though  interrupted  by  water,  unless 
the  Interruption  anion nts  to  several  inches  in  length. 

The  effect  of  the  uniting  wire  passes  to  the  needle 
through  glass,  metals,  wood,  water,  resin,  stoneware, 
stones,  for  it  is  not  taken  away  by  inteqjosing  plates 
of  glass »  metal,  or  wood  ;  even  gbiss,  metal,  and 
wood,  interposed  at  once,  do  not  destroy,  and  indeed 
scarcely  diminiish  the  effect.  The  disc  of  the  electro- 
phorus,  plutes  of  porphyry,  a  stone-ware  vessel,  even 
filled    with    Water,    were    interposed  with    the   same 


result.  The  author  found,  indeed,  the  effects  un-  Progrta*  of 
changed  when  the  needle  was  included  in  a  bniss  box  IJi*<'^ve'^f  * 
filled  with  water  J  and  this,  it  should  be  observed,  is 
the  first  instance  in  which  electricity  was  known  to 
transmit  its  effects  through  non-conducting  sub- 
stances J  and  from  which  we  may  infer  that  it  is  not 
actually  the  electric  (hiiil  that  is  transmitted,  but 
some  i>ower  that  is  excited  by  its  presence.  If  the 
uniting;  wire  be  placed  in  a  horizontal  plane  under  the 
magnetic  needle,  all  the  effects  are  the  same  as  when 
it  is  above  the  needle,  only  they  are  in  opposite  direc- 
tions J  for  the  pole  of  the  magnetic  needle  next  the 
negative  end  of  the  battery  then  declincB  to  the  easl^ 
(%  2.)  Fi^,  2. 

That  these  facta  may  be  more  easily  retained,  we 
may  use  this  formula,  viz,  the  pole,  above  which  the 
negative  electricity  enters^  is  turned  to  the  «?«/; 
under  which,  to  the  east. 

If  the  uniting  wire  be  so  turned  in  a  horizontal 
plane,  as  to  form  a  gradually  increasing  angle  with 
the  magnetic  meridian,  the  declination  of  the  needle 
increusest  if  the  motion  of  the  wire  be  towards  the 
place  of  the  disturbed  needle  j  but  it  diminishes  if 
the  wire  moves  further  from  that  place.  When  the 
uniting  wire  is  situated  in  the  same  horizontal  plane 
as  that  in  wliich  the  needle  moves,  and  parallel  to  it, 
no  declination  is  produced  either  to  the  east  or  to  the 
west  ;  but  an  inclination  takes  place,  so  that  the  jxile, 
next  which  the  negative  electricity  enters  the  wire,  is 
depressed,  when  the  wire  is  situated  on  the  west  side, 
and  elevated  wlien  situated  on  the  east  side,  (fig.  3.)  Fig,  3. 
If  the  uniting  wire  be  placed  perpendicular  to  the 
plane  of  the  magnetic  meridian,  whether  above  or 
below  it,  the  needle  remains  at  re»t,  unless  it  be  very 
near  the  pole  ;  in  that  case  the  pole  is  elevated  when 
the  entrance  is  from  the  west  side  of  the  wire,  and 
depressed  when  fn>m  the  east  side,  (fig.  4*) — Note.  It  Fig.  4* 
should  be  observed,  that  more  recent  experiments 
have  shown  that,  with  sufficient  power,  the  needle  ia 
inverted  in  this  position  of  the  wire. 

When  the  uniting  wire  is  placed  perficndicularly 
opposite  to  the  pole  of  the  magnetic  needle,  and  the 
upper  extremity  of  the  wire  receives  the  negative 
electricity,  the  pole  b  moved  towards  the  east  j  but 
when  the  wire  is  opposite  to  a  point  between  the  pole 
and  the  middle  of  the  needle,  the  pole  is  moved 
towards  the  west ;  but  when  the  upper  end  of  the 
wire  receives  positive  electricity,  the  phenomena  are 
reversed. 

If  the  uniting  wire  be  bent  so  as  to  form  two  legs 
parallel  to  each  other,  it  repels  or  attracts  the  mag- 
netic poles  according  to  the  different  conditions  of 
the  case.  Suppose,  for  example,  the  wire  pltced 
opposite  to  either  pole  of  the  needle,  «o  that  the  plane 
of  the  pamllel  legs  is  perpend icuh^r  to  the  magnetic 
meridian,  nnd  let  the  eastern  leg  be  united  with  the 
negative  end,  the  western  leg  with  the  jiositive  end 
of  the  battery  ;  in  that  case,  the  nearest  pole  will  be 
rfpp^rti  either  to  the  east  or  we?t»  accojding  to  the 
position  of  the  plane  of  the  leg  ;  hut  the  eastern  leg 
being  united  with  the  positive,  and  the  western  with 
the  negative  side  of  the  battery,  the  nearest  pole  will 
be  atlrarled.  When  the  plane  of  the  legs  is  placed 
perpendicularly  to  the  place  between  the  pole  and  the 
middle  of  the  ncerlle,  the  same  effects  recur,  but 
reverscd- 

A  brass  needle,  sas^iended  Itke  a  magnetic  needk^ 
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Electro-  is  not  moved  by  the  effect  of  the  UQiting  wire. 
Magnetism  Needles  of  glass  and  of  gura  lac,  remain  likewise 
^^■"^V^*^  quiescent. 

Such  were  the  first  discoveries  of  this  interesting 
and  popular  science. 
Sabseqncnt      9.  Mr.  Oersted  did  not,  however,  stop  here  ',  he 
ezperi-        pursued  the  experiments  he  had  so  happily  begun, 
menta  by     ^nj  discovered,  independent  of  what  was  going  for- 
ward in  Paris,  that  the  magnetism  excited  by  electric 
action,  resembled  that  of  the  magnet  itself,  so  far  as 
to  give  direction  to  the  magnetic  meridian ;  or,  in 
other  words,  that  such  a  combination   was,  as  the 
needle  itself,  under  the  direction  and  influence  of  the 
terrestrial  magnetism ;  a  discovery,  however,  in  which 
he  had  been  anticipated  by  Ampere. 

To  Professor  Oersted  we  also  owe  the  important 
discovery,  that  electro- magnetic  effects  do  not  de- 
pend upon  the  intensity  of  the  electricity,  but  solely 
■on  its  quantity.  He  found  that  a  plate  of  zinc,  six 
inches  square,  immersed  into  a  copper  vessel  con* 
taining  the  dilute  acid,  produced  a  considerable  mag- 
netic effect^  but  when  the  plate  had  100  square 
inches  surface,  it  acted  upon  the  needle  with  such 
force,  that  the  effects  upon  it  were  visible  at  the  dis- 
tance of  three  feet^  and  when  forty  such  troughs 
were  employed,  the  effect  was  found  to  be  rather 
diminished  than  increased. 

In  making  these  experiments,  the  difference  in  the 
direction  of  the  currents,  between  a  simple  combina- 
tion of  two  plates,  and  that  of  a  compound  battery, 
presented  itself,  and  is  thus  explained  by  the  author  : 
*'  Let  fig.  .5,  represent  a  galvanic  arc,  composed  of 
one  piece  of  zinc  z,  a  piece  of  copper  c,  a  metallic 
wire  a  b,  and  a  fluid  conductor  /.  The  zinc  always 
communicates  a  portion  of  its  positive  electricity  to 
the  water,  as  the  copper  does  of  its  negative  electricity, 
which  would  produce  an  accumulation  of  negative 
electricity  in  the  upper  part  of  the  zinc,  and  of  positive 
dectricity  in  the  upper  part  of  the  copper,  if  the  com- 
munication by  a  6  did  not  reestablish  the  equilibrium, 
by  presenting  a  free  passage  to  the  negative  electricity 
from  g  to  c,  and  of  the  positive  electricity  from  c  to  ^  ; 
the  wire  a  6,  therefore,  receives  the  negative  elec- 
tricity of  the  zinc,  and  the  positive  electricity  of  the 
copper;  whereas  a  wire  which  forms  a  communication 
between  the  two  poles  of  a  battery,  receives  positive 
electricity  from  the  pole  of  the  zinc,  and  negative 
from  that  of  the  copper. 

If  we  attend  to  this  distinction,  says  Mr.  Oersted, 
we  may,  with  a  single  galvanic  arc,  arranged  as  I  have 
descdbed,  repeat  all  the  e^cperiments  which  I  had 
before  made  with  a  compound  galvanic  apparatU9. 
One  great  advantage  of  this  plan  is,  that  we  may  form 
the  arc  sufficiently  light  to  be  suspended  by  a  small 
metallic  wire,  so  as  to  revolve  round  the  axis  of.  the 
wire  prolonged  ;  and  in  this  way  we  may  examine 
the  action  of  a  magnet  on  the  galvanic  arc. 

For  this  purpose  I  employed  the  arrangement,  in 
fig.  6,  which  is  a  perpendicular  section  of  it  in  the 
direction  of  its  breadth,  c  c  c  c  being  a  trough  of 
copper,  three  inches  high,  four  inches  long,  and  half 
an  inch  wide,  z  z  a  plate  of  zinc,  kept  in  its  place  by 
two  pieces  of  cork  II j  cffffz,  a  brass  wire  about  a 
quarter  of  a  line  in  diameter;  a 6,  a  brass  wire  as 
small  as  possible,  but  capable  of  sustaining  the  appi^- 
ratus  }  cac,  a  linen  thread  for  attaching  the  wire  to 
the   apparatus,  or  trough  which  contains  the  non- 
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condueting  fluid.     The  uniting  wire  of  this  apparatus  Progrew 
will  attract  the  north  pole  of  the  needle  when  it  is  '^i*«>T« 
placed  on  the  left  side  of  the  plane  cffffz,  regarded  ^***v^ 
in  the  direction/ z.    On  the  same  side,  the  south  pole 
will  be  repelled  j  on  the  other  side  of  this  pLme,  the 
north  pole  will  be  rei>elled  and  the  south  pole  attracted. 
In  effecting  this,  we  must  not  place  the  needle  above 
//,  nor  below  /z,  or  f  c.     If,  instead  of  presenting  a 
small  moveable  needle  to  the  uniting  wire,  we  present 
to  one  of  the  extremities  //,  one  of  the  poles  of  a 
strong  magnet,  the  attraction  or  repulsion  (indicated 
by  the  needle)  will  jcuiuse  the  galvanic  apparatus  to 
revolve  round  the  prolonged  axis  of  the  wire  a  b. 

If  we  substitute,  in  place  of  the  conducting  wire,  a 
large  ribbon  of  copper,  of  the  same  breadth  as  the 
plate  of  zinc,  a  feebler  effect  only  is  produced.  The 
effect  is,  on  the  other  hand,  increased  by  making  the 
conductor  very  short. 

Fig.  7,  represents  the  perpendicular  section  of  this  Fig.  7. 
arrangement,  in  the  direction  of  the  breadth  of  the 
trough;  and  fig.  8,  is  a  perspective  view  of  it,  in  which  Fig.  8. 
a  b  c  d  ef  represents  the  conducting  plate,  and  c  z  zf 
the  plate  of  zinc.  Here  the  north  pole  of  the  needle 
will  be  attracted  towards  the  plane  of  a  b  c,  and  the 
south  pole  will  be  repelled  from  the  same  plane ;  e  df 
will  have  contrary  effects.  In  this  apparatus  the 
extremities  act  like  the  poles  of  the  needle,  but  it  is 
only  the  £ELces  of  the  extremities,  and  not  the  inter- 
mediate parts  that  have  this  analogy. 

A  moveable  galvanic  apparatus  may  also  be  made 
of  two  plates,  one  of  copper,  and  one  of  zinc,  twisted 
into  spirals,  and  suspended  in  the  conducting  fluid. 
This  apparatus  is  more  moveable,  but  greater  pre*< 
cautions  are  necessary  to  avoid  deception,  when  ex- 
periments are  made  with  it. 

At  this  time  Professor  Oersted  had  not  been  able  to 
exhibit  the  terrestrial  action  upon  his  electro-magnetic 
arc,  but  he  did  afterwards  succeed,  although  not 
before  he  had  been  anticipated  in  the  discovery  by 
Ampere,  as  above  stated. 

2.  Experiments  by  MM.  Ampere,  Arago,  Biot,  and  other 
philosopliers  of  France, 

10.  We  may  state  generally  the  following  as  the 
discoveries  of  these  three  distinguished  philosophers. 
First,  M.  Arago  discovered  the  magnetic  power  of 
the  conducting  wire  upon  steel  filings,  and  the  pos- 
sibility of  magnetising  steel  bars  by  means  of  the 
electric  current. 

M.  Biot,  by  some  delicate  experiments  made  upon  Blot's  cz- 
a  very  long  and  fine  conducting  vertical  wire,  proved,  pcrimenta 
by  observing  the  oscillations  of  a  needle  in  its  vici- 
nity, that  the  following  laws  were  observable  in  its 
action ;  viz.  "  From  the  point  were  the  particle 
resides,  conceive  a  perpendicular  line  to  be  drawn  to 
the  axis  of  the  wire.  The  force  which  acts  on  this 
particle  is  perpendicular  to  this  line  and  to  the  axis  of 
the  wire,  and  its  intensity  is  in  the  inverse  ratio  of  the 
simple  distance.  The  nature  of  the  action  is  the  same 
as  that  of  a  magnetic  needle,  which  is  placed  tan- 
gentially  to  the  contour  of  the  wire,  so  that  a  particle 
of  austral,  and  a  particle  of  boreal  magnetism  would 
be  drawn  in  opposite  directions,  although  always  in 
the  same  ri^ht  line  determined  by  the  preceding 
construction.  * 

It  will  be  seen  in  a  subsequent  article,  where  we 
have  given  an  account  of  Mr.  Barlow's  experiments 
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OQ   the     mathematical    laws   of    electro -magnet  ism. 
Ilui  the  g^eneral  expression  for  the  action  of  n  verti- 
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Xhftt  is,  the  force  ought  to  diminish  according  to  the 
io verse  law  of  the  simple  distance,  although  the 
action  between  particle  and  particle  varies  inversely 
ad  the  square  of  the  distance. 

11.  The  discoveries  of  M.  Ampere  were'  very  con- 
'«  sidcrable,  both  in  number  and  importance  :  to  this 
philosopher  we  are  indebted  for  the  idea  of  the  spiral 
'wrire  for  magnetising  needles,  and  for  exhibiting 
elect ro-mag-ne tic  effects  in  a  manner  so  as  to  resemble 
those  of  a  common  steel  bar;  he  was  also  the  first 
to  show  the  action  of  the  earth,  or  of  the  terrestrial 
magTietism,  upon  electro-magnetic  combinations  >  and 
particularly  for  the  discovery  of  the  mtvUial  action  of 
t\io  galvanic  wires  on  each  other,  while  in  connection 
^th  the  poles  of  the  battery.  This  discovery  he 
afterwards  made  the  foundation  of  his  theory  of 
electro- magnet  ism  J  on  which  he  tndeavonrs  to  show 
that  magnets  themselves  owe  their  properties  only  to 
the  electric  currents  which  are  perpetually  circulating 
5n  planes  perpendicular  to  their  axes.  The  discoveries 
of  Mr.  Faraday,  respecting  the  rotation  of  the  con- 
dncting  wire  and  magnet  about  each  other^  led  him 
afterwurds  to  modify  his  hypothesis^  and  to  attribute 
"\e  effects  to  currents  made  about  each  particle,  hut 
ill  in  the  same  plane,  and  according  to  the  fiamc 
tanner.  From  these  experiments  of  M.  Ampere,  he 
ws  that  when  two  parallel  currents  of  electricity 
passing  in  the  same  direction,  they  attract  each 
other,  and  when  in  opposite  directions  they  repel. 

In  a    subsequent    part   of   this    treatise   we    shall 
exhibit  these  as  a  part  of  the  general  course  of  electro- 
lagnetic  experiments  j  and  it  is  therefore  unneces- 
ry  to  enter  upon  them  at  length  in  this  place  j  but 
'♦till  a  connected  view  of  whiit  was  effected  in  this 
•cience   in  Paris,  within  the    lirFt  few  months  of  its 
ifccing  known,  will  be  both  interesting  and  instructive, 
d  we  avail  ourselves  in  giving  the  foUowiiig  detail 
om  an  excellent  article  published  in  the  Jnnnh  of 
Philosophij,  which,  although   anonymous,  is  evidently 
fiom   the   pen  of  one  who  has  taken  great  pains  to 
Inform  himself  of  every  jvarticular. 

H.  At  a  meeting  of  the  Royal  Academy  on  Sep- 
tember 18,  18W,  M,  Ampere  tl escribed  an  experi- 
oient,  proving  that  the  voltaic  pile  itself  acted  in  the 
tftOie  manner  as  the  wire,  connecting  its  two  poles, 
and  produced  an  instnmient  which,  at  the  same  time 
that  it  proved  this  action,  was  shown  to  be  of  great 
D%e  in  experiments  on  currents  of  electricity.  This 
was  merely  a  magnetic  needle,  but,  from  the  uses  to 
which  it  was  applied,  was  called  a  gnkanmneter, 
When  placed  near  a  pile,  or  trough,  in  action,  having 
its  poles  connected  either  by  a  wire,  or  by  introducing 
them  into  one  cell,  it  immediately  moved  ;  becomijig 
obedient  to  the  battery  in  the  same  manner  as  to  the 


connecting  wire,  and  the  motions  were  such  as  if  the  Progn?fi4of 
battery  were  simply  a  continuation,   or  part,  of  the  Discovery, 
wire.     In  consequence  of  this  actitm,  the  needle  be- '^^^'>^— ■^' 
comes  an  instrument  competent  to  indicate  that  state 
of  an  active  voltaic  pile,  and  the  wire  connecting  it, 
which   is   supposed   to  be   occasioned   by  currents  of 
electricity,  and  in  which  only,  magnetism  has  yet  been 
discovered. 

On  Sept.  Z'S,  M.  Ampere  announced  the  new  fact  Anipere*i 
of  the  attraction  and  repulsion  of  two  wires  connect-  experi- 
ing  the  poles  of  a  battery  ;  and  showed  that  the  ^^^^^  ^^^' 
magnetic  needle,  which  had  previously  been  used  to 
prove  the  magnetic  attractions  and  repulsions  of  the 
wire,  could  be  replaced  by  another  connecting  wire 
like  the  first*  This  discovery  seemed  to  free  the 
phenomena  of  magnetism  from  any  peculiar  power 
resident  in  the  magnet,  and  to  prove  its  production 
by  electricity  alone.  When  by  Oersted's  discovery  it 
had  been  shown  that  a  wire  connecting  the  poles  of 
a  voltaic  battery  would  act  on  a  magnet,  attracting 
and  repelling  it,  just  as  another  magnet  would  do,  it 
was  fair  to  assume  that  the  wire  possessed  the  powers 
of  the  magnet  it  supplied  ;  and  when  the  second  mag- 
net wa.H  replaced  by  another  connecting  wire,  as  in 
Ampere*s  experiment,  and  the  powers  and  actions  still 
remained  as  before,  it  was  perfectly  correct  to  con- 
aider  these  jiowers  and  actions  as  magnetical ;  so 
that  it  became  evident  ttiat  magnetism  could  be 
exerted  indejjendently  of  magnets,  as  they  are  usually  » 

caUed,  and  of  any  of  the  means  of  excitation  usually 
cmi>lcyed,  but  wholly  by  electricity,  and  in  any  good 
electrically  conducting  medium.  The  phenomena 
with  two  conductors  situated  between  the  poles  of  the 
battery  are  as  follows  :  Wlien  they  are  parallel  to 
each  other,  and  the  same  coils  of  them  are  similarly 
related  to  the  battery ;  i.  e.  w  hen  the  supposed  cur* 
rents,  existing  in  them,  are  in  the  same  direction, 
then  they  attract  each  other  ;  but  if  the  opposite  ends 
be  connected  with  the  battery,  so  that  the  currents 
conceived  to  exist  in  them  arc  in  opposite  directions^ 
they  repel  each  other.  If,  also,  the  one  being  fixed j 
the  other  moveable,  and  the  currents  be  sent,  or 
the  connections  be  made  in  opposite  iiirections,  then 
the  moveable  one  will  turn  round  until  they  are  in 
the  same  direction.  The  contrast  between  these  at- 
tractions and  repulsions,  and  those  usually  called 
electrical,  are  very  striking.  These  take  place  only 
when  the  circuit  is  complete  ;  those  only  when  it 
is  incomplete.  The  attractiuns  take  place  between 
the  similar  enils  of  the  wires,  and  repulsions  between 
the  dissimilar  ends  ;  but  the  electrical  attractions 
take  place  between  dissimilar  ends,  ^nd  the  repulsion 
between  similar  ends.  These  take  place  in  vacuo, 
but  those  do  not.  When  the  magnetic  attraction 
brings  the  two  wires  together,  they  remain  in  con- 
tact] but  when  electrical  attraction  brings  two  bodied 
together,  they  separate  after  I  lie  contact. 

These  experiments  are  varied  in  several  ways  by 
Bl.  Ampere  j  and  the  apf*aratus  with  which  they 
were  made,  appears,  from  the  plates  and  descriptions^ 
published,  to  be  very  delicate,  ingenious,  and  effectuah 
The  general  results  drawn  up  by  M.  Ampere  himself 
from  them  are  j  1st,  that  two  electrical  currents  at- 
tract when  they  move  parallel  to  each  other,  and  in  the 
same  direction  i  and  repel  when  they  move  parallel 
to  each  other  in  a  contrary  direction  j  ^ndly,  that 
when  the  metallic  %vires  traversed  by  these  currents 
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Electro-   can  only  turn  in  parallel  planes,  each  of  the  currents 
Magnetiim  tend  to  direct  the  other  into  a  situation  in  which  it 
^^•'"V^^  shall  be  parallel^  and  in  the  same  direction  ;  and,  3dly, 
that  these  attractions  and  repulf  ions  are  entirely  dif- 
ferent from  the  ordinary  electrical  attractions  and 
repulsions. 
M.  Arago's      13.  On  Sept.  95,   M.  Arago   stated  to  the  Royal 
^^""       Academy  of  Sciences,  that  he  had   ascertained  the 
attraction  of  iron  filings  by  the  connecting  Mdre  of 
the  battery,  exactly   as    by  a    magnet.     This  fact 
proved  not  only  that  the  wire  had  tbe  power  of  acting 
on  bodies  alreaidy  magnetised,  but  that  it  was  itself 
capable  o(  developing  magnetism  in  iron,  that  did 
not  previously  possess  this  power.     When  the  wire  in 
connection  with  the  poles  of  the  battery  was  dipped 
into  a  heap  of  filings,  it  became  covered  with  it,  in- 
creasing its  diameter  to  the  size  of  a  goose  quill  3  the 
instant  the  communication  was  broken  at  either  pole, 
the  filings  dropped  off ',  and  the  instant  it  was  re- 
established, they  were    reattracted.    This  attraction 
took  place  with  wires  of  brass,  silver,  platina,  &c. 
and  was  so  strong  as  to  act  on  the  Elings  when  the 
wire  was  brought  near  them  without  actual  contact. 
It  was  shown  not  to  belong  to  any  permanent  mag- 
netism in  the  wire  or    filings,  by  the  inactivity  ef 
both  when  the  connection  was  not  made  with  the 
battery ;  and  it  was  proved  not  to  be  electrical  at- 
traction, by  the  connecting  wire  having  no  power  over 
filings  of  copper,  or  brass,  or  over  sawdust.     When 
soft  iron  was  used,  the  magnetism  given  was  only 
momentary ;  but  on  repeating  the  experiment  with 
some  modification,  M.  Arago  succeeded  completely  in 
magnetising  a  sewing  needle  permanently. 
M.  Am-  ^4-  Tl^c  theory  which  M.  Ampere  had  formed  to 

pere's  account  for  the  Magnetic  phenomena  of  magnets  by 
^torj,  dectrical  powers  only,  assumed  that  magnets  were 
only  masses  of  natter,  aroxmd  the  axis  of  which 
electrical  currents  w«re  moving  in  closed  curves. 
This  theory  led  him,  when  informed  by  M.  Arago 
of  his  experiments,  to  expect  a  much  greater  efiiect 
if  the  connecting  wire  were  put  into  the  form  of  a 
spiral,  and  the  piece  to  be  magnetised  were  placed  in 
its  axis.  According  to  the  theoiy,  in  a  needle  or  mag- 
net, pointing  to  the  norths  the  currents  were  in  the 
upper  part  from  east  to  west.  In  consequence  of 
these  exceptions,  MM.  Ampere  and  Arago  made  experi- 
ments with  spirals,  or  helices,  and  the  results  are 
mentioned  in  M«  Aimgo's  P&Ppr,  on  the  Commumicatioa 
of  Magnetism  te  Iron  Filings,  published  in  the 
Jnnales  4e  Ckhnie,  xv.  93 ;  so  that  probably  the  ex-> 
periments  date  from  Sept*  i&^  though  there  is  no  date 
to  the  paper. 

On  twisting  a  wire  round  a  rod,  it  may  he  made 
td  |>ass  either  in  one  direction  or  the  other,  giving 
rise  to  two  distinct  but  symmetrical  helices,  which 
have  been  named  by  botanists  dextronum  and  nnif- 
trorsum.  The  dextrorsum,  or,  as  we  may  call  it^ 
the  right  helix,  proceeds  from  the  right  hand  dowa- 
mrards  towards  the  left  above  the  axis ;  the  tendrils 
of  many  plants  exhibit  instances  of  it,  and  it  is  almost 
exclusiv^y  used  in  the  arts;  the  siuistrorsum,  or 
left  helix,  proceeds  from  the  left  hand  downwards 
towards  the  rieht  above  the  axis. 

Having  made  some  of  these  helices,  one  was  con- 
nected by  its  extremities  with  the  poles  of  a  voltaic 
battery,  and  then  a  needle  wrapped  in  paper  placed 
within  it ;  after  remaining  there  a  few  minutes,  it 


was  taken  out,  and  found  to  be  strongly  magnetised ;  Pr 
and  the  effect  of  a  helix  above  that  of  a  straight  con-  ^ 
necting  wire  was  found  to  be  very  great.  ^ 

Then  with  regard  to  the  position  of  the  poles  in 
the  magnetised  needle,  it  was  found  that  whenever  a 
right  helix  was  used,  that  end  of  the  needle  towards 
the  negative  end  of  the  battery  pointed  to  the  north, 
and  that  towards  the  positive  end  towards  the  south ; 
but  that  with  a  left  helix,  that  end  of  the  needle  to« 
wards  the  positive,,  pointed  north  3  and  the  other  end 
south. 

In  order  to  establish  this  point,  the  connecting  wire 
was  sometimes  formed  into  one  helix,  sometimes  into 
two  er  three,  which  was  readily  done  by  twisting  it 
round  a  glass  tube,  or  rod,  first  in  one  direction,  then 
another;  and  when  needles  (previously  enclosed  in 
glass  tubes)  were  placed  in  these  helices,  the  mag- 
netic poles  they  received  were  always  in  accor^mce 
with  Uie  statement  just  given.  In  one  case,  also,  where 
the  connecting  wire  had  been  formed  into  three  con- 
secutive helices,  the  middle  one  beingof  course  different 
to  the  other  two,  a  single  piece  oif  ^teel  wire  suffi- 
ciently long  to  pass  through  all  three  of  them  being 
enclosed  in  a  glass  tube,  was  placed  within  them.  On 
being  again  removed,  and  examined,  it  was  found  to 
have  six  poles ;  first,  a  north  pole,  a  little  further  on 
a  south  pole,  then  another  south  pole,  a  north  pole, 
another  north  pole,  and  at  the  further  end  a  south  pole. 

In  the  same  paper,  M.  Arago  also  states,  that 
when  the  connecting  wire  was  perfectly  ^straight,  a 
needle  placed  beneath  and  parallel  to  it  was  not  «l 
all  magnetised.  He  also  states,  that  it  sometimes 
happened,  though  not  frequently,  that  the  copper 
wire  connecting  the  poles  of  the  battery  retained  its 
magnetism  for  a  few  instants  after  the  connectioa 
had  been  broken  ;  and  also  that  M.  Boisgeraud  had 
observed  the  same  fact  with  a  platina  wire.  These  . 
wires,  it  is  said,  would  sometimes  take  up  iron  filings, 
or  even  a  needle,  when  separated  from  the  battery ; 
but  the  power  soon  disappeared,  and  could  not  be 
reproduced  at  pleasure. 

15.  On  Oct.  9,  M.  Boisgeraud  read  a  paper  to  the  M. 
Royal  Academy  of  Sciences,  containing  the  detail  of  i^" 
numerous  experiments,  most  of  which,  however,  are  ^^ 
variations  of  Oersted*s    first  experiments.     He   re- 
marked that  connecting  wires,  or  arcs,  placed  any 
wliere  in  the  battery,  would  effect  the  needle — a  resvii 
that    follows    as  a  coasequenee    from  Oersted   and 
Ampere's  experiments.     He  notices  the  difference  of 
intensity  in  the  effects  produced  when  electrical  con- 
ductors were   employed  to  complete  the  circuit— a 
difference  which  Oersted  himself  had  pointed  out  in 
the  case  of  water.    M.  Boisgeraud,  however,  pro-* 
poses  to  ascertain  the  conducting  power  of  different 
substances  by  placing  them  in  one  of  the  arcs,  cells, 

or  divisions,  of  the  battery,  and  bringing  the  mag- 
netic needle,  or  Ampere's  galvanometer,  towards  ano- 
ther arc,  viz.  to  the  wire,  or  other  connecting  bodjr 
used  to  complete  the  circuit  in  the  battery.  With 
regard  to  the  positions,  which  M.  Boisgeraud  notices 
of  the  needle  and  wire,  they  are  all  confirmatory  of 
Oersted's  statement. 

16.  On  Oct.  9,  M.  Ampere  read  another  Memoir 
on  the  phenomena  of  the  voltaic  pile,  and  on  the 
•method  he  intended  to  pursue  in  calculating,  the 
action  of  two  rectilineal  electrical  currents.  At  this 
sitting  also,  he  showed  the  mutual  action  of   two 
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rectilineal  electrical  currents ;  i.  c.  of  two  stmight 
portions  of  the  connecting  wires  j  for  it  ap|>ear8 
that  the  phenomena  of  attraction,  repulsion^  8cc. 
were  first  observed  with  spiral  wires.  The^e  ac- 
tionj^  however^  are  exactly  similar;  and  the  view 
already  given  of  them,  as  it  relates  to  straight  wires, 
19  consequently  more  simple  tlmn  the  description  of 
the  effects  with  ??piral  wires  c*in  be;  i,  e.  consider- 
ing it  as  a  matter  of  cxi>eriment  only,  and  not  of 

In  consequence  of  the  view  which  M,  Ampere 
had  taken  of  the  natare  of  ma^etism  as  <lependant 
'  simply  upon  currents  of  electricity,  it  became  an  im- 
portant object  with  him  to  ascertain  the  action  of 
the  earth  upon  such  currents,  excited  by  the  voltaic 
battery ;  for,  from  this  theory,  he  expected  that  it 
would  be  equally  efficient  in  directing  these  currents 
ai  in  directing  those  supposed  to  exist  in  the  magnetic 
needle.  After  some  trials,  he  succeeded  in  over- 
coming the  obstacles  he  found,  in  forming  sufficiently 
delicate  suspension,  contact,  &c.  and  constructed  an 
flpparatus,  in  which  a  part  of  the  wire,  connecting  the 
two  poles  of  a  battery,  was  rendered  so  light,  and 
mobile,  as  to  move  immediately  the  connection  was 
completed  with  the  pole^  and  took  a  direction  which, 
with  regnrd  to  the  eartb,  was  almost  constant,  and 
in  accordance  with  M,  Ampere's  theory.  An  acconnt 
of  these  experiments,  with  the  apparatus  used  in 
ftem,  was  read  to  the  Royal  Academy  on  Oct,  30.  The 
first  consisted  of  a  wire  bent  so  as  to  form  almost  a 
complete  circle,  of  about  sixteen  inches  in  diameter  j 
the  two  extremities  were  made  to  approach,  and  were 
placed  one  just  beneath  the  other  j  and  being  attached 
to  two  steel  points,  were  connected  by  them  with 
two  little  basins  of  plntina  containing  mercury,  fixed 
so  as  to  receive  them  :  one  of  the  points  only  touched 
the  bottom  of  the  cnp  it  was  placed  in  j  so  that  the 
friction  was  scarcely  sensible,  and  the  mercury  se- 
cured a  good  contact.  The  cups  were  connected 
with  other  wires  that  passed  off  to  the  voltaic  bat- 
tery ;  so  that  it  was  easy  to  make  this  moveable  circle 
coonect  either  one  way  or  the  other  between  the 
poles  ;  and  being  enclosed  in  a  glass  case,  any  move- 
ment it  might  receive  was  readily  observable,  without 
danger  of  its  resulting  from  any  other  cause  than  the 
electric  action. 

When  the  extremities  of  this  apparatus  were  con- 
nected with  the  poles  of  a  battery,  the  circle  imme- 
diately moved,  and,  after  some  oscillations,  placed 
itself  in  a  plane  perpendicular  to  the  magnetic  meri- 
dian of  the  earth  ^  and  on  every  repetition  of  the 
experiment,  the  same  effect  took  place.  The  direc- 
tion in  whioh  it  moved  dcpemlcd  upon  the  way  in 
which  the  connection  had  been  made  with  the  bat- 
tery J  and  if  It  be  assumed  that  there  is  a  current 
passing  through  the  wire  from  the  |msitive  to  the 
negative  end,  the  curve  so  arranged  itself,  that  that 
current  always  passed  downwards  on  the  eastern  side, 
and  upwards  on  the  western.  This  circle  moved  round 
a  perpendicular,  and,  therefore,  only  represented  the 
direction  of  the  magnetic  needle  j  in  order  to  repre- 
sent the  dip,  a  wire  was  formed  into  a  parallel o^Tam, 
and  being  fixed  to  a  glass  axis,  was  suspended  by  ^i^e 
points,  and  connected  as  before,  so  as  to  move  numd 
a  horizontal  axis  3  then  this  axis  being  placed  per- 
pendicular to  the  magnetic  meridian,  and  the  wires 
being  connected   with  the    jiolcs  of  a  battery,   the 
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parallelogram  immediately  moved  towards  a  position  Progremoi 
in  the  plane  per[>endicular  to  the  dipping  needle ;  ^i*<:ovcry,* 
when  the  communication  was  broken,  it  returned 
towards  its  first  position  ;  and  when  renewed,  it  re- 
sumed the  second,  evidently  indicating  the  magnetic 
influence  of  the  earth  over  it.  In  conseijuence  of  the 
difficulty  of  placing  the  centre  of  gravity  in  the  centre 
of  suspension,  and  keepine^  it  there,  this  conductor 
did  not  take  its  position  exactly  in  a  plane  perpcndi* 
cular  to  the  dipping  needle,  but  approached  towards 
it,  till  in  equilibrium  betivecn  the  magnetic  and  the 
gravitating  powers  of  the  earth.  These  instniments 
are  more  particularly  described  in  our  general  course 
of  experiments. 

On  Oct,  30,  MM»  Biot  and  Savart  read  a  Memoir 
to  the  Academy  of  Sciences,  the  object  of  which  was 
to  determine  the  law  by  which  a  connecting  wire 
acted  on  magnetised  bodies  ;  the  general  object  of 
which  has  been  already  stated  at  the  beginning  of 
this  section. 

17.  Having  succeeded  in  magnetising  iron  and  steel 
by  the  wire  discharging  the  voltaic  apparatus,  M. 
Arago  was  led  to  expect  the  same  effect  from  common 
electricity ;  and  on  trial  found  the  results  to  be  the 
same.  He  announces  this  fact  verbally  to  the  Royal 
Academy,  on  Nov,  6,  stating  that  be  bad  produced  all 
the  phenomena  in  this  w*ay,  which  he  had  observed  in 
using  voltaic  electricity. 

18.  In  consequence  of  M.  Ampere*s  theory <^  which 
attributed  the  powers  of  magnets  to  electrical  cur- 
rents, and  also  of  the  views  taken  of  the  manner  ia 
which  it  was  supposed  the  currents  of  electricity  in 
the  connecting  wire,  induced  currents  in  the  steel 
bars  placed  near  them,  as  in  M,  Arago's  experiments, 
it  was  earnestly  hoped  and  expected  that  such  an  ar- 
rangement might  be  made  of  magnets,  wnres,  &c*  as 
to  produce  the  decomposition  of  water,  or  some  other 
electrical  effects  j  for,  as  electricity  produced  mag- 
netism, it  w^as  couKidered  that  magnetism  might 
produce  electricity.  Many  arrangements  were  made 
of  magnets  together,  and  of  wires  about  and  round 
magnets  ;  and  at  first  it  was  stated  that  electrical 
effects,  such  as  the  decomposition  of  water,  attrac- 
tions, &c.  had  been  produced  j  but  on  Nov.  t%  M. 
Fresnel,  who  had  been  very  earnest  in  his  endeavours 
to  obtam  tliese  effects,  admitted  to  the  Royal  Academy, 
that  the  appearances  were  not  such  as  to  authorize 
the  conclusion,  that  any  certain  effect  had  been 
obtained. 

19.  At  the  same  sitting,  also  (Nov,  6)   M.  Ampere  Mai^et 
noticed  an  effect  produced  by  the    connecting  wire  imitated  bf 
formed  into  a  helix.     This  may  be  easily  understood  »  fP^'*^^ 
by   considering   that    the  direction  of  the   magnetic  ^^^^' 
power  is  always  perpendicular  to  the  conducting  wire. 

When,  therefore,  the  conducting  wire  is  parallel  to 
the  axis  of  the  helix,  the  po%ver  is  perpendicular  to 
that  axis  j  when  the  wire  forms  a  circle  round  the 
axis,  in  a  plane  perpendic  ular  to  it,  the  power  is  in 
the  direction  of  the  axis;  but  Mhen,  as  in  the  helix, 
it  passes  round  the  axis  in  a  direction  intermediate 
between  parallelism  and  peqicndicularity,  the  direc- 
tion of  the  power  is  of  course  inclined  accordingly. 
In  this  case  the  power  may  be  considered  as 
comi>f>sed  of  two  portions ;  one  perpendicular  to 
the  axis,  the  other  parallel  to  it.  As  M.  Ampere 
considered  magnets  to  be  assemblages  of  currents 
perpendicular  to  their  axis,  he  writhed,  in  his  imitatioQ 
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Ekctro-   of  them,  to  do  away  Tvith  that  effect  due  to  the  ex- 
Magnetism  tension  of  the  wire  in  the  direction  of  the  axis  of  the 
'  helix,  and  succeeded  in  this  attempt  by  making  the 
wire  at  one  end  return  through  the  helix,  so  as  not  to 
touch  it  in  any  part ;  for  in  this  position,  its  magnetic 
effects  being  contrary  to  those  belonging  to  the  length 
of   the   helix,   and  also    near    to   them,  they    neu- 
tralise, or  hide  each  other.     An  imitation  of  a  magnet 
was  now  made  by  forming  a  helix,  and  making  the 
wire  at  the  two  extremities  return  through  the  centre 
of  the  helix  half- way,  and  then  pass  out  upwards  and 
downwards,  so  as  to  form  a  perpendicular  axis  on 
•     which  the  whole  might  move.    The  extremities  of  a 
battery  being  connected  with  these  two  ends  of  the 
wire,  the  helix  became  magnetical>  and  was  attracted 
and  repelled  by  a  magnet,  precisely  as  a  real  magnet 
would  have  been. 
^flaeeUane-     go.  On  Nov.  13,  M.  Lehot  stated  to  the  Academy 
^^^^^' of  Sciences,  that,    notwithstanding  the    results  ob- 
™*  tained  by  M.  Fresnel,  he  was  still  convinced  of  the 

decomposing  power  given  to  iron  wires  by  magnets ; 
and  quotes  experiments  he  had  made  six  years  before, 
by  connecting  iron  wires  to  the  poles  of  a  magnet, 
and  then  immersing  their  ends  in  water.  The  south 
pole  caused  oxidation,  the  north  pole  preserved  its 
wire  bright ;  again  in  tincture  of  litmus,  the  south 
pole  reddened  the  tincture,  the  north  pole  did  not. 
lliere  does  not,  however,  seem  any  reason  to  con- 
sider these  experiments  as  decisive ;  and  M.  Lehot 
himself  does  not  attach  more  importance  to  them 
than  to  those  made  twenty  years  ago  by  Bitter,  and 
on  the  uncertainty  of  which  M.Fresnel  had  sufficiently 
remarked. 

On  Nov.  IS,  also,  M.  Ampere  read  a  note  on  the 
electro-chemical  effects  of  a  spiral  wire,  subjected 
to  the  action  of  the  earth  alone.  The  wire  formed  a 
helix  round  a  paper  cylinder,  the  axis  of  which  was 
placed  parallel  to  the  dip  and  direction  of  the  needle, 
the  extremities  were  'placed  in  a  solution  of  common 
salt.  In  seven  days  gas  appeared  on  both  ends,  but 
most  on  that  answering  to  the  negative  end  of  the 
battery  ;  the  bubbles  were  displaced,  but  fresh  ones 
appeared,  the  end  remaining  bright,  while  the  other 
end  became  oxidized,  and  gave  no  more  gas.  On 
the  whole,  however,  the  experiments  seemed  un- 
certain, especially  after  what  M.  Fresnel  had  said  ; 
and  M.  Ampere  himself  stated,  that  he  still  doubted 
as  to  the  existence  of  the  action. 

3.  Experiments  hy  Sir  H.  Davy, — Ftrst  series. 

8ir  H.  21.  Sir  Humphry  Davy  was  amongst  the  first  phi- 

DftTT'sex-  losophers  who  repeated  Mr.  Oersted's  experiments^ 
KJJ"*'*!'-  and  was  thus  led  to  the  discovery  of  several  curious 
I'lmienes.  ^^^^  ^^^^^  ^£  which,  however,  were,  during  the  same 
time,  ^len  upon  by  others.  These  results  were  com- 
municated to  the  Royal  Society,  through  a  letter 
addressed  to  Dr.  AVollaston,  dated  November  16, 
1820 ;  but  the  experiments  detailed  in  it  were  prin- 
cipally made  in  the  preceding  month.  The  following 
18  very  little  more  than  a  bare  enumeration  of  the 
facts  which  it  contains,  namely  :  / 

.  That  the  wire  in  connection  affected  the  needle  as 
Mr.  Oersted  described ;  the  effect  was  immediately 
attributed  to  the  wire  itself  becoming  a  magnet  3  and 
this  was  instantly  proved  by  bringing  it  near  iron 
filings,  which  were  attracted,  and  remained  attached 
Co  ii  as  long  as  the  communication  continued.    This 


is,  in  fact,  the  same  experiment  as  that  made  by  M.  Frogi 
Arago,  but  it  was  made  by  the  two  philosophers,  ^^"^ 
independent  of  each  other ;  and  as  no  detail  of  M,  "^"^^ 
Arago*s  experiments  has,  as  yet,  been  published,  the 
accurate  description  of  Sir  H.  Davy's  will  be  foupd 
highly  interesting.  This  effect  took  place  in  any  part 
of  the  vnre,  and  any  where  in  the  battery.  Steel 
needles  placed  on  the  connecting  wire  became  mag^ 
netic  i  those  parallel  to  the  wire  acted  like  the  wire 
itself ;  those  across  it  had,  each,  two  poles  ;  such  aa 
were  placed  under  the  wire,  the  positive  end  of  the 
battery  being  east,  had  north  poles  on  the  south  of 
the  wire,  and  south  poles  to  the  north  3  those  needles 
above  were  in  the  opposite  direction ;  and  this  was  con- 
stantly the  case,  whatever  the  inclination  of  the  needle 
to  the  wire  might  be.  This  position,  it  will  be  observed, - 
is  precisely  that  which  has  been  referred  to  in  the. 
account  of  Mr.  Oersted's  experiments.  On  breaking 
the  connection,  the  steel  needles  across  retained  their 
magnetism,  while  those  parallel  to  the  wire  lost  it  at! 
the  moment.  Wires  of  platina,  silver,  &c.  in  the  same 
situation,  were  not  rendered  magnetic,  except  when,, 
by  accident,  they  formed  part  of  the  circuit.  What-! 
ever  the  position  of  the  battery,  or  wire,  the  effect  was 
the  same.  Contact  was  found  not  necessary  ;  instan-. 
taneous  effect  was  produced  by  mere  juxtaposition, 
though  thick  glass  intervened ;  filings  arranged  them- 
selves in  right  lines  across  the  wire  on  a  glass  plate, 
held  over  it  at  a  quarter  of  an  inch  distance.  The. 
effect  was  proportional  to  the  quantity  of  electricity 
passing  through  a  given  space,  without  any  relation, 
to  the  metal  transmitting  it.  Increasing  the  size  of 
the  plates,  proportionally  increased  the  magnetic 
effects  of  the  connecting  wires.  The  wire  connecting 
a  battery  of  sixty  pair  of  plates,  did  not  take  up  half 
so  many  filings  as  when  the  battery  was  arranged  so 
as  to  form  thirty  pair  of  plates  twice  the  size.  The 
nmgnetic  power  of  the  wires  rose  with  its  heat. 

Considering  that  a  great  quantity  of  electricity  was 
necessary  t6  produce  sensible  magnetism.  Sir  H. 
Davy  concluded,  that  a  current  from  the  common 
machine  would  have  no  effect,  whilst  a  discharge, 
would ;  and  this  was  found  to  be  true ;  the  poles  of 
the  needle  magnetised,  being  situated  exactly  aa 
before.  In  these  experiments  a  battery  of  seventeen 
square  feet,  highly  charged,  being  discharged  through 
a  silver  wire,  one-twentieth  of  an  inch  in  diameter, 
rendered  bars  of  steel  of  two  inches  long,  from  one- 
tenth  to  one-twentieth  thick,  so  magnetic,  as  to  lift 
up  pieces  of  steel  wire,  and  needles  ;  and  the  effect 
was  communicated  to  needles,  at  a  distance  of  five 
inches  from  the  wire,  even  when  water,  or  thick  plates 
of  glass,  or  metal  intervened. 

By  these  kinds  of  experiments  it  was  found,  that  a 
tube  of  sulphuric  acid,  one-fourth  of  an  inch  in  dia- 
meter, did  not  conduct  electricity  enough  to  render 
steel  magnetic  3  that  an  explosion  through  air,  made 
the  needle,  placed  transversely  to  it,  magnetic  3  though 
not  so  strongly  as  a  wire  would  have  done  3  that  steel 
bars  in  the  circuit,  or  parallel  to  it,  did  not  become 
magnets  3  that  two  bars  placed  together  across  the 
wire,  passing  through  the  common  centre  of  gravity, 
showed  no  magnetism  after  the  discharge,  before  they 
were  separated,  but  exhibited  poles  on  separation. 

One  conclusion  drawn  by  the  author  from  these 
experiments  is,  that  magnetism  is  produced  whenever 
concentrated  electricity  is  passed  through  space. 
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On  ikrrafig:ing  numerous  wires  in  circles,  and  in  otber 
directions  around  and  about  the  discharging  wire,  it 
was  found  after  the  discharge,  tiiat  aE  were  magnetic, 
and  the  poles  exactly  as  before  expressed  ;  so  that  the 
north  pole  of  one  needle  was  towards  the  south  pole 
0f  the  next,  and  in  a  constAut  relation  to  the  course 
of  the  discharge. 

The  connecting  wire  being  divided  in  one  part  into 
three,  four,  or  more,  by  small  wires,  and  a  voltaic 
battery  diacharged  through  them,  they  were  all  found 
magnetic  at  once,  and  took  up  different  cylinders  of 
filings  f  when  the  opposite  side  of  two  of  these  were 
brought  together,  the  filings  attracted  each  other. 
From  this,  it  was  expected,  that  when  the  similar 
aides  were  brought  together,  the  filings  on  them  would 
rei^el  each  other.  This  was  tried  by  two  batteries 
arrBDged  parallel,  but  in  opposite  directions.  The 
filings  on  these  connecting  wires  repelled  each  other  j 
and  connecting  wires  of  platinum,  mid  llna  steel  wire 
without  filings,  exhibited  similar  phenomena  of  attrac- 
tion imd  re  pills  ion-  These  experiments,  it  will  be 
perceived,  arc  similar  to  those  made  by  M.  Ampere, 
on  the  attraction  and  repulsion  of  two  connecting 
wires,  or,  as  he  calls  them,  two  electrical  currents, 
and  prove  the  same  thing.  On  placing  straight  pieces 
of  platinum,  silver,  and  copper  wire,  on  two  knife- 
edges  of  platinum  connected  with  the  opposite  poles 
of  a  battery,  they  were  found  to  be  attracted  and 
fepelled  in  directions  according  to  %vhat  has  been  said* 
Oolft  leaf  made  in  the  same  way  to  form  the  connec- 
tkmj  was  found  to  be  moved  by  a  magnet* 

4,  ExperimenU  by  Sir  H  Davtf. — Second  ieriei, 

M.  At  the  conclusion  of  the  paper,  of  which  the 
above  is  an  abridgement.  Sir  H.  Davy  mentions  some 
other  experiments  he   had  in  view,  and  which   he 
afterwards  performed  and  made  the  subject  of  another 
memoir.     It  would  be  useless  to  attempt  any  con* 
densation  of  these  results  into  less  space  than  they 
ikccupy  J  we  believe,  therefore,  that  we  can  only  do 
tice  to  the  author,  by  giving  the  particulars  as  they 
stated  in  the  article  itself,  which  is  as  follows : 
**  In  ray  letter  to  Bn  Wollaston,  on  the  new  facts 
iscovcred  by  Mr. Oersted,  which  the  Society  has  done 
le  the  honour  to  publish,  I  mentioned  that  I  was  not 
ie  to  render  a  bar  of  steel  magnetic,  by  transmitting 
'the   electrical  discharge   across    it,    throni,4i    a   tube 
'filled  with  sulphuric  acid  j  and  I  likewise  meniitHied. 
that  the  electrical  discharge   passed  across  a  piece  of 
iteel  through  air,  rendered  it  less  magnetic  than  when 
d  through  a  metallic  wire;  and  I  attribute  tlie 
circumstance  to  the  sulphuric  acid  being  too  bad 
a  conductor  to  transmit  a  suHicient  quantity  of  elec- 
tricity for  the  effect ;  and  the  second,  to  the  electricity 
passing  through  air  in  a  more  diffused  state  than 
through  metals. 

To  gnin  some  distinct  knowledge  on  the  rcltUion 
of  the  different  conductors  to  the  magnetism  produced 
by  electricity,  I  instituted  a  series  of  experiments, 
which  led  to  very  decisive  results,  and  confirmed  my 
first  views, 
«^  23*  *•  I  found  that  the  magnetic  phenomena  w^ere 
precisely  the  same,  whether  the  electricity  was  smnll 
in  quantity,  f*nd  passing  through  good  conductors  of 
eonstderable  magnitude ;  or,  whether  the  conductors 
so  imperfect  as  to  convey  only  a  small  quantity 
electricity;  and  in  both  cases  Ihey  were  neither 
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attractive  of  each  other,  nor  of  iron  filings,  and  not 
affected  by  the  magnet  j  and  the  only  proof  of  their 
being  magnetic,  was  their  occasioning  a  certain  small 
deviation  of  the  magnetised  needle. 

'*  Thus  a  large  piece  of  chiycoal  placed  in  the  circuit 
of  a  very  powerful  battery,  being  a  very  bad  con- 
ductor compared  with  the  metals,  would  not  affect 
the  compass  needle  at  all,  unless  it  had  a  very  large 
contact  with  the  met;diic  part  of  the  circuit ;  and  if  a 
small  mre  was  made  to  touch  it  in  the  circuit,  only  in 
a  few  points,  that  wire  did  not  gain  the  power  of 
attracting  iron  filings  ;  though  when  it  was  made  to 
t^mch  a  surface  of  platinum  foil  coiled  round  the  end 
of  the  charcoal,  a  slight  effect  of  this  kind  was  pro- 
duced. And  in  a  similar  manner  fused  hydrate  of 
potassa,  one  of  the  best  of  the  imperfect  conductors, 
could  never  be  made  to  exert  any  attractive  force  on 
iron  filings,  nor  could  the  smallest  filaments  of  cotton 
moistened  by  solution  of  hydrate  of  potassa  placed  in 
the  circuit,  be  made  to  move  by  the  magnet;  nor  did 
steel  needles,  floating  on  cork  on  an  electrised  solution 
of  this  kind,  placed  in  the  voltaic  circuit,  gain  any 
polarity;  and  the  only  proof  of  the  magnelic  powers 
of  electricity  passing  through  such  a  fluid,  was  afforded 
by  its  effect  upon  the  magnetised  needle,  when  the 
metallic  surfaces,  plunged  in  the  fluid,  were  of  con- 
siderable extent;  that  the  mobility  of  the  jjarts  of 
fluids  did  not  interfere  with  their  mag ne tic  powers, 
as  developed  by  electricity,  was  proved  by  electrifying 
mercury  and  Newton^s  metal  fused  in  small  tubes* 
These  tubes,  placed  in  a  proper  voltaic  circuit,  attracted 
iron  filings,  and  gave  magnetic  powers  to  needles  j  nor 
did  any  agitation  of  the  mercury  or  metal  within, 
cither  in  consequence  of  mechanical  motion  or  heat, 
alter  or  suspend  their  polarity. 

^4.  "  Imjjerfect  conducting  fluids  do  not  give  pola- 
rity to  steel  when  electricity  is  passed  through  them  j 
but  electricity  passed  through  air  produces  this  effect. 
Heasoning  on  this  phenomenon,  and  on  the  extreme 
mobility  of  the  partiiclcs  of  air,  I  concluded,  as  M, 
Arago  had  likewise  done  from  other  considerations, 
that  the  voltaic  current  in  air  would  be  affected  by  the 
magnet.  I  failed  in  my  first  trial,  which  I  have 
referred  to  in  a  note  to  my  former  paper,  and  in  other 
trials  made  since,  by  using  too  weak  a  magnet ;  but  I 
have  btely  had  complete  success,  and  tlie  experiment 
exhibits  a  very  striking  phenomenon, 

*'  Mr.  Pe]>ys  having  had  the  goodness  to  charge 
the  great  battery  of  the  London  Institution,  consist- 
ing of  ^CXX)  double  plates  of  zinc  and  copper,  with  a 
mixture  of  IIGS  parts  of  water,  108  parts  of  nitrous 
acid,  and  twenty-five  parts  of  sulphuric  acid  j  the 
poles  were  connected  by  charcoal,  so  as  to  make  an 
arc,  or  column  of  electrical  light,  varying  in  length 
from  one  to  four  inches,  according  to  the  state  of 
rarefaction  of  the  atmosphere  in  which  it  was  pro- 
duced J  and  a  powerful  magnet  being  presented  to 
this  arc  or  column,  having  its  pole  at  a  very  acute 
angle  to  it,  the  arc  or  column  was  attracted  or  re- 
pelled with  a  rotatory  motion,  or  made  to  revolve,  by 
placing  the  pole  in  different  positions,  according  to 
the  same  law  as  the  electrified  cylinder  of  platinum 
described  in  my  last  paper,  being  repelled  when  the 
negative  pole  was  on  the  right  hand  by  the  norih  pole 
of  the  magnet,  and  attracted  by  the  south  pole,  and 
rice  versit, 

**  It  was  proved  by  several  experiments,  that  the 
c 
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Electro-    motion  depended  entirely  upon  the  magnetism,  and 
Magnetism  j,ot  upon  the  electrical  inductive  power  of  the  magnet, 

*  for  masses  of  soft  iron,  or  of  other  metals,  produced 
no  effect. 

*'  The  electrical  arc  or  column  of  flame  was  more 
easily  affected  by  the  magnet,  and  its  motion  was 
more  rapid  when  it  passed  through  dense  than  through 
rarefied  air  3  and  in  this  case,  the  conducting  medium, 
or  chain  of  aeriform  particles,  was  much  shorter.  I 
tried  to  gain  similar  results  with  currents  of  common 
electricity  sent  through  flame,  and  in  vacuo  ;  they 
were  always  affected  by  the  magnet ;  but  it  was  not 
possible  to  obtain  so  decided  a  result  as  with  voltaic 
electricity,  because  the  magnet  itself  became  electrical 
by  induction,  and  that  whether  it  was  insulated,  or 
connected  with  the  ground. 

25.  "  Metals,  it  is  well  known,  readily  transmit 
large  quantities  of  electricity  ;  and  the  obvious  limit 
to  the  quantity  which  they  are  capable  of  transmitting, 
seems  to  be  their  fusibility  or  volatization,  by  the 
heat  which  electricity  produces  in  its  passage  through 
bodies. 

"  Now  I  had  found  in  several  experiments,  that  the 
intensity  of  this  heat  was  connected  with  the  nature 
of  the  medium  by  which  the  body  was  surrounded  ; 
thus  a  wire  of  platinum,  which  was  readily  fused  by 
transmitting  the  charge  from  a  voltaic  battery  in  the 
exhausted  receiver  of  an  air-pump,  acquired  in  air  a 
much  lower  degree  of  temperature. 

*'  Reasoning  on  this  circumstance,  it  occurred  to  me^ 
that,  by  placing. wires  in  a  medium  much  denser  than 
air,  such  as  ether,  alcohol,  oils,  or  water,  I  might 
enable  them  to  transmit  a  much  higher  charge  of 
electricity  than  they  could  convey  without  being 
destroyed  in  air ;  and  thus  not  only  gain  some  new 
results  as  to  the  magnetic  states  of  such  wire,  but 
likewise  perhaps  determine  the  actual  limits  to  the 
powers  of  different  bodies  to  conduct  electricity,  and 
the  relations  of  these  powers. 

''  A  wire  of  platinum  of  Thr  diameter  and  three 
inches  in  length,  was  fused  in  air,  by  being  made  to 
transmit  the  electricity  of  two  batteries  of  ten  zinc 
plates  of  four  inches,  with  double  copper,  strongly 
charged  :  a  similar  wire  was  placed  in  sulphuric  ether, 
and  the  charge  transmitted  through  it.  It  became 
surrounded  by  globules  of  gas,  but  no  other  change 
took  place  j  and  in  this  situation  it  bore  the  discharge 
from  twelve  batteries  of  the  same  kind,  exhibiting  the 
same  phenomena.  When  only  about  an  inch  of  it 
was  heated  by  this  high  power  in  ether,  it  made  the 
ether  boil,  and  became  white  hot  under  the  globules 
of  vapour,  and  then  rapidly  decomposed  the  ether, 
but  it  did  not  fuse.  When  oil  or  water  was  substi- 
tuted for  the  ether,  the  length  of  the  wire  remaining 
the  same,  it  was  partially  covered  with  small  globules 
of  gas,  but  did  not  become  red-hot. 

"  On  trying  the  magnetic  powers  of  this  wire  in 
water,  they  were  found  to  be  very  great,  and  the 
quantity  of  iron  filings  that  it  attracted,  was  such  as 
to  form  a  cylinder  round  it,  of  nearly  the  tenth  of  an 

•  inch  in  diameter.  To  ascertain  whether  short  lengths 
of  fine  wire,  prevented  from  fusing  by  being  kept 
cool,  transmitted  the  whole  electricity  of  powerM 
voltaic  batteries,  I  made  a  second  independent  circuit 
from  the  ends  of  the  battery  with  silver  wires  in  water; 
so  that  the  chemical  decomposition  of  the  water  indi- 
cated a  residuum  of  electricity  in  the  battery,  oper- 


ating in  this  way,  I  found  that  an  inch  of  wire  of  pi  a-  Progrc 
tinum  of  -rhr  diameter,  kept  cool  by  water,  left  a  l^iscov 
great  residual  charge  of  electricity  in  a  combination  ^^^'-y 
of  twelve  batteries,  of  the  same  kind  as  those  above 
mentioned,  and  after  making  several  trials,  I  found 
that  it  was  barely  adequate  to  discharge  six  batteries. 

2G.  "  Having  determined  that  there  was  a  litnit  to  ^»  ^^'^ 
the  quantity  01  electricity  which  wires  were  capable  ^?^^^^ , 
of  transmitting,  it  became  easy  to  institute  experimenis  po^^er* 
on  the  different  conducting  powers  of  different  metal-  differci 
lie  substances,  and  on  the  relation  of  this  power  to  metals. 
the  temperature,  mass,  surface,  or  length,  of  the  con- 
ducting body,  and  to  the  conditions  of  electro-mag- 
netic action. 

"  These  experiments  were  made  as  nearly  as  possi- 
ble under  the  same  circumstances,  the  same  connecting 
copper  wire  being  used  in  all  cases,  their  diameter 
being  more  than  one-tenth  of  an  inch,  and  the  con- 
tact being  always  preserved  perfect,  and  parts  of  the 
same  solution  of  acid  and  water  were  employed  in 
the  different  batteries,  and  the  same  silver  wire  and 
broken  circuit  with  water  were  employed  in  different 
trials  5  and  when  no  globules  of  gas  were  observed 
upon  the  negative  silver  wire  of  the  second  circuit,  it 
was  concluded  that  the  metallic  conducting  chain,  or 
the  primary  circuit,  was  adequate  to  the  discharge  of 
the  combination.  To  describe  more  minutely  all  the 
precaution  observied,  would  be  tedious  to  those  per- 
sons who  are  accustomed  to  experiments  with  the 
Toltaic  apparatus,  and  unintelligible  to  others  ;  and, 
after  all,  in  researches  of  this  nature,  it  is  impossible 
to  gain  more  than  approximations  to  true  results  ;  for 
the  gas  disengaged  upon  the  plates,  the  different  dis- 
tances of  the  Connecting  plates,  and  the  slight  differ-. 
ence  of  time  in  making  Uie  connections,  all  interfere 
with  their  perfect  accuracy. 

"  The  most  remarkable  general  result  that  I  ob- 
tained by  these  researches,  and  which  I  shall  men- 
tion first,  as  it  influences  all  the  others  was,  that  the 
conducting  power  of  metallic  bodies  varied  with  the  tem^ 
perature,  and  was  lower  in  some  inverse  ratio  €ls  the  tem- 
perature was  higher. 

"  Thus  a  wire  of  platinum  of -rK,  and  three  inches 
in  length,  when  kept  cool  by  oil,  discharged  the 
electricity  of  two  batteries,  or  of  double  plates  ',  but 
when  suffered  to  be  heated  by  exposure  in  the  air,  it 
barely  discharged  one  battery. 

"  Whether  the  heat  was  occasioned  by  electricity, 
or  applied  to  it  by  some  other  source,  the  effect  was 
the  same.  Thus  a  wire  of  platinum,  of  such  length 
and  diameter  as  to  discharge  a  combination  without 
being  considerably  heated,  when  the  flame  of  a  spirit 
lamp  was  applied  to  it  so  as  to  make  a  part  of  it  red- 
hot,  lost  its  power  of  discharging  the  whole  electricity 
of  the  battery,  as  was  shown  by  the  disengagement 
of  abundance  of  gas  in  the  secondary  circuit ;  which 
disengagement  ceased  as  soon  as  the  source  of  heat 
was  withdrawn. 

"  There  are  several  modes  of  exhibiting  this  fact, 
^o  as  to  produce  effects,  which,  till  they  are  witnessed, 
must  almost  appear  impossible.  Thus,  let  a  fine  wire 
of  platinum,  of  four  or  five  inches  in  length,  be 
placed  in  a  voltaic  circuit,  so  that  the  electricity 
passing  through  it,  may  heat  the  whole  of  it  to  red- 
ness ;  and  let  the  flame  of  a  spirit  lamp  be  applied  to 
any  part  of  it,  so  as  to  heat  that  part  to  whiteness,  the 
rest  of  the  wire  will  instantly  become  cooled  below 
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tbe  point  of  vkible  ignition*  For  the  converse  of  the 
experimeiitr  let  a  piece  of  ice,  or  a  stream  of  cold  air, 
be  af»plied  to  a  part  of  the  wire,  the  other  part  will 
11  cly  become  much  hotter,  and  from  a.  red, 

\  to  a  white  heat.     The  quantity  of  electricity 

I  hilt  can  pass  through  that  part  of  the  wire  submitted 
ta  the  changes  of  temperature,  is  so  much  sniallcr 
it  is  hot  than  when  it  13  cold,  that  the  absolyte 
iperature  of  the  whole  wire  is  diminished  by  heat- 
ing A  part  of  it. 

'*  In  comparing  the  conducting  powers  of  different 
8,  I  found  much  greater  differences  than  I  had 
ttKl.     Thus,  six  inches  of  silver  wire  of  7-^^*  dis- 

larged  the  whole  of  the  electricity  of  sixty-five  pair 
plates  of  zinc  and  double  capper,  made  active  by  a 

tlxtore  of  about  one  part  of  nitric  acid  of  comujercCj 

id  fifteen  parts  of  water*  Six  inches  of  copper  wire 
the  same  diameter,  discharged  the  electricity  of 
fty-six  pair  of  the  same  combiuation  ^  six  inches  of  tin 

~  the  same  diameter,  carried  off  that  of  twelve  only  ; 

le  same  quantity  of  wire  of  platinum,  that  of  eleven  f 

»d  of  iron,  that  of  nine.  Six  inches  ot  wire  of  lead 
of  Thvf  seemed  equal  in  their  conducting  powers 
to  the  same  length  of  copper  wire  of  xW*  All  the 
were  kept  as  cool  as  possible,  by  immersion  in  a 
in  of  water.  I  made  a  number  of  experiments  of 
the  same  kind,  but  the  results  were  never  precisely 
alike,  though  they  sometimes  approached  very  near 
;li  other*  When  the  batteries  were  highly  charged^ 
that  the  intensity  of  the  electricity  was  higher,  the 

ferences  were  less  between  the  best  and  worst  con- 
tactors, and  they  were  greater  when  the  charge  was 
extremely  feeble.  Thus,  with  a  fresh  charge  of  about 
onit  part  of  nitric  acid^  and  nine  piirts  of  water,  wires 
of  tW  *>f  silver,  and  platinum  five  inches  long,  dis- 
cbargedj  respectively^  the  electricity  of  thirty-seven 
flooUe  plates. 

*'  Finding,  that  when  different  portions  of  the  same 
wire  plunged  in  a  non-conducting  fluid  were  connected 
with  different  parts  of  the  same  battery  equally 
charged,  their  conducting  powers  appeared  in  the 
inverse  ratio  of  their  lengths  :  so  when  six  inches  of 
wire  of  platinum  of  -j^  discharged  the  electricity  of 
ten  double  plates,  three  inches  discharged  that  of  twenty, 
one  inch  and  a  half  that  of  forty,  and  one  inch  that  of 

ly;  it  occurred  to  me,  that  the  conducting  powers 
6f  the  different  metals  might  be  more  easily  compared  in 
thi«  way,  as  it  would  be  possible  to  make  the  contacts 
in  less  time  than  when  the  batteries  were  changed, 
and,  consequently,  with  less  variation  in  the  charge. 

•*  0(>erating  in  this  way,  I  ascertained,  that  in  dis* 
charging  the  electricity  of  sixty  pair  of  plates,  one 
.inch  of  platinum  was  equal  to  about  six  inches  of 
:«lver,  ta  five  inches  and  a  half  of  copper,  to  four  of 
)^ld,  to  3  8  of  lead,  to  about  A  of  palladium,  and  -,V 
•f  iron,  all  the  metals  being  in  a  cooling  fluid  medium, 

"  I  found,  as  might  have  been  expected,  that  the 
conducting  power  of  a  wire  for  electricity,  in  batteries 
of  the  size,  and  numbers  of  plates  just  described,  was 
nearly  directly  as  the  mass  j  thus,  when  a  certain 
length  of  wire  of  platinum  discharged  one  battery, 
the  same  length  of  wire,  of  six  times  the  weight,  dis- 
'tharged  six  biitteries  j  and  the  effect  was  exactly  the 
[,  provided  tiie  wires  were  kept  cool,  whether  the 
was  a  single  wire,   or  composed  of  six  of  the 

aalier  wires  in  contact  with  each  other.     This  result 

lone   showed,  that  surface  had  no  relation  to  the 


conducting  power,  at  least,  for  electricity  of  this  kind.  Progress  of 
and  it  was  more  distinctly  proved  by  a  direct  experi-  Oiacovery* 
ment -,   equal  lengths  and  equal   weights  of  wire  of^'^^V^^ 
platinum,  one  roundj  and  one  flattened  by  being  [mssed 
transversely   through    rollers,  so   as  to    have   six  or 
seven  times  the  surface,  were  compareil  j  as  to  con- 
ducting powers,  the  flattened  wire  was  the  best  con- 
ductor in  air,  from  its  greater  couling  powers,  but  in 
water  no  difference  coidd  be  perceived  between  them." 

27.  These  experiments,  relative  to  the  conducting 
power  of  wires,  under  different  circumstances,  are 
highly  important,  not  only  in  reference  to  the  con- 
struction of  electro -magnetic  apparatus,  as  will  be 
seen  as  we  proceed,  but  they  are  also  calculated  to 
throw  great  light  upon  the  tirst  principles  of  electri- 
city and  galvanism  ;  and  they  are  followed  in  the  same 
paper  by  several  others,  on  the  conducting  power  of 
fluid  menstrua,  but  these  not  being  immediately  ap- 
plicable to  the  subject  at  present  under  investigation, 
we  shall  pass  over,  and  only  give  further,  the  con* 
eluding  section  of  this  valuable  memoir,  which  is 
stated  by  the  author  as  follows  : 

^8.  '*  The  magnetism  produced  by  electricity, 
though  with  the  same  conductors  it  increases  with  the 
heat,  as  I  mentioned  in  my  last  paper;  yet  with  dif* 
ferent  conductors,  I  find  it  follows  a  very  different 
law.  Thus,  when  a  chain  is  made  of  different  con- 
ducting w^ires,  and  they  are  placed  in  the  same  circuit* 
all  exhibit  equal  magnetic  jxjwers,  and  take  up  equal 
quantities  of  iron  filings,  so  that  the  magnetism  seems 
directly  as  the  quantity  of  electricity  which  they 
transmit.  And  when  in  a  highly  powerful  voltaic 
battery,  wires  of  the  same  diameters  and  lengths,  but 
of  which  the  best  conducting  is  incapable  of  wholly 
discharging  the  battery,  are  made  separately  and  suc- 
cessively to  form  the  circuit,  they  take  up  different 
quantities  of  iron  tilings,  in  some  direct  proportion  to 
their  conducting  powers. 

**  Thus,  in  one  experiment,  two  inches  of  wire,of  Vr 
of  an  inch  being  used,  silver  took  up  thirty-two  grains, 
copper  twenty-four^  platinum  eleven,  and  iron  eight 
and  one-fifth/' 

5.  Erperiments  hij  Mr,  Faraday. 

29.  At  the  time,  when  Mr. Faraday  commenced  his  Expcri- 
experiments  on  this  interesting  science,  in  the  summer  nienttby 
of  182 1,  nothing  had  been  discovered  relative  to  the  ^''^;^*^"' 
magnetic  action  of  the  conducting  wire,  but  its  direc-  ^^' 
tive  quality,  its  poAver  of  communicating  magnetism, 
and  the  action  of  electrical  conductors  on  each  other, 
as  depending  on  their  magnetic,  nnd  not  on  their 
electrical  state.  These  facts,  it  is  true,  are  very  im- 
portant, and  within  the  short  space  that  such  a  power 
had  been  known  to  exist,  were  highly  honourable  to 
the  zeal  and  talents  of  the  philosophers  by  whom  the 
subject  hatj  been  pursued.  But  the  experiments  we 
are  now  about  to  detail,  form  an  entirely  new  and 
distinct  feature  in  the  science,  and  deserve  particular 
notice,  Mr.  Faraday's  object,  when  he  commenced 
these  experiments,  was  the  repetition  of  those  of  Mr. 
Oersted  5  and  having  the  advantages  of  a  powerful 
apparatus,  he  was  enabled  to  mark  the  various  changes 
that  took  place  in  the  direction  of  the  needle,  under 
different  positions  of  the  conducting  wire,  with  great 
accuracy  and  precision  j  and  he  therefore  soon  ob- 
served, that  the  position  of  the  needie,  with  rei*pect  to 
the  wire,  grofitly  modified  the  effects  produced.  He 
c  % 
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Electro-  ascertained^  for  example;^  that  the  apparent  attraction 
Magnetism,  of  the  needle  on  the  one  pole,  and  its  consequent 
^**^  /"^^  repulsion  on  the  other,  did  not  occur  under  all  circum- 
stances 3  but  that  accordingly  as  the  wire  was  placed 
nearer  to,  or  removed  further  from,  the  pivot  of  the 
needle,  attraction  or  repulsion  was  produced  on  the 
same  side  of  the  wire  \  that  is,  says  the  author,  ''  If 
the  wire  be  made  to  approach  perpendicularly  towards 
one  pole  of  the  needle,  that  pole  will  pass  off,  on  one 
side,  in  that  direction  whidi  the  attraction  and  repul- 
sion at  the  extreme  point  of  the  pole  would  give  ;  but 
if  the  wire  be  continually  made  to  approach  the  centre 
of  motion,  by  either  the  one  or  the  other  side  of  the 
needle,  the  tendency  to  move  in  the  former  direction 
diminishes ;  it  then  becomes  null,  and  the  needle  is 
quite  indifferent  to  the  wire;  and,  ultimately,  the 
motion  is  reversed,  and  the  needle  powerfully  endea- 
vours to  pass  the  opposite  way." 

From  these  facts  Mr.  Faraday  conceived  the  happy 
idea,  that,  but  for  the  impossibility  of  such  motion,  with 
the  magnet  suspended  in  the  usual  way,  the  pole  of  it 
would  revolve  about  the  wire,  and  conversely,  the  wire 
about  the  magnet ;  at  least,  that  they  would  each 
have  such  tendency,  if  sufficient  mobility  could  be 
^ven  to  them,  but  still  preserving  sufficient  contact 
for  the  transmission  of  the  fluid.  Moreover,  as  the 
same  effects,  but  in  opposite  directions,  took  place 
with  the  opposite  poles,  the  author  concluded,  that  each 
pole  had  its  peculiar  power  of  action  on  the  wire,  and 
'  not  as  any  part  of  the  needle,  or  as  connected  with  the 
opposite  pole.  The  attractions  and  repulsions  hitherto 
noticed,  he  considered  merely  as  exhibitions  of  the 
tendency  to  revolution  in  different  parts  of  the  circle. 
We  shall  not  attempt  to  follow  Mr.  Faraday  in  this 
place,  through  all  the  various  difficulties  he  had  to 
contend  with,  in  carrying  this  very  ingenious  and  ori- 
ginal idea  into  execution.  It  will  be  sufficient  here  to 
state  that  he  succeeded,  and  was  thus  the  first  philo- 
sopher that  ever  produced  a  rotatory  motion,  inde- 
pendent of  mechanical  principles,  that  is,  from  a 
natural  force,  of  which,  till  this  time,  no  one  ever 
imagined  the  existence.  In  our  chapter,  in  which  is 
given  a  course  of  electro-magnetic  experiments, 
according  to  their  natural  order  of  dependence  on  each 
other,  and  not  on  that  of  the  date  of  their  discovery, 
we  shall  give  Mr.  Faraday's  experiments  in  their  com- 
plete form,  but  at  present  we  shall  content  ourselves 
with  describing  one  of  his  most  simple  apparatus, 
merely  for  the  purpose  of  illustrating  what  is  stated 
above. 
Fig.  9.  30.   This  machine  is  .represented  in  fig.  9;    its 

construction  and  action  being  as  follow  :  place  a 
portion  of  mercury  in  a  tube  closed  below  with  a  cork, 
and  fix  a  small  magnet  so  that  one  pole  shall  project 
abo^-^  the  surface  of  the  mercury  5  take  a  piece  of 
clean  copper  wire  about  two  inches  in  length,  amal- 
gamate the  two  ends,  form  a  loop  at  one  end,  and 
at  the  end  of  another  piece  of  wire  form  another  loop, 
by  which  hang  the  first  piece,  thus  affording  free 
motion,  and  at  the  same  time  sufficient  contact :  fix 
this  over  the  magnet,  so  that  the  end  of  the  moveable 
piece  shall  just  dip  into  the  mercury ;  then  connect 
the  mercury  with  one  pole  of  a  voltaic  combination, 
which  is  readily  done  through  the  magnet,  and  the 
wire  with  the  other,  and  the  moveable  part  will  im- 
mediately revolve  round  the  magnetic  pole,  and  con- 
tinue to'do'80  as  long  as  the  contact  remains.     On 


bringing  the  magnetic  pole  from  the  centre  of  motion  Progfren 
to  the  side  of  the  wire,  there  is  neither  attraction  nor  l^«>vci 
repulsion,  but  the  wire  has  a  tendency  to  pass  off  in  a  ^^^'^V*" 
circle,  still  leaving  the  pole  for  its  centre,  and  that 
either  on  the  one  side,  or  on  the  other,  according  to 
circumstances.     If  the  magnet  be  taken  out  and  re- 
versed, we  have  still  the  same  kind  of  motion,  but  it 
takes  place  in  an  opposite  direction  3  that  is,  if  it  were 
to  the  right  in  the  first  instance,  it  will  now  be  to  the 
left,  the  contact  with  the  poles  of  the  battery  remain- 
ing the  same.    And  if  these  be  reversed,  so  also  will 
be  the  motion.    Mr.  Faraday  recommends,  that  instead 
of  a  magnet,  as  above  described,  a  piece  of  iron  be 
applied,    and  a  strong  magnet  used  exteriorly,   to 
induce  either  pole  in  the  iron. 

In  some  future  trials  a  different  apparatus  was  con- 
structed, which  exhibited  this  rotation  upon  a  larger 
and  better  scale,  and  also  the  rotation  round  the 
wire,  the  latter  being  fixed,  and  the  former  free ; 
but  as  these  will  be  described  in  the  following  general 
course,  this  notice  of  the  results  will  be  sufficient  for 
the  present. 

31.  We  have  already  mentioned  the  experiments  of  Mr.  Para 
M.  Ampere,  by  which  the  effect  of  the  terrestrial  day  on  tl 
magnetism  was  shown,  by  giving  direction  to  a  gal-  ®^®^  ^'f 
vanic  wire  5  Mr.  Faraday  was  therefore  induced  to  try  J^^^ 
whether  this  also  was  not  sufficient  to  give  a  rotation 
to  a  freely  suspended  wire  of  the  same  kind  :  at  the 
time  when  he  published  his  first  experiments  his 
attempts  had  not  been  successful,  but  he  ultimately 
obtained  the  motion  and  rotation  sought.  Having 
assumed  the  line  of  the  dip  as  the  direction  or  resultant 
of  all  the  magnetic  forces  in  any  given  place,  and 
judging  from  other  experiments,  the  results  expected 
were,  that  a  connecting  wire  would  always  move 
laterally,  and  in  a  plane  at  right  angles  to  the  dip  ; 
this  required  the  wire  to  be  perpendicular  to  the  dip  ; 
but  still  if  removed  from  the  perpendicular  a  little 
way,  it  was  expected  that  it  would  still  move,  although 
with  a  diminished  force.  To  obtain  this  result  ex- 
perimentally, a  horizontal  piece  of  wire  was  suspended 
from  the  ceiling  by  a  silk  thread ;  its  ends  dipped 
into  mercury  in  two  basins,  and  these  were  connected 
with  the  poles  of  the  battery  5  the  wire  immediately 
moved  laterally,  and  that  in  every  azimuth,  the  direc- 
tion of  motion  being  such,  that  when  the  wire  was 
east  and  west,  the  east  end  to  the  zinc,  and  the  west 
to  the  copper  plate,  (a  single  pair  being  used,)  the 
motion  was  towards  the  north ;  when  the  connections 
were  reversed  the  motion  was  towards  the  south. 
When  the  wire  hung  north  and  south,  the  north  end 
to  the  zinc  and  the  south  to  the  copper,  the  motion 
was  towards  the  west,  when  the  connections  were 
reversed  towards  the  east,  and  the  intermediate  posi- 
tions gave  intermediate  directions  of  motion. 
•  An  apparatus  was  afterwards  made  use  of,  which 
showed  these  results  in  a  more  distinct  and  satisfactory 
manner,  somewhat  resembling  that  above  described 
for  producing  rotation  in  the  wire  about  the  magnet  j 
the  wire  being  suspended,  so  as  to  make  with  the 
vertical  a  greater  angle  than  the  dipping  needle  with 
the  same  ;  and  here,  the  moment  the  contact  was 
made,  Mr.  Faraday  had  the  satis&ction  to  see  the 
rotation  commence  precisely  in  the  same  manner  as  it 
would  have  done  about  the  south  pole  of  an  artificial 
magnet. 

These  were  the  more  important  of  Mr.  Faraday's 
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discoTcries^  but  a  number  of  other  highly  ingenious 
experiments  were  made  by  him  at  the  same  time,  anti 
are  published  in  the  same  j«iper,  (No.  *23,  Jownifii  of 
^ft  tkB  Royal  Institution^)  and  in  a  tiote  in  the  following; 
^m  comber  :  some  of  them  we  shall  have  occasion  to 
^m  describe  in  the  following  geticrnl  course,  and  for  the 
^^^^  rest  we  must  refex  the  reader  to  the  paper  in  question. 

^^^^6.  Ejperimentt  of  a  misceltaneoui  naiure  dm  to  several 
^^^^  German  philosophers  and  others, 

H|»  3S.  So  many  persons  were  engnged  in  the  pursuit 

iS  of  A  af  this  new  and  interests nc"  science,  after  the  first 
^■^■■•-  announcement  of  the  discovery  by  Professor  Oersted, 
RiBiiare   ^^^  j^  |^  nearly  impossible  to  obser^^e  the  proper  order 


litotrFr- 


(LTdia. 


of  discovery  in  point  of  date,  we  shall  therefore,  in 
this  place,  mention  several  miscellaneous  experiments 
made  about  this  time  by  different  authors ;  but  as 
most  of  these  will  occur  in  the  general  course,  a  very 
short  notice  of  each  will  be  sufficient. 

33.  M.  Ic  Chev\  Yelin  discovered,  independent  of 
irbat  had  been  done  in  Paris,  the  effect  of  enclosing  a 
needle  within  a  spiral  wire,  both  by  the  discharge  of 
the  electric  apparatus  by  sparks,  and  by  galvanism. 
These  results  were  pubUahed  in  the  Ailegemeine 
Zatung,  December  2,  18^0. 

34*  Mr.  Bockman  made  experiments  on  spirals  of 
tfffoneilC  diameters  ;  increasing  the  diameter  from  the 
imtillest  size  to  thirteen  inches,  no  perceptible  dimi^ 
nution  of  effect  was  observed  j  but  it  was  much  im- 
paired when  the  diameter  was  thirty-four  inches,  and 
scarcely  any  power  remained,  when  it  was  increased 
to  eighty-four  inches, 

33.  M.  Von  Buch,  of  Utrecht,  corrected  an  error 
in  Mr  Oersted's  first  paper,  Mr.  Oersted  says,  that 
if  the  uniting  wire  be  placed  perpendicularly  to  the 
plane  of  the  magnetic  meriilian,  whether  above  or 
below  it,  the  needle  remains  at  rest,  unless  it  be  very 
near  the  pole  ;  in  that  case  the  pole  is  elevated  if  the 
entrance  be  from  the  west  side  of  the  wire,  and  de- 
pressed when  from  the  east.  BI,  Von  Buch  jioints 
out,  that  this  state  of  rest  does  not  continue  in  two 
out  of  these  four  positions  of  the  wire.  When  the 
connecting  wire  is  below  the  centre  of  the  needle, 
and  the  positive  current  is  from  east  to  west,  the 
needle  remains  unmoved  :  when  the  current  is  from 
west  to  east,  it  performs  half  a  revolution  ;  on  the 
contrary,  the  connecting  wire  being  aljove  the  current 
Irom  east  to  west,  makes  the  needle  turn  half  way 
round,  while  that  from  west  to  enst  leaves  the  needle 
immovcd.  The  author  concludes,  that  this  peculiarity 
escaped  Mr.  Oersted,  in  consequence  of  the  little 
power  in  his  first  apparatus.  This  was,  no  doubt,  the 
ease,  for  nothing  is  now  better  established  than  this 
fact  of  the  inversion  of  the  needle  in  the  cases  alluded 
to,  when  the  power  of  the  wire  exceeds  that  of  the 
terrestrial  directive  force. 

M,  Von  Buch  also  appears  to  have  ascertained  the 
effect  of  common  electricity,  in  producing  magnetism, 
without  a  previous  knowledge  of  what  had  been  done 
by  others,  and  succeeded  in  producing  the  effect  by  a 
much  smaller  power  than  had  before  been  employed 
for  the  purpose.  He  found  that  a  strong  discharge 
was  not  necessary,  nor  even  a  Ley  den  j>hial  j  but 
fixing  a  helix  between  the  prime  conductor  of  a  machine 
and  another  insulated  conductor,  placing  a  steel  needle 
in  it,  and  then  drawing  sparks  from  the  latter  conduc- 
lorj  the  needle  became  magnetic.     One  single  tinrn  of 


a  machine,  with  two  diacs,  eighteen  Inches  in  diameter,  Pr^^gr^M  of 
was  sufilcient  to  make  the  needle  evidently  magnetic.  P*^'**^"^ 
3t*.  M,  dc  la  Rive,  in  the  BiL  Vmr.  (March  1821,)  ^^^v— ^ 
describes  a  very  pretty  little  apparatus  for  exhibiting  m.  de  la 
f^ome  of  the  leading  facts  connected  with  this  science.  Rive. 
It  consists  simply  of  two  thin  strips,  one  of  copper 
and  another  of  zinc,  connected  by  a  wire  soldered  to 
cacli,  the  wire  itself  being  wound  into  a  spiral,  and 
the  whole  attached  to  a  cork,  and  immersed  in  diluted 
acid  J  by  this  simple  machine,  many  curious  and  im- 
portant facts  may  be  satisfactorily  exhibited,  but  as  it 
will  be  described  more  at  length  in  the  general  course, 
this  notice  will  here  be  sufficient. 

37.  IVI.  Moll,  of  Utrecht,  in  three  letters  to  the  M.  MoH. 
editor  of  the  Journal  de  Phtfsiqtie,  the  first  dated 
March  23,  the  others  without  date,  gives  an  account 
of  some  experiments  made  to  ascertain  the  relative 
power  of  a  battery  consisting  of  many  plates,  and  one 
of  two  large  plates  only.  The  large  apparatus  con- 
sisted of  a  narrow  trough  of  copper,  containing  a  plate 
of  zinc,  presenting  near  four  square  feet  of  surface : 
the  smaller  apparatus  was  one  consisting  of  pktes, 
four  inches  square,  put  together  in  Dr.  Wollaston's 
manner,  with  the  copper  round  the  zinc.  With  the 
large  apparatus,  M.  Moll  remarked,  that  the  mag- 
netic po\ver  was  very  great,  when  the  connecting  wire 
was  of  considerable  thickness,  (two-tenths  of  an  inch;) 
but  when  a  platina  wire,  much  smaller,  was  usedj  (xo-ir 
of  an  inch,)  the  power  diminished  considerably.  With 
a  copper  cylinder,  however,  about  an  inch  in  diameter, 
the  power  was  diminished  :  no  chemical  action  could 
be  obtained  by  this  apparatus,  on  making  the  connec- 
tion with  saline  solution,  or  tincture  of  litmus,  though 
the  magnetic  efiects  were  very  powerful.  In  making 
the  comparison  between  this  apparatus,  and  that  with 
smaJler  plates  and  cells,  thirty-six  pair  of  the  latter 
were  taken  j  so  that  an  equal  surface  was  used  in  both 
instruments.  These  being  put  into  action  by  the 
sjuiie  acid,  and  the  connecting  wires  being  similar, 
that  of  the  two  plates  made  the  needle  deviate  from 
60^  to  7if'  from  the  magnetic  meridian  j  while  that  of 
the  small  plate  battery  made  it  deviate  only  12-.  The 
decomposing  power  of  the  small  plate  battery  was 
very  considerable,  and  M.  Moll  draws  the  conclusion, 
that  the  apparatus  with  cells  producer  chemical 
effects,  while  its  magnetic  action  is  very  little  j  while 
the  single  plates  have  scarcely  any  chemical  effect, 
though  their  magnetic  power  be  very  great. 

M.  Moll  also  remarks,  that  the  positive  and  negative 
state  of  his  single  plates  is  in  cjpposition  to  the  states 
of  a  battery  of  many  plates,  inasmuch  as  the  zinc  pole 
is  negative,  and  the  copper  pole  positive.  He  found 
the  position  of  the  magnetic  needle  near  his  wire  the 
reverse  of  what  it  was  near  the  wire  of  a  battery  of 
many  plates  j  for  when  the  wire  extended  from  the 
zinc  pole,  north,  to  the  copper  pole,  souti^,  a  needle 
placed  beneath  turned  towards  the  west  instead  of  the 
east,  and  above,  in  the  contrary  direction.  The  cause 
of  this  difference  will  be  readily  seen,  when  it  is  re- 
membered that  i\I.  Moll  was  using  the  wire  that  con- 
nected the  zinc  and  copper  plates  of  the  same  pair, 
and  not  of  different  pairs  ;  so  that,  in  fact,  his  connect- 
ing wire  was  in  the  inverse  direction  of  those  used  to 
connect  between  the  poles  of  a  battery  with  four  or 
more  plates.  This  fact,  as  we  have  seen,  (art.  9,) 
was  noticed  also  by  Oersted. 

38.  It  remains  now  only  to  notice  a  few  of  the  new 
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Electro-  experiments  which  followed,  and  were  dependent  on 
Magnetism  those  of  Mr.  Faraday.  We  have  seen  that  this  gen- 
^^■^V*^  tleman  succeeded  in  making  a  galvanic  wire  rotate 
about  a  magnet,  and  then  a  magnet  about  the  wire, 
and  lastly  a  wire  about  the  pole  of  the  terrestrial 
magnetism,  in  any  place.  Pursuing  the  ideas  thus 
developed,  M.  Ampere  succeeded  in  causing  a  magnet 
to  revolve  on  its  own  axis,  by  passing  the  galvanic 
current  through  it  3  Mr.  Barlow  produced  a  similar 
rotation  in  the  galvanic  wire,  and  some  other  rotations 
of  rather  a  curious  nature,  which  will  be  described  as 
we  proceed  -,  and  lastly  M.  Ampere  proposed  a  very 
small  and  compact  combination,  which  exhibited  the 
rotatory  property  of  the  wire  without  the  aid  of  any 
other  galvanic  apparatus  than  the  machine  itself. 
This  also  is  described  in  the  general  course. 

7.  Expeiiments  by  Professor  Cumming. — First  series, 
JExpcri-  39.  Professor  Cumming's  experiments  embraced  all 

raents  by  those  which  had  been  previously  published,  at  the 
CumSnIr  *"^^  when  he  commenced,  but  we  shall  only  mention 
FirBtseries.  those  which  brought  to  light  some  fact  not  before 
known.  The  apparatus  he  employed  was  a  single  pair 
of  zinc  and  copper  plates,  having  two  feet  and  a  half 
surface,  with  conducting  wires  of  copper ;  in  the  first 
instance,  of  one-fifteenth  of  an  inch  in  diameter,  but 
which  he  afterwards  varied,  in  order  to  examine  the 
effects  due  to  different  dimensions  of  the  conducting 
arc.  These  we  shall  speak  of  as  we  proceed  5  at 
present  it  will  be  better  to  follow  the  order  in  which 
the  experiments  are  reported.  The  first  object  of  the 
author  was,  to  ascertain  the  actual  direction  of  the 
force  by  which  the  needle  was  disturbed  5  for  this 
purpose  the  conducting  wire  was  bent  into  a  circle, 
and  two  delicate  needles  were  used,  one  horizontal 
and  one  vertical,  or  suspended  like  a  dipping  needle  j 
and  in  this  way  Professor  Cumming  discovered  what 
has  since  been  observed  by  other  philosophers,  and 
had,  indeetl,  been  previously  observed,  that  the  ten- 
dency of  the  electro-magnetic  force  is  to  place  the 
needle  transversely  to  the  wire,  a  position  which  it 
actually  took  up,  when  the  needle  was  neutralized  so 
as  to  destroy  or  counteract  the  natural  directive 
power  of  the  earth  upon  it. 

While  carrying  on  these  experiments  the  author 
found,  that  when  the  needle  was  placed  within  a  con- 
ducting circle,  the  effects  were  much  greater  than 
when  a  single  wire  was  employed,  and  this  suggested 
to  him  the  idea  of  constructing  an  apparatus  for  ex- 
amining small  galvanic  effects,  which  he  calls  a  gal- 
vanometer :  it  consists  in  placing  a  needle  within  a 
circular  or  square  conducting  wire,  of  two  or  more 
coils,  and  by  neutralizing  the  terrestrial  direction  when 
necessary  ;  we  shall  describe  this,  or  a  similar  instru- 
ment, as  we  proceed  j  it  is  only  spoken  of  here  in 
order  to  mark  the  time  of  the  invention,  April  1821, 
as  a  foreign  claimant  of  later  date  has  recently  ap- 
peared in  some  of  the  Foreign  and  English  journals. 

Professor  Cumming  observes,  after  mentioning  the 
effect  produced  by  so  small  an  apparatus,  "  it  may 
seem  singular,  that  in  Professor  Oersted's  earlier 
experiments,  the  effects  were  barely  apparent,  owing, 
as  he  imagined,  to  the  feeble  power  of  his  battery  5 
the  reason  of  this  he  afterwards  discovered  to  be, 
that  the  magnetic  effect  was  dependent,  not  on  the 
intensity,  but  the  quantity  of  galvanism  evolved  ;  but 
he  does  not  seem  to  be  aware  of  the  extent  to  which 


this  observation  may  be  applied.    My  first  experiments  Progrm 
were  made  with  a  battery  of  220  double  six-inch  ^^»«>^« 
plates,  possessing  very  powerful  effects,  both  electrical  ^^'V^ 
and  chemical,  yet  its  influence  on  the  needle  was 
scarcely  perceptible.     One  of  these  plates  taken  sepa- 
rately caused  a  deviation  of  nearly  80^.     It  is  evident 
then,  that  though  the  circuit  b^  complete,  much  of 
the  magnetic  influence  is  destroyed  by  the  same  cir- 
cumstances which  generates  the    electrical  effects. 
This  can  be  no  other  than  the  tension  produced  in 
consequence  of  the  obstruction  presented  to  the  fr^e 
passage  of  the  galvanism,  by  the  fluid  interposed  be- 
tween each  pair  of  plates  3  magnetism,  therefore,  can- 
not be  properly  considered  as  the  effect  of  voltaic 
electricity,  but  of  galvanism  in  its  original  form." 

4Q.  Professor  Cumming  next  proceeded  to  examine  On  the  € 
th«  effect  of  wires  of  different  lengths  and  thick-  ^^<*»  of 
nesses  j  he  found  that  the  greater  the  diameter,  the  fgn^J^ 
greater  the   disturbing  power,  and  that    the  devia-  cwSucti 
tion   increased   with  the   diameters,   although    their  wire, 
lengths  increased  at  the  same  time  >  and  this  law 
continued  even  with  a  single  pair  of  plates,  until  the 
wire  was  larger  than  one-thirtieth  of  an  inch  -,  and  in 
one  case,  when  the  connecting  wire  was  supplied  by 
a  copper  ball,  a  foot  in  diameter,  the  effect  was  stiU 
very  visible.     The  author  next  endeavoured  to  ascer-    • 
tain  the  difference  of  effect  between  placing  the  pair 
of  plates  at  greater  or  less  distances  from  each  other, 
and  found  that  the  tangent  of  the  needle's  deviation  in 
these  cases,  varied  very  nearly  as  the  square  root  of' 
the  distances  in  question.     These  experiments  will^ 
however,  be  best  given  in  the  author's  own  words. 

41.  **  In  using  the  magnetic  needle  as  a  measure  of        .~  ' 
galvanic  effects,  we  may  either  observe  the  deviation 

at  a  standard  distance  of  the  connecting  wire  ft^m  the 
needle,  or  assume  a  standard  angle  and  measure  the 
distance.  The  latter  method  seems  to  have  the  ad- 
vantage, as  enabling  us  to  use  a  smaller,  and  there- 
fore a  more  delicate  needle,  with  this  additional  con- 
venience, that  the  scale  is  increased  in  proportion  as 
the  length  of  the  needle  is  diminished.  I  therefore 
constructed  an  instrument,  having  a  connecting  wire 
fixed  upon  a  moveable  slide,  divided  into  inches  and 
tenths,  to  which  a  vernier  might  be  added,  if  neces- 
sary. My  first  object  was  to  ascertain  the  divisions 
on  the  scale,  corresponding  to  variations  in  the  angle 
of  deviation  3  for  this  purpose  the  moveable  wire  was 
placed  at  different  distances  firom  the  needle,  increas- 
ing in  arithmetical  progression,  and  the  corresponding 
deviations  were  observed.  As  the  effects  decreased 
very  rapidly  during  the  galvanic  actions,  the  experi- 
ments were  made  as  quickly  as  possible,  proceeding 
from  a  distance  of  half  an  inch  to  ten  inches  and  a 
half,  and  again  returning  to  the  first  distance.  On 
taking  the  mean  of  several  trials  made  in  this  manner, 
I  found  that  the  tangent  of  the  deviation  varies  in-* 
versely  as  the  distance  of  the  connecting  wire  from 
the  magnetic  needle."  We  have  already  explained  that 
the  deviation  varying  according  to  this  law,  when  the 
wire  is  of  considerable  length,  answers  to  the  law  of 
the  inverse  square  of  the  distance  between  particle 
and  particle. 

42.  "  It  is  well  known,  that  in  a  galvanic  arrange- 
ment intensity  is  given  by  the  number,  and  quantity 
by  the  magnitude  of  the  plates ;  but  I  am  not  aware 
that  any  notice  has  been  taken  of  the  effects  produced  by 
varying  their  distances  from  each  other.    On  placing 
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a  moveable  plate  of  zinc  opposite  a  fixed  plate  erf 
copper,  I  found  that,  on  diminishing  the  distance,  the 
deviation  of  the  needle,  placed  under  their  connecting 
wire,  continued  to  increase  until  they  were  in  actuad 
contact.  The  law  of  that  increase,  ascertained  by 
the  method  I  have  just  mentioned,  was  such,  that  the 
tangent  of  deviation  varied  inversely  as  the  square  Toot 
of  the  distances  of  the  plates.  In  the  construction  of 
a  voltwc  series  composed  of  many  plates,  the  advan- 
tages to  be  obtained  by  placing  them  very  near  each 
other,  would  be  counterbalanced  by  the  risk  of  fheir 
intensity  becoming  sufficient  to  penetrate  through  a 
small  distance ;  but  in  using  large  plates,  with  an  elec^ 
tricity  of  low  intensity,  it  is  obvious,  that  provided 
they  are  not  in  actual  contact,  they  cannot  be  placed 
too  near  each  other.*'  By  availing  himself  of  this  ob- 
aervation.  Professor  Cumming  was  enabled  to  repeat 
with  a  single  pair  of  plates,  the  experiments  of  Ampere 
and  Arago,  which  were  supposed  to  require  great 
power. 

Professor  Gumming,  with  the  assistance  of  Dr. 
Clarke  and  Mr.  Lunn,  was  the  first  to  produce  dectra-' 
magnetic  effects  from  the  electricity  of  the  atmos- 
phere, by  the  usual  apparatus,  an  electrical  kite.  See 
the  Transactions  of  the  Cambridge  Philosophical  Society 
for  1821. 

8.  3Ir.  Barlow* s  experiments  on  the  mathematical  laws  of 
electro  magnetism, 

Mr.Bsr-  43.  All  the  experiments  that  had  been  made  on  the 
Wsfxpe-  subject  of  electro-magnetism,  from  the  first  discovery 
^^^^^  of  that  power  by  Mr.  Oersted,  seemed  to  indicate  a 
««A^I  strong  affinity,  although  not  a  complete  identity,  be- 
1"R  of  tween  the  simply  magnetic  and  the  electro-magnetic 
*^***^.  forces  ;  or,  if  the  identity  be  admitted,  still  a  certain 
■ajBrtifjm.  difference  must  be  conceived  to.  have  place  in  the 
,  modes  of  action. 

In  a  work  entitled  An  Essay  on  Magnetic  Attractions, 
&c.,  the  author  had  attempted  to  reduce  the  laws  of 
induced  magnetism  to  mathematical  principles,  and  to 
render  the  results  susceptible  of  numerical  computa- 
tion, the  mass  of  iron  and  its  position,  with  respect 
to  the  compass,  being  given  ;  and  he  was  now  desir- 
•  ous  to  establish,  on  similar  principles,  the  law  of 
electro-magnetism  j  but  it  was  some  time  before  he 
was  able  to  construct  an  apparatus  convenient  for  the 
purpose.  Having,  however,  at  length  effected  this 
necessary  preliminary  to  his  satisfaction,  he  proceeded 
to  make  the  course  of  experiments,  and  to  undertake 
the  investigations  which  form  the  subject  of  the  pre- 
sent section. 

Ha>ing  repeated,  very  carefully,  all  the  experiments 
of  Mr.  Oersted,  MVI.  Ampere,  and  Arago  ;  of  Sir  H.  ' 
.'  Davy  and  Mr.  Faraday,  with  some  others,  suggested 

by  the  results  thus  obtained  j  and  having  attentively  - 

.  considered   all  the  peculiarities  of  action  thus   de- 

'  veloped,  he  was  led  to  consider  that  all  the  apparently 

anomalous  effects  produced  on  a  magnetised  needle  by 

the  action  of  a  galvanic  wire,  might  be  explained  by  . 

the  admissiiMi  of  one  simple  principle  ;  viz.  that  every 

particle  of  the  gahanie  fluid  in  the  conducting  wire  acts 

,  on  every  particle  of  the  magnetic  fluid  in  a  magnetised 

needle g  with  a  force  varying  inversely  ^as  the  square  of  the 

distance  ;  hut  tfiat  the  action  of  the  particles  of  the  fluid 

in  the  wire,  is  neither  to  attract  nor  to  repel  tither  poles 

of  a  magnetic  particle,  bmt  a  tangential  force  which  has  a 

tendency  to  place  the  poles  ofeiiher  fluid  at  right  angles 


to  those  of  the  other;  whereby  a  magnetic  particle,  sup-  Progress  of 
posing  it  under  the  influence  of  the  wire  only,  would  always  ^^^^oyery, 
place  itself  at  right  angles  to  the  line  let  fall  from  it  per^  ^— '"v""*^ 
pendicular  to  the  wire,  and  to  the  direction  of  the  wire 
itself  at  that  point. 

The  author  made  no  attempt  to  illustrate  the  me- 
chanical principles  by  which  such  an  action  might  be 
produced  -,  he  only  undertook  to  show,  that  if  such  a 
force  be  admitted,  all  the  results  obtained  from  the 
reciprocal  action  of  a  galvanic  wire  and  a  magnetised 
needle  may  not  only  be  explained  but  computed,  and 
•that  the  results  agree  numerically  with  experiments. 

44.  The  galvanic  machine  which  he  employed,  is 
constructed  after  the  principle  of  Dr.  Hare's  colori-  . 
moter,  diffiering  from  his  only  in  the  mechanical  con- 
trivance for  lowering  and  raising  it  out  of  the  fluid  : 
it  consists  of  twenty  zinc,  and  twenty  copper  plates, 
each  ten  inches  square  ;  but  it  possesses  a  power  far 
beyond  what  is  requisite  for  making  every  experiment 
connected  with  this  branch  of  philosophy. 

This  machine  is  represented  in  fig.  10,  pL  I.  a,  b,  c.  Machine 
d,  e,  Sfc.  is  a  pretty  strong  frame  of  wood,  intended  to  described, 
carry  the  forty  plates  which  are  arranged  as  follows  :  ^^^'  ^^' 
on  a  stout  strip  of  copper,  at  the  back  of  the  cross  bar 
k  I,  are  soldered,  by  their  middles^  ten  zinc  plates,  and 
to  another  similar  i>trip  of  copper  are  soldered,  in  like 
manner,  ten  copper  plates  ^  which  are  held  in  their 
respective  places  by  nuts  screwing  on  the  ends  of 
screw  pins  attached  to  the  strips  of  copper,  and  pass- 
ing through  the  cross  bar,  as  seen  in  the  figure  -,  the 
two  strips  of  copper  having  an  opening  of  half  an  inch 
nearly  between  them.  The  other  twenty  plates,  ten 
copper  and  ten  zinc,  are  soldered  in  the  same  way  to 
one  copper  strip  the  whole  length  of  the  frame,  and 
screw- bolted  to  the  corresponding  cross  bar  of  the 
frame  on  the  opposite  side,  the  ten  copper  first,  and 
then  the  ten  zinc  ;  they  are  then  arranged,  so  that 
there  is  one  copper  and  one  zinc,  alternately,  through- 
out the  series  -,  the  plan  of  this  combination  is  shown 
more  particularly  in  (fig.  10,  a)  z,  p,  are  the  two  poles.  Fig.  10,  tu 
which  consists  of  hollow  tubes  of  copper,  soldered 
to  the  copper  and  zinc  plates^  which  are  the  inside 
ones  of  the  front  row. 

Into  these  tubes  are  inserted  the  ends  of  the  con- 
ducting wire,  when  any  experiments  are  to  be  made, 
the  latter  just  fitting  the  tubes,  so  as  to  give  a  great 
freedom  of  motion,  and  yet  such  as  to  preserve  a  good 
contact* 

A  B  C  D  E  is  a  strong  wooden  box  lined  with 
copper,  its  purpose  being  to  contain  the  acid  io^to 
which  the  plates  are  immersed  for  experiment  -,  it  is 
two  feet  in  length,  sixteen  inches  in  breadth,  and 
nineteen  inches  deep.  F  G  H  I  is  a  frame  attached 
to  the  side  of  the  box,  having  a  cross-piece  at  top 
supporting  a  winch  and  iron  axis,  to  which,  in  the 
middle,  is  attached  a  piece  of  catgut,  which,  passing 
over  pulleys  or  roUers  at  the  end,  descends  and  receives 
into  nooses,  at  the  ends,  the  extremities  of  an  iron 
bar  which  passes  through  the  copper  handles  H  H, 
and  through  two  long  slips  cut  in  the  upright  pieces, 
from  the  top  to  the  bottom.  The  axle  is  furnished  with 
a  racket  wheel  and  catch  behind.  By  this  contrivance 
the  experimenter  may  lower  the  plates  into  the  fluids 
and  raise  them  again  at  pleasure  :  an  object  of  im- 
portance, because  the  machine  loses  its  power>  if 
kept  long  ioaimersed.  It  moreover  possesses  the  ad- 
▼anti^e  of  enabling  the  experimenter  to  immerse  the 
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Fig.  11, 


Electro-  plates,  more  or  less,  at  his  pleasure,  the  catch  and 
Magnetism  racket  wheel  preventing  its  running  down.  The  table 
^^■**V^^  T,  in  front,  may  be  let  down  or  fixed  up  like  the  les^ 
of  a  table :  when  up,  it  serves  as  a  support  for  the 
apparatus  on  which  the  experiments  are  to  be  made. 
The  other  part  of  the  apparatus,  peculiar  to  the  ex- 
periments, is  shown  in  fig.  11,  A  B,  is  an  upright  stand, 
placed  near  the  poles  of  the  battery  5  ah,  cd,  are  two 
staples  of  stout  copper  wire,  driven  into  the  upright, 
the  two  ends  at  b  and  c  passing  quite  through,  as 
shown  at  C  and  Z  ;  and  on  which  two  wires  are  fas- 
tened by  spiral  turns,  and  with  which  the  communica- 
tion is  made  with  the  poles  of  the  battery  5  c/,  g  h, 
are  two  copper  wires  of  the  same  dimension  as  the 
staples,  each  four  feet  long,  having  their  ends  flattened 
and  drilled  so  as  just  to  enable  them  to  slide  freely 
upon  the  wires  a  b,  c  d,  and  the  vertical  wire/ A,  also 
four  feet  in  length,  which  passes  through  a  hole  in 
the  top  of  the  table  F  G  H  I,  and  so  tight  as  to  render 
it  perfectly  fixed.  On  the  plane  of  the  table,  which 
is  two  feet  square,  the  circle  N  E  S  W  is  described 
about  the  centre  0,  and  divided  into  the  points  of  the 
compass  and  smaller  divisions ;  N  S,  is  an  index  or 
box  ruler,  through  which  the  wire  /  h  passes,  so  that 
the  former  may  be  turned  freely  about  the  latter,  and 
set  to  any  proposed  azimuth.  On  this  ruler  is  placed 
the  small  compass  c^,  by  means  of  which  the  deviation 
at  any  time  may  be  taken ;  c^'  is  another  compass 
placed  on  the  top  of  the  support  L  (/\  and  is  intended 
to  remain  fixed  in  its  place,  in  order  to  serve  as  a 
standard  for  estimating  and  comparing  the  power  of 
the  battery  at  di£ferent  times. 
Nature  of  45.  For  the  principal  experiments  this  apparatus  is 
the  experi-  placed  so  that  the  plane  of  the  rectangle  of  wires  is 
SSSlii^*^  perpendicular  to  the  magnetic  meridian ;  because  in 
*'^  this  position,  the  horizontal  wires   being  east  and 

west,  they  have  no  effect  in  deflecting  the  needle  frofn 
its  direction,  (at  least  there  is  only  one  exception  to 
this,  which  will  be  noticed  hereafter,)  and  conse- 
quently, all  the  effect  produced  upon  the  needle  during 
the  rotation  of  the  index  in  the  circle  N  £  S  W,  is  due 
to  the  vertical  wire  only,  except  so  far  as  the  hori- 
zontal wires  may  increase  or  diminish  the  directive 
power  of  the  needle.  This,  however,  in  the  cases  to 
which  we  shall  refer  is  very  inconsiderable. 

But  in  order  that  we  may  know  precisely  what  part 
of  the  change  of  deviation  between  one  situation  of 
the  compass  and  another  is  actually  due  to  that  change 
of  position,  recourse  must  be  had  to  the  standard 
compass,  which  always  remaining  fixed  in  its  position, 
may  be  used  as  a  constant  indicator  of  the  strength  of 
the  battery. 

The  vessel  which  contains  the  dilute  acid,  into 
which  the  plates  were  immersed,  holds  nearly  twenty 
gallons  ;  and  the  experiments  were  begun  with  little 
more  than  twelve  gallons  5  moreover  the  plates  were 
not,  in  the  first  instance,  let  down  to  their  lowest 
point.  The  intensity,  shown  by  the  standard  compass 
after  the  connection  had  been  made  some  minutes^ 
was  noted  ;  and  by  breaking  off  and  making  the  con- 
tact anew,  this  same  intensity  occurred  again,  the 
power  being  always  strongest  when  the  contact  is 
first  made  ;  then,  when  the  standard  compass  returned 
to  its  former  bearing,  the  observation  with  the  other 
compass  was  taken  ;  the  contact  broken  and  renewed, 
and  so  on  as  long  as  the  battery  retained  sufficient 
power.    When  this  failed^  the  plates  were  lowered  a 


scribed. 


little  more,  the  power  thus  increased,  and  the  observ-  Progrf 
ations  resumed,  till  at  length  the  plates  being  wholly  ^^^^'^coi 
down,  and  the  power  too  weak,  recourse  was  had  to  ^'^'^v 
a  supply  of  more  dilute  acid  5    by  which  means   a 
tolerably  steady  action  was  kept  up,  longer  than  wa4 
necessary  for  any  series  of  experiments  of  this  kind. 

Having  thus  explained  the  means  employed^  and 
the  precautions  adopted,  to  ensure  accuracy,  we  shall 
proceed  now  to  explain  the  principles  of  computation^ 
and  to  compare  the  numerical  results  thus  obtained, 
with  those  derived  from  experiments. 

46.  According  to  the  hypothesis,  (art.  43,)  if  we 
conceive  the  wire,  in  the  first  instance,  to  be  vertical, 
and  the  compass  placed  to  the  north  or  south  of  it, 
and  opposite  its  middle  point,  the  centre  of  action  will 
lie  in  the  horizontal  plane,  and  at  right  angles  to  the 
natural  horizontal  direction  of  the  needle.  The  latter^ 
therefore,  (which,  for  simplicity  sake,  we  shall  at 
present  consider  as  indefinitely  short,  with  regard  to 
the  distance,)  will,  at  either  of  those  points,  be  acted 
upon  by  two  rectangular  forces  3  viz.  the  galvanic 
force  in  an  east  and  west  direction,  and  which  we  may 
denote  by  /,  and  the  natural  magnetic  or  directive 
force  m;  consequently,  according  to  the  principle  of 
forces,  the  resultant  will  be  expressed  by  a/  (/*  +  »»•) 
and  the  angle  which  it  makes  with  the  natural  direc- 
tion of  the  needle,  being  called  ^,  we  shall  have 


tan  A  =  ^ 
m 


(1) 

Hence  the  magnetic  force  being  constant,  the  tangent  of 
the  needles  deviation  at  the  north  or  south  will  be  a  correct 
measure  of  the  galvanic  power. 

We  have  thus  a  principle,  by  means  of  which  we 
may  verify  a  part,  at  least,  of  our  theory  by  experi* 
ments. 

For  example  ;  since,  by  the  supposition,  every  par- 
ticle of  the  galvanic  vertical  wire  acts  inversely  as  the 
square  of  its  distance  from  a  given  point,  we  ought  to 
find  a  determined  relation  between  the  tangent  of 
deviation  and  the  length  of  the  wire  ;  or  the  length 
of  the  wire  remaining  constant,  between  the  tangent 
of  deviation  and  the  distance,  provided  always  that 
the  intensity  of  the  battery  remain  constant. 

The  apparatus  explained  furnishes  the  means  of 
making  both  these  comparisons.  For  the  sliding 
horizontal  rods  will  enable  the  experimenter  to  shorten 
the  vertical  conducting  part  of  the  wire ;  and  in  the 
second  case,  it  is  only  necessary  to  slide  up  the  com- 
pass to  different  distances,  which  may  be  done  so 
quickly  that  it  will  not  be  necessary  even  to  have 
recourse  to  the  standard  compass. 
-  It  is  fortunate  also  that  the  calculation  here  alluded 
to,  is  of  the  simplest  kind.  For  denoting  the  length 
of  the  wire  by  9  I,  and  the  distance  of  the  compass  by 
d ;  assuming  also  x  as  any  variable  length,  the  cor- 
responding elementary  action  at  this  distance  will  be 


<i«  +  x 


',  and  the  sum  of  these  actions  will  be 


/ 


X  I  X 

,«  7i  =  -T  <^^c  tan  —r 

d«  -h  x«        d  d 


which  vanishes  when  x  vanishes  3  and  which  there- 
fore when  X  =il,  and  the  two  lengths  are  included, 
becomes 

-r  arc  tan  -r 
a  d 
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consequently  il  we  denote  the  deviation,  as  we  have 
done  above  by  A  we  ought  to  find  this  force  vary 
inversely  as  tan  A  or 

cot  A  I—  arc  lan  --pf  =  a  constant  quantity. 

The  following  are  a  few  out  of  numerous  experi- 
ments of  this  kind  which  the  author  made  and  which 
were  all  found  equally  satisfactory. 

Experiments  io  determine  tke  magnetic  deviatioH 
caused  by  a  gahanic  vertical  wire  at  d'^erent  distances. 
Length  of  vertiad  wire  36  indies. 


]>CTfaukm 

Distance  of  the 
nther  compatt 
from  the  wire. 

Mcui« 

detiatioo, 
A 

Value  of 
.  A 

Constant 
product* 
A  cot  A 

•      / 
25     0 
Ditto 
Ditto 
DUto 

12  inches 
8  ditto 
6  ditto 
4  ditto 

I     il 
11     15 
16    30 
26    30 

18-772 
34-100 
47-712 
77-500 

Mean.. 

190880 
171432 
161062 
154440 

164728 

*  Tliat  is,  the  mean  of  two  observations  at  each  station  of 
the  compass ;  the  contact  being  changed.  The  same  is  to  be 
xmderstood  (^  the  deviation  with  the  standard  compass. 

When  it  is  considered  that  these  observations  were 
made  on  a  compass  needle  only  one  inch  in  length, 
and  that  the  divisions  extended  only  to  quarter  points; 
it  is  impossible  to  expect  a  closer  approximation.  The 
needle  and  card,  however,  beuig  delicately  suspended, 
and  the  latter  very  distinctly  divided,  the  observations 
might  be  depended  upon  to  the  nearest  degree ;  for 
l>y  means  of  a  strong  magnifying  power  the  observer 
could  always  bisect  and  trisect  the  quarter  points 
without  any  very  sensible  error. 

Experiments  to  determine  the  magnetic  deviation  caused 
hy  a  vertical  galvanic  wire ;  the  length  being  varied,  but 
the  distance  constantly  9  inches. 


nenatUm 
by«taiKiard 

Ungthof 
Tertical  wire. 

Obserrrd 

deviation, 

»  A 

Value  of 

-arc  tan- 

»  A 

Constant 
product, 
A  cot  A 

• 

36  inches 
24  ditto 
16  ditto 
12  ditto 

18     16 

12      0 

8    25 

63-450 
63-133 
41-633 
33-683 

Mean.. 

15318 
16097 
19557 
22764 

18220 

*  The  standard  compass  cannot  be  used  in  these  experiments, 
becanse  the  wire  by  which  it  is  deflected  is  necessarily  shortened 
with  that  on  which  the  observations  are  made. 

These  results  (except  the  last)  although  not  so 
uniform  as  the  above  will  be  found,  notwithstanding 
as  nearly  so  as  we  have  any  reason  to  expect,  parti- 
cularly as  the  standard  compass  could  not  be  employed. 

Mr.  Barlow,  however,  is  inclined  to  attribute  the 
discrepance  between  the  observed  deviation  and  the 
computed,  as  the  vertical  wire  shortens,  to  the  ap- 
proach of  the  horizontal  wire,  which  has  a  tendency 
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to  increase  or  decrease  the  directive  power  of  the  Progress  of 
needle,  according    to  the  pole  with  which   the  wire  I>i»covcry. 
is  connected,  (as  will  be  seen  as  we  proceed,)  and ' 
thereby  rendering  the  action  of  the  vertical  wire  more 
or  less  effective,    according  to  the   circumstances  of 
the  connection.     (See  art.  51.) 

47.  Having  thus  fer  verified  his  hypothesis  by 
experiment,  he  next  proceeds  to  the  consideration  of 
the  deviation  in  diff'erent  azimuths. 

Let  Z  (fig.  12,)  represent  the  horizontal  section  of  Pig*  12. 
a  vertical  wire  proceeding  from  the  zinc  end  of  the  Deviations 
battery  downwards,  0  a  particle  of  the  magnetic  fluid  itt  different 
whose  natural  direction  is  in  n  s,  join  Z  0,  and  draw  *"™'*^"*' 
r  t   perpendicular  to  Z  o;   then,   according    to  the 
hypothesis,  the  direction  of  the  force  excited  by  the 
wire  Z,  will  be  in  the  line  r  t.    Now  the  intensity  of 
this  force  to  turn  the  particle  about  0,  will  vary  as 
sin  Z  ^  0  n,  or  as  cos  S  Z  0,  and  its  intensity  in  the 
line  n  s,  will  vary  as  sin  S  Z  0,  which  latter  force  will 
be  additive  to  the  directive  power  of  the  terrestrial 
magnetism.     Let  the  latter  force  on  the  horizontal 
needle  be  called  m,  and  the  galvanic  force  in  r  /  =  /, 
also  the  angle  S  Z  0  =  0,  S  being  the  south  point  of 
the  horizon. 

Then  the  particle  0,  will  be  urged  by  the  two  rect- 
angular forces, 

m  H-/sin  0  in  the  direction  n  s 

/cos  0  in  the  direction  perpendicular  to  n  s, 
consequently,  denoting  the  angle  of  the  .resultant, 
or  the  deviation  of  the  particle  from  the  line  n  s 
by  8,  we  shall  have  from  the  known  principle  of 
forces 


tan  2  : 


ment. 


wj  -f  /  sin  0 

Let  A  denote  the  deviation  of  the  needle  at  the  south 
pointy  then,  from  what  has  been  already  demon- 
strated (equation  1) 

/=  m  tan  ^ 
which  being  substituted  for  /  in  the  above  equation* 
reduces  it  immediately  to 

cos  d> 
tana=:      ,       ^    .  ■  ,  (3) 

cot  ^+  sin  tp 

From  which  equation  (the  deviation  ^  being  sup- 
posed known)  the  deviation  B  at  every  other  azimuth 
may  be  computed. 

48.  This  formula  is  as  comprehensive  as  it  is  sim-  Formula  3 
pie,  and  indicates  by  the  changes    of  the  signs  in  compared 
sin  0  and  cos  0,  a  variety  of  cases,  the  whole  of  which  ^^^^  **P*" 
the.  author  most  satisfactorily  confirmed  by  experi-  "*'"* 
ments.     These  may  be  stated  as  follow: 

First,  cot  ^  may  be  greater,  equal  to,  or  less 
than  unity,  accordingly  as  the^  observed  deviation 
at  the  south  is  less,  equal  to,  or  greater  than  four 
points,  or  45°.  This  consideration  leads  to  three 
distinct  cases. 

Casb  I.  when  cot  A  7  !• 

Here  the  denominator  of  the  formula  is  neces- 
sarily positive  throughout  the  circle.  In  the  first 
quadrant  of  which,  sin  0  and  cos  0  being  both  posi- 
tive, tan  B  is  also  positive,  and  the  deviation  is  all 
one  way. 

2.  When  0  =  90°,  cos  0=0;  and  tan  B,=z  O; 
there  is  therefore  no  deviation  at  the  east  point. 

3.  In  the  second  quadrant,  cos  0  is  negative,  as  is 

D 
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Electro-  also  tan  5  -,  the  deviation  is  therefore  now  the  eon- 
Magnetism  trary  ,;,^y^  [jut  it  is  the  same  in  quantity  in  all  eqtii- 
^    ~        "  distant  situations  north  or  south  of  the  east. 

4.  At  the  north  pointy  sin  0  =  0,  cos  0  sis  —  1, 
and  we  have 

tan  8  =  —  tan  j\ 

the  deviation  b  therefore  the  same  as  at  the  south, 
hut  in  an  opposite  direction. 

6.  In  the  third  quadrant,  cos  0  is  still  negative^  as 
in  the  second,  but  sin  0  is  also  negative,  and  therefore 
the  deviation,  although  of  the  same  kind  in  direction 
as  in  the  second  qusuirant,  is  greater  in  its  amount, 
the  denominator  being  less. 

6.  At  the  west,  the  cos  0  vanishes,  tan  B  becomes 
leero,  and  the  needle  again  resumes  its  natural  direc- 
tion. 

7.  In  the  fourth  quadrant,  cos  0  again  becoines 
{lositive,  the  deviation  changes  in  its  quality,  but  is 
the  same  in  quantity  as  in  the  third  quadrant. 

Case  II.  when  cot  ^  =:  1. 

8.  Here  the  results  are  precisely  the  same  in  the 
four  quadrants  with  respect  to  direction,  as  in  those 
above  explained  3  except  that  at  the  west  point,  where 
sin  0  and  cot  ^  being  each  equal  to  unity,  and 
with  contrary  signs,  the  denominator  vanishes  with 
the  numerator,  and  the  needle  is  indifferent  to  any 
direction. 

Casb  III.  when  cot  ^  Z  1. 

9.  Here  in  the  first  two  quadrants  the  deviation 
has  the  same  character  as  in  the  preceding  cases. 
But  in  the  third  quadrant,  the  denominator  of  the 
fraction  vanishes  before  the  needle  reaches  the  west 
point,  tan  5  becomes  infinite,  and  the  deviation  is  9(f} 
that  is,  the  needle  will  stand  east  and  west, 

10.  For  the  remainder  of  this  quadrant,  tan  B  is 
fhu,  and  the  character  of  the  deviation  changes,  till 
at  the  west  point  the  needle  as  found  inverted. 

11.  From  this  point  cos  0  becomes  positive,  but 
the  denominator  being  negative,  tan  6  is  negative, 
and  remains  so  till  it  becomes  infinitely  negative, 
as  on  the  other  side  of  the  west,  aind  the  deviation 
k  870**. 

12.  Lastly,  from  this  point  to  the  south,  the  de^ 
nominator  is  positive,  and  tan  B  has  the  same  sign  as 
at  first,  and  at  the  south  point  resumes  its  original 
deviation,  provided  the  intensity  of  the  battery  has 
been  preserved  constant. 

To  illustrate  this  last  case  by  an  example,  let  us 
suppose  that  the  deviation  at  the  south  point  is 
greater  than  45°,  as  for  instance  50^,  then  since  cot 
50°t=  a63909,  and  sin  (180°  +  57°  2')  =  -  0*83914^ 
the  denominator  will  vanish  when  the  compass  is 
placed  57°  from  the  north  towards  the  west  5  the 
tan  B  is  therefore  infinite,  or  the  needle  will  at  this 
place  stand  east  and  west.  .       ^ 

Proceeding  on  towards  the  west,  the  deviation  will 
hicrease  more  and  more  till,  at  the  west  point  itself, 
the  needle  will  be  found  inverted.  At  57°  from  the 
south,  or  33*  from  the  west  towards  the  south,  the 
denominator  again  vanishes,  and  the  needle  stands 
west  and  eaSt  j  from  which  position  the  deviation 
decreasfes  tUl  it  becomes  50°  again  at  the  south  point 
Iks  at  first. 


Hence  it  appears  that  in  passing  tbe  index  which  Progroo 
^rries  the  compass  from  the  position  west  S3°  N.  to  I^is€ov« 
west  33°  S.,  that  is  through  66^  only,    the   needle  ^^-""V 
ought  to   make  a  complete   semi-revolution  on   its 
pivot  j  whereas  if  we  pass  the  index  the  other  way, 
vi^.    through    the  north,   east  and  south,  we   must 
move  it  through  994°  to  produce  the   same  motion 
in  the  needle.    A  single  trial  will   show  how  cor^ 
rectly  this    theoretical  deduction    accords  with  ex/^ 
periment. 

In  the  above  case  the  needle  makes  a  complete 
revolution  on  its  pivot  while  it  is  carried  round  the 
wire  J  but  this  will  not  happen  if  the  deviation  at 
the  south  be  less  than  45".  Let  us,  for  example, 
suppose  it  to  be  40°}  then  cot  40®=  119175,  and 
sin  0  is  never  greater  than  +  1,  or  less  than  —  1  j 
consequently  the  denominator  will  not  become  zero» 
In  this  case  the  deviation  will  be  the  greatest  when 

cos  0  .  . 

-r-Q r-:r  is  a  maxmium, 

cot  40°  +  sm  0 

which  happens  when  sin  0  =  —  tan  40^,  vmb.  at  33° 
from  the  west  towards  the  north  and  south  5  but  ill 
passing  the  index  through  this  arc,  the  north  point  of 
the  needle  will  not,  as  in  the  former  instance,  pass 
through  the  south,  but  will  fall  back  towards  the 
north,  passing  through  it  as  the  index  passes  through 
the  west.  Here  again  the  theory  is  most  satisfactorily 
confirmed  by  observation. 

It  is  proper,  however,  to  caution  the  reader  that  to 
ensure  success  in  these  experiments,  it  is  necessary 
to  have  a  short  needle,  and  to  work  at  as  great  a  dis- 
tance from  the  wire  as  the  power  of  the  battery  will 
allow  of;  because  the  above  deductions  have  been 
made  by  supposing  the  length  of  the  needle  incon- 
siderable in  comparison  with  the  distance  and  length 
of  the  wire. 

The  following  is  one  series  of  numerical  results 
derived  from  the  preceding  formula,  with  the  cor- 
responding observations. 

Experknents  on  the  deviation  of  the  needle  caused  by  Table  oi 
a  vertical  galvanic  wire  at  different  azimuths,  the  dewa-  numeric 
tion  at  the  south  point  being  16°  30^,  and  the  standard  «^««««»- 
compass  showing  always  25°. 


. 

The  samf 

Value  of 

as  tibserv- 

Azimuths. 

Uui8  -> 
cos  ^ 

Correspond- 
ing angle  of 
deviation. 

deviation. 

edin 
points 

and 
quarter 

cot  A 

+  sin  <p 

points. 

_ 

•     / 

0       / 

p.  qp. 

South  E. 

+ 

•296 

+  16  30 

+  16  .30 

S.  2  points  £. 

+ 

•245 

+  13  46 

+  14     4 

1      1 

S.  4  points  E. 

f- 

•173 

+   9  49 

+   8  26 

0     3 

S.  6  points  E. 

+ 

•089 

+   56 

+   5  37 

0     2 

East 

000 

0    0 

0    0 

0     0 

N.  4  points  £. 

-. 

•089 

-  5    6 

-  5  37 

0    2' 

N.  4  points  E. 

— 

•17,'^ 

-  9  49 

-  8  26 

0    3 

N.  2  points  E. 

-. 
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49»  Although  the  aberrations  in  these  reiitlta  are 
greater  tbnfi  could  be  fuimttted  in  experiraenU  whieh 
alloweil  of  more  actur.Ue  means  of  observation ,  yet 
th^y  are  such  as  may  be  adduced  as  a  confirmation  of 
the  hypothesis  thathn*  been  advanced. 

It  loay  be  proper  here  to  observe,  that  the  sign 
of  plus  or  minu9  prefixed  to  the  angle  of  deviation, 
is  wholly  arbitrary.  We  have  called  it  plus  when 
tbe  deviation  is  easterly,  and  minus  when  it  is 
westerly. 

This  sign  however  being  thus  fixed,  it  is  necessary 
to  irivc  an  indication  of  the  course  of  the  needle  as 
it  Is  affected  by  the  galvanic  wire,  which  at  present 
lass  only  been  stated  in  g'eneral  terms ;  viz.  that  it 
bas  a  tendency  to  arrange  itself  at  right  angles  to 
thm  line  joining  the  nearest  point  of  the  wire  and  its 
axis. 

To  conceive  this  effect  more  particularly,  the  au- 
tbor  directs  that  the  reader  should  consider  himself 
09  m  part  of  the  galvanic  circuit,  or  coinciding  in 
position  with  it,  having  his  head  towards  the  zinc 
cmd  of  the  battery,  and  his  face  to  the  needle  ^  then 
Hie  effiect  will  be  to  carry  the  north  end  of  the  needle 
|lbiced  before  htm  always  to  his  lei^  hand,  when  the 
consists  as  in  this  case  of  a  simple  corabi- 
of  two  plates  5  it  is  the  reverse  with  a  compound 
battery. 

Tills  is  in  all  cases  sufBcient  to  remember,  because 
it  necessarily  implies  that  the  south  end  is  carried  to 
the  right,  and  that  if  the  wire  proceed  from  the 
other  extremit}^  of  the  battery,  the  observer's  direc- 
ticMi  will  be  reversed,  as  will  also  the  motion  of  the 
needle^  and  the  signs  of  the  angles  of  deviation. 

50.  We  have  at  present  shown  no  other  application 
ai  the  standard  compass  than  that  of  its  indicating 
an  UQiformity  of  power  in  the  battery  at  the  time  of 
registering  the  observation  3  it  may,  however,  be 
«qaaUy  useful  in  other  cases.  For  example,  let  us 
0ii|ipdse  it  to  be  placed  (as  in  the  experiments  re- 
ported above)  to  the  north  of  the  wire,  and  let  its 
deriation  at  any  given  intensity  of  the  battery  be  D, 
'while  that  of  the  other  compass  at  the  north  or  south 
is  A,  and  let  its  deviation  with  a  different  intensity 
be  jy,  and  the  corresponding  deviation  with  the  other 
compass  be  ^' ;  then  it  is  obvious  from  what  has 
been  stated,  that 

tan  D  :  tan  A  : :  tan  W  :  tan  /^ 

consequently,  if  the  power  of  the  battery  between 
any  two  obbcrvations  is  such  as  to  alter  the  deviation 
of  tbe  standard  compass  from  D  to  IV,  that  of  the 
piincipal  compass  will  be  found  from  the  equation 

.      tan  A  tan  D' 

tan  A  =  -  — — h 

"  tan  D 

We  have  therefore  only  to  introduce  this  value  of 
tiui  A  ^^^^  ^^^  general  equation, 

cos  0 


tan  ^  — 


vhich  will  thus  become 
tan  5  =j 


cot  a'  +  8^*1  0' 
cos  0 


tanD 


*     ,-?+  sin  0 
tan  A  tan  I>^ 

a  formula  which  13  applicable  to  all  degrees  of  in- 
tensity. 


51.  Let  us  now  examine  the  circumstances  attend-  fro^csaof 
ing  the  deviations  caused  by  a  horizontal  wire  placed  I^iacovtiry. 
in  the  magnetic  meridian.  "^"^"V"*^ 

In  this  case  conceive  SENW  (fig,  1.^)   to  rep  re-  Fig.  13* 
sent  a  vertical  circle  in  the  plane  of  the  section  of  „« 
the  wire,  and   corresponding  with   its   middle  point,  ^f  ^  j^^^^i^ 
E  and  W  being  its  east  and  west  points.     Let  o  be  a  zontnl 
magnetic  particle  or  a  horizontal  needle^  the  direc-  needle 
tion  of  which  is  perpendicular  to  the  plane   SENW,  examined. 
Let  the  force  in  the  line  r  ^  be  denoted  by/ as  before, 
and  call  the  angle  S  Z  o  =  0'.     Resolve  /  into  the 
two  rectangle  forces,  /sin  0',  /cos  0^}  the  former 
of   which    being  perpendicular  to  the  horizon  will 
only  affect  the  inclination  of  the  needle  ;  but  the  other 
force,  /  cos  0^,  being  horizontal,  and  in  an  east  and 
west  plane,  will  be  wholly  effective  in  producing  its 
deviation. 

Let  A  ^>e  the  deviation  at  S,  which  will  be  the 
same  whether  the  wire  be  horizontal  or  vertical,  be- 
cause in  both  cases  the  tangential  force  is  horizontal 
and  perpendicular  to  the  needle. 

Consequently,  as  in  the  former  case, 
f  =  m  tan  a 
and  our  two  forces  become 

m  tan  a  cos  0^,  in  the  horizontal  plane, 
m  tan  a  ^i"  ^*  ^^  the  vertical  plane  j 
the  former,  as  we  have  seen,   is  the  only  one  which 
affects  the  bearing  of  the  needle^  and  is  therefore  the 
only  one  we  have  to  examine. 

From  this  we  obtain, 

VI  tan  A  cos  0' 
tan  6  = = ^  tan  A  «^os  0': 

and  hence  we  learn*  that  as  the  compass  is  carried 

round  the  wire  in  a  vertical  circle,  the  tangent  of  the  

deviation  of  the  needle  will  vary  as  the  cosine  of  the 
angle  S  Z  0. 

This  cosine  being  zero  at  the  east  point,*  the 
tangent  5  vanishes  and  the  needle  stands  in  its  natu* 
ral  direction,  but  will  be  inclined  downwards  by  the 
force 

tan  A  »iii  0^* 
Beyond  the  east  point  cos  0^  becomes  negative,  the 
sign  of  tan  6  changes,  and  consequently  the  deviation 
is  now  the  contrary  way.  At  N,  cos  0  =  —  I,  and 
tan  5  =  ^  tan  a^  ^^  ^lo^vc  therefore  here  the  same 
deviation  as  at  first,  but  in  an  opposite  direction. 

In  the  next  or  third  quadrant,  cos  0^  is  still  ne- 
gative, and  the  deviation  h  the  same  both  in  quantity 
and  direction  as  in  the  second  quadrant.  At  the  west 
point  cos  0^  again  vanishes,  and  the  needle  returns 
to  its  proper  direction.  In  the  fourth  quadrant  cos 
0'  is  positive,  and  the  deviation  is  the  same  both  In 
quantity  and  direction  as  in  the  first  quadrant.  There 
is  not  therefore  in  this  case  the  same  kind  of  anoma- 
lous deviation  which  takes  place  in  the  vertical  wire. 

The  other  force  tan  A  si"  0>  which  affects  the 
needless  inclination,  is  greater  at  the  east  and  west 
points  j^  it  is  nothing  in  the  zenith  and  nadir,  and 
in  all  intermediate  positions  it  varies  as  the  sin  0, 
All  these  deductions  are  perfectly  consistent  with  the 
general  character  of  the  observations  of  Mr.  Oersted, 
and  other  experimenters. 

•  hy  the  cast  point  m  meant  tUat  point  in  ilic  circle  which 
iR  Ui  the  east  of  tlie  wire,  and  ia  tlie  a^me  liorlzcntal  lAme 
with   it. 
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ELECTRO- MAGNETISM. 


General 
remarks. 


Electro-  It  was  at  first  asserted  by  Mr.  Oersted  that  a  lio- 
M^nctism  rizontal  wire  arranged  east  and  west  had  no  power 
'^  '  on  the  needle^  except  to  disturb  its  inclination.     But 

it  ought  obviously^  according  to  the  above  theory,  to 
produce  the  same  anomalous  action  as  the  vertical 
wire  in  the  case  where  cot  ^  is  equal  to  or  less  than 
unity  ;  because  then  the  galvanic  force  being  equal 
.to,  or  exceeding  the  terrestrial  directive  force,  it 
ought,  when  the  two  are  opposite,  to  reverse  the 
direction  of  the  needle  :  and  this  will  be  found  to 
be  the  case  by  applying  the  latter  above  the  upper, 
or  below  the  lower  horizontal  wire,  when  the  former 
is  connected  with  the  zinc  end  of  the  battery,  and 
the  reverse  with  the  opposite  connection  ;  it  was, 
doubtless^  the  weakness  of  Mr.  Oersted's  machine 
that  prevented  him  from  noticing  this  action  in  the 
first  mstance.  It  is  this  effect  to  weaken  or  reverse 
the' direction  of  the  needle  that  we  have  alluded  to 
in  art.  46. 

52.  We  might  now  proceed  to  a  variety  of  other 
investigations  for  different  directions  of  the  wire,  or 
even  generally  for  every  possible  direction,  and  for  a 
needle  freely  suspended  and  susceptible  of  motion  in 
all  directions  ;  but  as  it  would  be  difficult  to  submit 
the  results  to  the  test  of  numerical  experiments,  it 
would  be  useless  to  proceed  with  the  investigjition, 
as  our  results  are  necessarily  only  approximative  j 
because  we  have  throughout  supposed  the  needle 
indefinitely  short  in  comparison  with  the  distance  and 
length  of  the  wire ;  but  by  this  means  the  subject  has 
been  rendered  perfectly  intelligible  to  every  one; 
whereas  had  we  taken  the  actual  case  of  the  reciprocal 
action  of  every  particle  of  the  fluid  in  the  wire  upon 
every  particle  in  the  needle,  and  had  been  able  to 
complete  the  investigation,  it  could  only  have  been 
understood  by  a  few  mathematicians  3  at  the  same 
time  the  minute  corrections  thus  introduced  would 
not  have  been  appreciable  in  the  comparison  of  the 
results  with  experiments ;  these  latter  being  neces- 
sarily both  liable  to  small  irregularities  and  diflS^cult 
to  observe. 

It  may  ab«o  be  observed,  that  we  have  hitherto  sup- 
posed only  one  species  of  action  in  the  galvanic  wire; 
but  it  is  highly  probable  that  it  is  compound,  and 
that  while  the  north  end,  of  the  needle  is  carried  in 
one  direction,  by  the  action  we  have  supposed,  the 
south  end  is  carried  in  an  opposite  direction ;  not 
merely  as  a  consequence  of  the  first  force,  but  by  a 
distinct  power.  This  will  not,  however,  in  any  respect 
affect  our  investigation ;  because  both  forces  lead  to 
similar  results. 

We  have  seen  a  precisely  analogous  instance  in 
our  investigation  of  the  laws  of  induced  magnetism, 
where  it  appears  that  we  obtain  exactly  the  same 
results,  whether  the  magnetic  fluid  is  considered 
as  simple,  and  acting  equally  on  each  extremity  of 
the  needle,  or  as  compound,  and  acting  recipro- 
cally on  both;  and  it  was  only  for  the  sake  of 
certain  analogies,  (explained  in  our  section  on  Terres- 
trial Magnetism,)  which  the  author  was  desirous  of 
preserving,  that  he  was  induced  to  adopt  the  latter 
hypothesis.  Similar  reasons  may  also  render  it 
necessary,  in  this  case,  to  admit  the  existence  of 
a  compound  action  in  the  galvanic  wire  ;  but  which, 
as  we  have  already  stated,  will  in  no  respect  affect  the 
preceding  investigations. 


We  are  well  aware  of  the  difficulty  of  conceiving  ProgreM 
the  mechanical  principles  by  which  such  a  tangential  l^i»co^o 
force,  as  is  here  assumed,  can  operate ;  but  on  the       '^ 
other  hand  it  must  be  conceded,  that  the  simple  power   ^^ 
of  attraction  is  equally  difficult  to  conceive,  and  that  Magncti 
we  admit  it,  not  from  having  any  idea  of  the  modus  V-»-v^^ 
operandi,  but  because  we  find  that  it  leads  to  results 
that  are  consistent  with  actual  observations ;  and  we 
have  endeavoured  to  show,  in  the  preceding  pages^ 
that  the  force  we  have  assumed  is   admissible   upon 
precisely    the    same   ground.      Barlow's    Essay    on 
Magnetic  Attractions,  Sfc. 

53.  These  experiments  furnish  one  striking  fact, 
which  must  not  be  lost  sight  of,  in  forming  a  theory 
of  electro-magnetism;  they  prove,  incontestably, 
that  to  whatever  mechanical  principle  the  electro- 
magnetic action  may  be  referred,  the  result  of  that, 
action  is  a  tangential  force,  which,  between  particle 
and  particle,  varies  inversely  as  the  square  of  the  dis- 
tance, and  if  nothing  more  is  ever  known  of  this  prin-: 
ciple,  we  shall  be,  perhaps,  as  well  informed  on  this,- 
as  we  are  on  most  other  physical  subjects.  What 
more  do  we  know  of  the  nature  of  gravitation,  or 
universal  attraction,  or  of  simple  electric  and  magnetic 
forces  ?  In  these,  and  in  various  other  physical  sub- 
jects, we  are  content  to  find  the  mathematical  laws, 
witliout  making  useless  inquiries  concerning  first 
causes  ;  and  it  is  highly  probable,  that  aftet-  all  that 
has  been  or  may  be  written  on  the  present  subject, 
we  shall  be  obliged  to  stop  at  the  same  point,  and 
to  leave  the  first  cause  as  a  matter  too  subtle  for  our 
comprehensions.  At  all  events,  we  know  that  two 
currents  of  electricity  in  motion,  impress  by  their 
mutual  action  a  force  differing  very  essentially  from 
those  commonly  considered  as  electric,  and  which 
affects  the  magnetic  needle  according  to  the  laws 
which  have  been  stated  in  the  leading  articles 
of  this  section. 


§  III.    Thermo  Electric-Magnetism^ 
1.  Professor  Seehaclcs  experiments, 

54.  The  advances  that  had  now  been  made,  seemed 
to  have  nearly  exhausted  the  subject,  and  to  have  Profegsoi 
elicited  all  the  principle  facts  connected  with  the  SeebacW 
science  of  electro-magnetism ;  it  had  been  demon-  exp*ri- 
strated  by  what  had  been  already  done,  that  magnetism  ^'"**' 
was  produced  whenever  a  current  of  electricity  was 
made  to  pass  through  any  conducting  bodv,  and  some 
of  the  conditions  and  laws  relative  to  the/magnitude, 
length,  temperature,  &c.,  had  been  investigated  by 
Sir  H.  Davy  and  Professor  Cumming  ;  the  mathemat- 
ical laws  of  this  action  had  been  satisfactorily  deve- 
loped by  Mr.  Barlow ;  Mr.  Oersted  and  M.  Ampere, 
had  each  laid  down  a  theory,  which,  whether  either 
of  them  were  fully  competent  or  not,  to  meet  all  the 
facts,  served  to  generalize  the  greater  number  of  them, 
and  to  reduce  the  action  of  magnets,  and  that  of  gal- 
vanic currents,  to  one  general  principle.  But  a  new 
field  was  now  opened  to  philosophical  investigation, 
by  the  discoveries  of  Professor  Seeback.  This  philo- 
sopher, a  Member  of  the  Academy  of  Berlin,  discovered 
that  an  electric  circuit  may  be  established  in  metals, 
without  the  interposition  of  any  liquid.  The  electric 
current  is  here  established  by  merely  disturbing  the 
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ec|QiIibrtutii  of  temperature.  The  apparatus  for  ex- 
hibttin^  this  action  is  very  simple,  beinj;  formed  of 
two  ar^  of  dilTerent  metiils  soldered  together  at  the 
two  cxircuiitie^,  so  as  to  form  a  eircle,  or  any  other 
figure,  as  a  rectangle,  square,  &c.  The  heat  thea 
being'  applied  at  one  of  the  points  of  union,  and  the 
oia^etic  needle  placed  within  the  splice  included  by 
the  electric  conductor,  it  is  acted  upon  in  a  mauner 
stftmg-ly  reseiiibling  that  which  we  have  already  de- 
scribed in  the  cose  of  hydro-electric  currents,  but 
not  nlways  in  the  same  direction*  We  have  not  been 
able  to  meet  with  any  particular  details  of  the  first 
triftls,  and  subsequent  experiments  of  this  ingenious 
pbiloisopher,  except  so  far  as  they  have  been  described 
in  the  account  pven  of  the  repetition  and  extension 
of  tliem  by  Professor  Moll,  of  Utrecht ;  wc  shall 
tberefore  copy  this  series  of  experiments  as  they  were 
communicated  by  letter  to  the  writer  of  thi^  article,  and 
as  they  appeared  in  the  Etimhurgk  Fhiiosophiail  Journal, 
N'o,  xvii-,  and  the  reader  will  perceive  how  far  Pro- 
lessor  Sceback  led  the  way.  and  to  what  Icng'th  the 
results  have  been  extended  by  the  Utrecht  Professor 

^.  Jtepetition  and  extension  of  the  experiments  of  Pro* 
fiasM  Steback,  oy  Baron  Van  Zittjlen,  Dr,  Fan  Meek,  and 
Rr^ftuor  G.  Moll 

5S*  Professor  Moll  begins  by  observing,  that  **  It 
was  stated  some  time  ago,  by  Professor  Seehack,  in 
■  iotne  of  the  French  and  German  scientific  joiirnals, 
thmi  antimony,  brought  into  proper  contact  with  ano- 
ther metal,  and  untquaihj  heated,  would  cause  tbe 
magnetic  needle  to  deviate  from  its  meridian,  Witb 
a  ^iew  to  ascertain  this  fact,  and  to  investigate  whether 
this  property  was  restricted  to  antimony,  or  extended 
to  other  metals,  the  following  experiments  were 
made. 

I,  "  A  parallelo piped  of  antimony  was  procured, 
abotil  fifteen  inches  long,  and  one  inch  square.  This 
bar  was  prepared  by  treating  crude  antimony  with 
sulphate  of  potash  and  tartrate  of  potash.  A  slip  of 
copper  was  attached  to  both  ends  of  the  antimony, 
and  bent,  as  fig.  14  indicates.  It  was  kept  in  close 
contact  with  the  antimony,  by  means  of  copper  rings, 
tlTiis  bar  was  laid  in  the  direction  of  the  magnetic 
leridian,  A  needle  was  placed  on  the  antimony,  as 
I  liio^^  in  the  figure,  and  the  ends  N  and  S  of  the  bar 
«re  successively  heated  by  a  spirit  lamp.  HTien  the 
'  liecit  was  thuft  applied  to  the  south  end  S,  the  magnetic 
needle  immediately  and  strongly  deviated  to  the  east. 
The  extent  of  this  deviation  dejiends  on  the  length, 
xnobility,  and  strength  of  the  needle.  We  have  seen 
It  as  much  as  G(f.  When  the  heat  spreads  more 
unifarmly  through  the  metal  the  <ievintion  decreases, 
and  the  needle  gradually  returns  to  the  magnetic 
mertdinn. 

'*  Supposing  the  deviation  to  the  east  at  his  mat- 
tmum,  the  lamp  burning  under  the  end  5,  facing  the 
south,  if  then  it  be  removed  and  placed  under  the 
end  N,  the  deviation  to  the  emi  will  decrease,  and  it 
will  change  into  a  deviation  to  the  west. 

**  In  general,  if  the  heat  be  applied  under  the  north 
end  of  the  bar,  the  needle  will  deviate  to  the  west. 

9,,  "  It  was  then  proposed  to  try  whether  cooling 
ooe  end  of  the  bar  would  prodnce  the  same  effect  as 
heating  the  other,  and  the  apparatus  was  disposed  as 
ia    fig.  15.     The  end  N  was  cooled  in  some  frigoritic 


mixture,  whilst  the  end  S  was  kept  in  the  hand.    The    Tliermo 
needle  deviated  to   the  east,  but,   of  course,  not  so     l^'^^^'^tnc- 
strongly  as  w^hen  the  diflFcrence  of  temperature  of  the  J*^"^^^ 
ends  if  produced  by  heating  one  end  of  them.        ^        ^**^ 

3.  "  The  apparatus  was  then  replaced  as  in  the  first 
experiment,  and  both  ends  heated  by  a  spirit  lamp. 
No  deviation  was  observed  ;  on  removing  the  lamp 
under  the  ioii^ ft  end,  the  deviation  was  to  the  west ;  and 
on  removing  the  lamp  under  the  north  end,  that  under 
the  south  remaining,  the  deviation  was  easterly. 

4.  **  Two  bars  of  antimony  were  used,    and  the 
needle  placed  between   them,  as  shown  in  fig.    I7.  Fig*  17. 
If  both  the  ends  N  and  N'  were  heated,  the  needle 
placed  in  c  did  not  deviate.    If  the  ends  N  and  S'  were 
heated,  the  needle  deviated  to  the  west.     If  S  and  N' 

were  heated,  the  deviation  was  to  the  cast, 

5.  "In  this  experiment,  both  ends  of  the  bar  of 
antimony  were  connected,  not  by  copper  but  by  zinc, 

as  in  fig.  14.  The  bent  slip  of  zinc  was  fastened  to  Fig,  H* 
the  antimony  by  rings  of  the  former  metal.  In  order 
to  make  the  experiment  succeed,  the  oxide  must  he 
carefully  removed  from  the  place  where  both  metals 
are  in  contact.  If  the  end  of  the  bar  of  antimony 
turned  to  the  north,  is  heated,  the  deviation  of  the 
needle  is  westward^  but  much  less  thim  when  the  con- 
junctive slip  is  copper.  By  these  experiments,  Professor 
Seeback's  statement  is,  we  presume,  fully  confirmed* 

6.  *'  It  then  became  necessary  to  inquire,  whether 
antimony  alone  would  act  in  this  manner  on  the 
needle,  or  whether  any  other  two  metals,  joined  in 
the  same  manner,  wouh!  produce  similar  ctTccts. 
After  some  trials,  the  following  apparatus  was  adopted. 
A  thin  slip  of  red  copper  of  tme-fourth  of  an  inch  in 
width,   and   a  similar  one  of  zinc,  were  bent,  as   in 

fig.  17,  C  D,  being  about  eight  inches  in  length.  Tiie  Fig.  17* 
ends  of  the  two  metals  were  rivet  ted  together  at  A 
and  li,  and  the  whole  placed  in  the  magnetic  meridian, 
and  a  nccdk  in  E.  A  spirit  lamp  was  applied  to  the  end 
B.  turned  to  the  north,  and  the  needle  deviated  10*^  to 
the  tvest.  If  the  whole  was  suffered  to  cool  again  to 
the  temperature  of  the  atmosphere,  and  the  lamp  was 
applied  at  A,  the  needle  would  deviate  to  the  east, 

7.  "  The  apparatus  being  inverted,  so  as  to  have 
the  zinc  above,  and  the  copper  under  the  needle,  then 
on  heating  the  part  B,  turned  to  the  north,  the  devia- 
tion was  10°  to  the  east. 

8;  "  The  experiment  was  rcpeatetl  with  silver  and 
zinc,  instead  of  copper  and  //mc,  as  in  fig.  I7. 

"  The  apparatus  being  thus  sitnatcd,  the  deviation 
was  to  tlie  east,  if  heat  was  applied  to  the  end  turned 
to  the  north  ;  and  to  the  trest,  if  applied  to  the  end 
turned  to  the  saattt. 

D,  •'  It  was  thus  evident,  that  the  property  men- 
tioned by  Professor  Seeback,  is  not  restricted  to  anti- 
mony, but  that  other  metals,  properly  diposed,  will 
produce  the  same  effect,** 

Professor  Moll  goes  on  in  his  letter  to  describe  some 
other  experiments,  hut  in  which  acids,  instead  of  heat, 
were  applied  to  produce  tlie  electrical  current ;  these 
therefore  belong  rather  to  the  hydro  electric-mag- 
netism, than  to  the  therrao  electric  ;  hut  as  several  of 
the  experiments  have  reference  to  the  results  oTjtained 
by  heat,  and  as  several  others  differ  from  the  usual 
hydro  electric  experiments  in  this,  that  only  one  metal 
is  employed,  while  it  had  always  been  hitherto  sup- 
posed that  two  metals  were  necessary,  we  are  dis- 
posed to  continue  the  series  in  this  place^  although 
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periments 
with  an 
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Fig.  18. 


Electro-    the  remainder  of  the  experiments  may  not  be  properly 
Magnetism  chLSsed  under  the  head  of  Thermo  Electrics. 

3 .  Continuation  of  Professor  MolTs  ttperiments,  in  which 
the  electro-magnetic  aUwm  is  excited,  bj^  means  of  an  acid, 
and  one  metal  only* 

56.  In  continuation  of  his  series  from  Experiment  9, 

'  above  reported,  the  PW)fe8sor  states  that  General  Van 

Zuylen  here  suggested  a  different  way  of  applying  the 

heat,  and  causing  the  deviation  of  the  needle,  in  order 

to  render  the  effects  more  striking. 

Slips  of  copper  and  zinc  were  disposed  as  in  fig.  18. 
The  two  ends  of  both  metals  were  coiled  up  together,  so 
as  to  form  a  spiral  of  several  turns.  This  spiral  was 
immersed  in  a  cup  containing  water  ;  and  the  whole 
was  placed  as  in  the  figure.  The  needle  was  set  upon 
the  zinc,  and  sulphuric  acid  was  then  poured  into  the 
ctip,  and  the  needle  deviated  to  the  westward  as  much 
as  50°,  or  60**,  and  sometimes  even  to  87°,  according 
to  its  sensibility.  It  is  remarkable,  that  in  this  case, 
the  deviation  of  the  needle  is  the  reverse  of  what  it  would 
have  been  if  the  heat  of  a  lamp  had  been  applied ;  for, 
from  the  sixth  experiment,  it  is  clear,  that  the  devia- 
tion would  have  been  to  the  east,  while,  by  using 
sulphuric  acid  and  water,  it  is  to  the  west ;  when  the 
end  turned  to  the  south  is  dipped  in  the  fluid,  the 
chemical  action  between  the  acid  and  the  metals,  inde- 
pendently of  the  heat  evolved,  having  such  a  powerful 
influence  on  the  results  of  the  experiments,  it  was 
deemed  necessary  to  inquire  whether  one  metal,  with 
ah  acid  to  act  upon  it,  would  produce  the  deviation. 
With  this  view,  a  trial  was  first  made  with  a  metal 
and  an  acid,  not  strongly  acting  on  each  other. 

10.  A  slip  of  copper,  perhaps  sixteen  or  eighteen 
inches  long,  was  then  bent,  as  in  fig.  19,  and  the 
ends  coiled  up,  and  brought  as  close  into  contact  as 
possible ;  the  whole  being,  as  usual,  disposed  in  the  ' 
magnetic  meridian,  the  needle  being  inside  the  copper, 
and  the  coil  to  the  south.  If  sulphuric  acid  is  added 
to  the  water  in  the  cup,  there  is  no  deviation  of  the 
needle  perceptible.  But  then,  if  a  bar  of  zinc  be 
immersed  in  the  fluid,  and  made  to  touch  the  copper, 
the  needle  deviates  lO*  or  12**  eastward. 

11 .  If,  instead  of  sulphuric  acid,  nitric  be  employed, 
a  deviation  of  the  needle  to  the  west  is  observable,  as 
soon  as  the  acid  is  added  to  the  water. 

12.  The  bent  slip  was  now  made  of  zinc,  in  the 
same  manner  as  it  was  made  of  copper  in  &^.  19,  as 
in  the  former  experiment.  Thfe  coil  being  turned  to 
the  south,  and  sulphuric  acid  poured  into  the  cup,  the 
effect  was  very  strange.  The  needle,  placed  as  in 
fig.  19,  first  deviated  to  the  east,  but  soon  after 
turned  to  the  west.  In  that  situation  it  remained  for 
some  minutes,  and  then  gradualljr  returned  to  the 
magnetic  meridian.  If  a  new  quantity  of  acid  be  added 
to  the  fluid,  a  subsequent  deviation  is  produced,  the 
needle  first  turning  eastward,  and  afterwards  westward. 

Whilst  this  deviation  took  place  a  bar  of  copper 
was  introduced  into  the  fluid,  and  made  to  touch  the 
zinc.  The  needle  began  irregularly  to  vacillate,  and 
actually  was  made  to  turn  round  several  times  on  its 
axis. 

13.  The  same  experiment  was  repeated,  but  the 
ends  of  the  zinc  were  made  so  as  not  to  touch  each 
other,  as  in  fig.  20.  As  soon  as  ihe  acid  is  added, 
there  is  a  slight  deviation  to  the  east,  to  which  suc- 
ceeds a  stronger  one  to  the  west.    A  bar  of  zinc  is 
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now  introduced  in  the  fluid,  and  successively  made  ta  ^Hientfi 
touch  the  ends  A  and  B.  When  this  zinc  touches  the  J^^^Sf 
end  A,  the  deviation  increases  to  the  east,  but  if  it  ■****f™ 
touched  the  end  B,  the  deviation  increases  to  the  west.  ^'^^'^^^ 
Both  ends  being  joined  by  the  zinc,  the  deviation  is 
to  the  west. 

Instead  of  a  bar  of  zinc,  another  of  copper  is  intro- 
duced, and  successively  made  to  touch  the  ends  of  the 
zinc.  If  it  touches  the  end  A,  the  deviation  is  to  the 
west  j  if  it  touches  the  end  B,  the  deviation  is  to  the 
east ;  if  both  ends  are  joined  by  the  copper,  the  needle* 
wheels  about  its  axis,  turning  first  through  the  west. 

14.  The  apparatus  was  then  so  £eur  altered,  as  to 
connect  both  ends  of  the  zinc  by  a  bar  of  copper.  This 
disposition  was  as  follows  :  the  needle  A  and  B  were 
united  by  a  bar  of  copper  C,  extending  between  them, 
as  shown  by  dotted  lines.  This  part  of  the  apparatus, 
as  in  the  preceding,  was  turned  to  the  south,  and 
dipped  in  water.  A  thermometer  proved  the  tem- 
perature of  this  water  about  56^.  When  sulphuric 
acid  was  added,  the  needle  immediately  deviated 
strongly  to  the  east;  and  as  the  temperature  ang^ 
mented  to  92^,  the  deviation  became  strongly  westerly. 

15.  Instead  of  zinc,  iron  was  now  made  use  of,  and 
a  hoop  of  three  or  four  feet  long,  two  inches  wide^ 
and  one-tenth  of  an  inch  thick,  was  bent,  as  shown  ia 

fig.  21.      The  plane  of  this  bent  hoop  was  placed  in  Fig.  21* 
the  magnetic  meridian,  and  two  needles,  one  in  C, 
and  another  in  D,  were  so  arranged  as  to  have  theiif 
directions  in  the  same  plane.     Sulphuric  acid  was  then  '^ 

poured  on  the  water  in  the  cup,  and,  instantaneously, 
the  point  of  the  needle  turned  70°  to  the  east.  Soon  V  ; 
after,  this  deviation  decreased,  and  became  as  strongly 
westerly,  and  remained  so  for  several  minutes.  It  then 
slowly  returned  to  the  magnetic  meridian  :  when  re- 
turned in  this  situation,  nitric  add  was  added  to  the 
sulphuric  acid  water  already  in  the  cup  -,  by  thestf 
means  the  deviation  became  90°  to  the  east,  and  re- 
mained so  for  a  considerable  time.  Then  >  a  lump  of 
zinc  was  thrown  in  the  acids,  and  the  easterly  deviation 
changed  to  a  westerly.  After  all  this  a  piece  of  copper 
was  introduced,  which  made  the  needle  turn  on  its 
axis.  While  the  needle  placed  in  €  was  thus  deviat- 
ing, the  other  in  D  followed  in  a  contrary  direction. 
Thus,  if  the  needle  C  deviated  to  the  east,  the  needle 
D  deviated  to  the  west.  In  general,  the  deviations  of 
the  exterior  needle  D  were  about  one  half  of  those  of 
the  interior  one  C.  If,  for  example,  C  would  deviate 
90°  to  the  east,  the  deviation  of  D  was  45°  to  the  east. 

4.  Experiments  of  Professor  Cumming.^-^Second  serves. 

57.  It  has  been  stated,  that  Professor  Seeback,  of  Professor 
Berlin,  first   discovered  that  electricity  or  electro-  Cumming 
magnetism  might  be  developed  by  heat,  but  that  we  cxpcri- 
were  not  in  possession  of  his  actual  experiments.    This  ^^^ 
seems  also  to  have  been  the  case  with  Professor  Cum-  genes, 
ming,  who  appears  to  have  had  nothing  to  guide  htm 
in  the  long  series  of  ingenious  and  important  experi- 
ments we  are  about  to  detail,  but  the  following  very 
slight  notification.     ''  Take  a  bar  of  antimony,  about 
eight  inches  long  and  half  an  inch  thick,  connect  its 
extremities  by  twisting  a  piece  of  brass  wire  round 
them,  so  as  to  form  a  loop,  each  end  of  the  bar  having 
several  coils  of  the  wire.    If  one  of  the  extremities  be 
heated  a  short  time  by  a  spirit  lamp,  electro-magnetic 
phenomena  may  be  exhibited  in  every  part  of  it.** 

This,  as  we  have  said,  was  all  the  hiijt  furnished> 
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9«lativie  to  this  new  species  of  electro -mag-net  ism,  and 
•o  i^hich  we  are  indebted  for  the  several  important 
Ibcts  developed  by  the  author,  in  his  int*moir,  pub- 
UAbed  in  the  Transactions  of  the  Camibridge  Philosophical 
StMie^  for  IS'^a. 

&S.  The  first  object  was  to  ascertain  whether  the 
coils,  described  as  being  made  about  each  end  of  the 
htiTi  were  actually  necessary,  as  in  some  other  electro- 
mag^nctic  experiments  we  have  described,  or  whether 
contact  only  was  necessary.  It  was  soon  determined 
that  the  mode  of  attaching  the  wire  to  the  bar  was 
im  mate  rial,  provided  only  that  a  good  contact  was 
obtained.  Instead  of  the  coils,  therefore,  the  wire 
wm»  attached  to  the  bar^  by  rivettitig,  solderini^,  or  by 
easting  the  bar  on  the  wire,  as  was  found  most  con- 
irenient, 

69,  The  next  inquiry  was,  is  the  effect  described 
due  only  to  antimony,  oris  it  common  to  other  metals  ? 
Xbis  query  was  answered  by  showings  that  not  only  all 
thit  meUls,  including  Auid  mercury,  but  likewise 
and  charcoal,  and  some,  at  least,  of  the 
llic  4«lpburt:ts,  possess  the  property  of  exhibiting 
m\r^  ,  r,ietism  by  heat,  di  fife  ring,  however,  both 

in  ,    and  quality.     But  before  the  reader  can 

pn>peily  comprehend  the  nature  of  the  experiments, 
fiom  which  the  author  drew  his  results,  it  will  be 
afeeftaaary  to  describe  the  instrument  which  has  been 
already  mentioned  in  art.  39,  i.e.  the  gakiinometeT,  or 
gUJUniflieope,  for  rendering  obvious  very  small  electric 
IbffOca.     This  is  represented  in  fig.  93, 

A  K  are  tubes  filled  with  mercury,  to  be  connected 
"with  the  galvanic  plates. 

A  B  C  D  E,  &c,  a  wire  placed  in  a  spiral  form  round 
^hm  compass  needle  n  s, 
r»  a  he,  def,  brass  wires  inserted  in  the  galvanascope, 
mut  carrying  the  sliding  wires  h  g,  and  e  h,  i  k^  I  m, 
the  neutralizing  magnets  attached  to  the  wires  hg, 
and  e  h ;  the  purpose  of  which  is  to  diminish  or  to 
destroy  the  terrestrial  directive  power  on  the  needle. 

^  P»  9  ''>  2^  brass  wire  inserted  in  the  galvanascope 
at  o,  carrying  a  small  magnet,  moveable  round  q  r^ 
and  employed  for  the  nicer  adjustments  of  the  needle. 

The  galvanascope  is  placed  cast  anil  west ;  the 
coDipass  needle  is  then  brought  nearly  into  the  plane 
of  the  spiral  by  the  large  magnets  i  A%  Im,  and  the 
adjustment  is  competed  by  the  small  mfignct  t  v. 

This  being  understood,  the  wires  on  which  the 
rxperiments  are  to  be  made,  are  inserted  in  the  tubes 
A,  B,  and  the  effect  is  immediately  shown,  and  may 
be  measured  by  the  deviation  of  the  needle. 

60.  A  different  form  of  this  instrument  has  been 
lately  described  in  the  Phitmophkal  Magazine  for  De^ 
oember,  18^3,  by  an  ingenious  artist,  James  Marsh. 
ll  ii  as  follows  : 

AB,  CD,  (fig.  ^4)  are  two  wooden  supports  or 
fnikns,  through  which  pass  brass  wires,  having  each 
at  Its  extremity  a  small  brass  cup  j  to  the  other 
extremity  of  each  is  attached,  by  good  contact,  the 
square  helix  cage  shown  in  the  figure ;  on  the  top  of 
the  prop  E  is  a  fine  point,  carrying  a  very  light -and 
delicate  compass  needle,  with  a  card  below  ;  F  G  is  a 
stand  fur  holding  the  bar  of  bismuth,  antimony,  or 
other  metal  ;  R  S,  and  n  w,  n' «/,  are  wires  of  a  dif- 
lierent  metal,  soldered  or  bound  round  at  the  ends  R 
ami  S.  The  set-screw  at  s,  is  for  adjusting  to  any 
height.  The  brass  cups  being  now  nibbed  w^rh  a 
Hllle  iiHrate  of  mercury^  ami  pure   mercury  being 


poured  into  them,  the  contact  is  made  or  broken  at    Thermo 
pleasure,  by  placing  the  %vires  in,  or  throwing  them  j^ij/*'^^^!^'^ 
t>ut  of  the  cups  J  and  the  effect  thus  produced  is  shown  ,  ^^^^  ^^j 
in  the  most  sensible  manner  by  the  needle  within  the  ^^^ 
cage  ;  which,  in  very  delicate  cases^  may  be  neu- 
tralized  by  the  smnll  magnets  n  s,  n  s  m  the  foot 
below,  when  the  instrument  is  placed  east  and  west, 
or  by  inserting  them  in  holes,  for  the  purpose,  in  the 
props  A  B,  C  D,  as  seen  at  p  and  9,  when  it  is  in  the 
meridian*     Then  by  applying  Uie  lamp  at  R,  then  at 
S,  changing  the  bars  and  wires,  and  the  size  of  the 
latter,  &c-,  all  the  variety  of  experiments  connected 
%vith  this  inquiry,  may  be  readily  performed. 

GL  Having  thus  explained  the  means  adopted  to  Coniinufl- 
carry  the  experiments  into  effect,  we  shall  proceed  to  \i^Q  of     ^ 
describe  them  more  at  length.     It  was  stated,  that  all  (^^^"^"/""g* 
the  different  metals  possessed  the  property  m  question,  u^gj^^s. 
bat  in  different  degrees,  and  with  opposite  characters. 
If,  for  instance,  a  bar  of  bismuth,  having  copper  wires 
at  each  end,  be  heated  at  one  extremity,  on  placing 
the  wires  in  the  mercurial  cups  of  the  galvanascope, 
the  heated  end  produces  a  deviation  of  the  compass 
needle,  in  the  same  direction  as  the  wire  from  the 
silver  disc  in  the  common  galvanic  circuit ;  w  ith  anti- 
mony it  is  the  reverse.     These  metals  niay  therefore 
so  far  be  considered  as  [jositive  and  negative  to  each  ' 

other.  On  examining  the  other  metals  with  copper 
wires.  Professor  Cmnming  found,  that  they  might  be 
distinguished  into  two  classes,  the  heated  end  of  the 
one,  and  the  cooler  end  of  the  other,  exhibiting  the 
silver  or  positive  electricity  ;  but  there  were  some 
singular  modiikations  when  other  wires  were  employed 
which  engaged  much  of  the  authors  attention,  and 
will,  we  have  no  doubt,  excite  great  interest  in  the 
minds  of  other  experimenters  in  this  novel  and  in- 
structive branch  of  philosophy.  In  detailing  these 
modifications  it  will  be  best  to  use  the  author's  owjj 
words. 

G%  "  If  the  bar  be  of  copper,  the  deviation  becomes 
negative,  or  positive,  accordingly  as  the  wires  are 
platina  or  silver^  or  if  the  extremities  he  considered 
as  positive  and  negative  with  the  one,  they  are  nega- 
tive and  positive  with  the  other.  The  same  effect 
was  produced  with  a  bar  of  zinc,  and  zinc  or  copper 
wii^es,  and  with  silver,  platina,  and  palladium,  as  the 
wires  were  silver  or  platina.  In  these  instances  it 
seems  remarkable,  not  only  that  the  bar  appeared  to 
change  its  electrical  station  with  different  wires,  but 
that  electricity,  or  rather  electro- magnetism,  should 
be  exhibited  when  the  bar  and  wire  were  of  the  sanie 
metal.  In  the  first  case,  it  might  be  supposed,  that 
the  electricity  was  excited  by  the  contact  of  dissimilar 
metals;  (that  is,  dissimilar  as  to  their  galvanic  relar 
tion,)  as,  in  the  galvanic  circuit,  copper  is  positive 
to  zinc,  but  negative  to  silver.  But  this  hypothesis 
is  applicable  to  cases  of  the  second  description.  If 
the  effect  depended  on  the  contact  of  dissimilar 
metals,  it  would  be  greatest  between  those  which  are 
opposed  in  the  galvanic  circuit,  and  would  cease  when 
the  bar  and  wire  were  of  the  same  substance. 

**  On  making  the  trial  with  a  bar  of  2inc  and 
silver  wires,  the  deviation  was  not  greater  tlmn  that 
by  the  same  bar  and  wires  of  zinc.  Again,  platina 
and  silver  are  both  positive  with  reference  to  cufiper, 
yet  the  deviations  were  opposite  j  and  silver  and  copper 
bars  acted  strongly  with  silver  and  copper  wires  re- 
spectively.   As  in  these  instances^  to  prevent  ambi- 
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Electro*    gf^ity^  the  wiift*  were  not  soldered,  but  rivetted  to  the 

Magnetism  bars^     I  cannot  biH  conclude,  that  the  hypothesis   of 

^^-'^^-^^  electricity  being  excited  hy  the  contact  o:  disBimilar 

metals,   is,  whatever  plausihility    it  may  possess   in 

other  circumstances,   inappHcable  lo  the  case  of  its 

developement  hy  beat. 

63,  *'  The  following  experiment  is,  I  thiuk,  de- 
cisive. Two  wires,  each  composed,  the  one  half  of 
platina,  the  other  of  silver,  soldered  together  in  the 
middle  I  were  rivetted  into  a  bar  of  brass.  When  the 
silver  ©cids  were  connected  with  the  brass,  the  devia- 
tion was  positive  ;  on  reversing  each  wire,  and  there- 
fore connecting  the  platina  and  brass,  it  was  nen:ativej 
still  retaining  the  platina  contact ;  but  shortening  tlie 
platina  wire  to  about  half  an  inch,  the  deviiition  again 
became  |)ositive.  In  every  case  the  brass  was  in 
contact  with  a  metal  highly  positive  with  respect  to 
itself,  yet  the  deviations  in  the  two  last  were  ia 
opposiip  directions,  though  the  contact  of  brass  and 
platiniL  was  the  same  in  both. 

64.  '*  If  these  experiments  be  referred  to  the 
hypothesis,  which  accounts  for  electrical  excitation  by 
the  oxidation  of  the  metals,  they  seem  equally  ad- 
verse to  it.  Not  to  repeat  the  instances  of  its  pro- 
duction, where  the  healed  bar  and  the  wires  were  of 
the  same  metal,  and  in  consequence  similarly,  if  at 
all,  oxidated  j  it  can  scarcely  be  imagined,  that  an 
elevation  of  temperature  of  not  more  than  two  or 
three  degrees,  should  cause  a  dilTerence  of  oxidation  ; 
and  it  is  to  be  remarked,  that  the  effect  is  pro- 
duced, whether  the  temperature  be  elevated  or  de- 
pressed. On  placing  one  end  of  a  bar  of  bismuth 
in  a  freezhig  mL\lure>  or  even  by  allowing  a  few 
drops  of  ether  to  evaporate  from  its  surface,  there 
was  produced  a  considerable  deviation  on  the  needle 
of  the  gal  van  as  cope  ;  that  extremity  which  remained 
at  the  temperature  of  the  room,  acting  as  the  heated 
end  of  the  bar  in  the  other  instances. 

*'  Having  ascertained  that  in  all  the  perfect  con- 
ductors of  electricty,  electro-Diagnetism  may  be 
excited  by  the  unequal  distribution  of  heat,  my  next 
endeavour  was  to  determine  the  direction  in  which 
this  pecuhar  influence  is  exerted,  and  the  mode  of  its 
F!f .  25.  propagation.  If  a  bar  of  antimony,  AB  (fig.  25,) 
htiving  its  ends  connected  by  copper  wire,  A  a^  b  B, 
be  heated  at  one  extremity,  and  presented  to  the 
compass,  the  deviation,  in  every  part  both  of  the 
bar  and  the  wire,  is  of  the  same  nature,  and  there- 
fore the  current  of  electricity  (if  there  be  such  a  cur- 
rent) is  throughout  in  the  same  direction.  The  cRect 
13  similar,  whatever  metal  be  employed  ;  but^  as  will 
be  seen  by  reference  to  the  first  of  the  following 
tables,  the  direction  of  the  current  in  some  is  oppo- 
site to  that  in  others.  If  two  bars  of  the  same  or  of 
similar  metals  (that  is  similar,  as  to  their  develope- 
ment  of  electro-magnetism  by  heat)  equal  in  power, 
be  connected  at  their  heated  extremities  ;  or,  which 
is  the  same  thing,  if  a  single  bar  be  heated  at  the 
middle  no  effect  is  produced,  the  equal  and  opposite 
currents  counteracting  each  other :  if  under  the  same 
circumstances^  the  metals  are  dissimilar,  the  effect 
is  that  arising  from  the  joint  action  of  their  con- 
flpiring  currents.  In  some  respects  this  arrangement 
is  analogous  to  that  of  the  galvanic  circuit  j  heat  in 
one  case  acting  the  part  of  an  acid  in  the  other  j  but 
there  is  one  material  difference  between  them.  In 
the  first,  the  metallic  circuit  is  complete,  and  the 


current  is,  as  has  been  already  obsterved,  in  the  same  TUi 
direction  throughout  every  part  of  it.  In  the  second,  ^1"^' 
the  circuit  is  interrupted,  and  the  current  through  the  ^**^' 
acid  is  opposite  to  that  through  the  wire,  f%.SG,^27.)  ^^ 

6B.  "  If  the  bar  of  antimony  A  B  above-mentioned 
be  broken  unequally  into  two  parts,  a  6,  cd,  (fig.  28,)  Fig, 
and  these  be  connected  by  a  copper  wire,  on  heating 
one  part  and  cooling  the  other  regularly  throughout, 
no  effect  is  produced,  however  short  the  interval  may 
he  between  them.  If  the  p^risab^cd  be  (fig.  28,) 
again  soldered  together,  with  a  thin  plate  of  copper 
interposetl,  they  no  longer  act  as  one,  but  are  two 
distinct  bars.  When  beat  is  applied  at  the  extremity 
n,  the  deviation  is,  as  usual,  negative ;  at  e  the  same  ; 
but  if  at  6,  the  deviation  is  positive,  the  extremity  a 
becoming  the  cooler  end,  and  the  part  c  d  merely 
conducting  the  electricity  ;  but  as  the  bar  cools,  a  b, 
and  c  the  extremity  of  the  other  part,  gradually 
assume  the  same  temj>erature,  and  consequently  the 
bars  act  negatively  as  at  first.  It  appears  then,  that 
when  the  bar  was  entire,  the  heat  was  not  merely 
conducted  from  one  extremity  to  the  other,  but  by 
some  means  modified  in  its  progress ;  and  that,  for  the 
production  of  this  species  of  electricity,  there  is 
required  the  juKtaposition  of  two  particles  of  the 
same  metal  at  different  temperatures.  U,  therefore, 
a  cylindrical  bar,  unequally  heated,  be  supposed  to 
be  divided  into  an  indefinite  number  of  circular 
lamina?,  each  will  act,  as  a  layer  of  hot  particles 
upon  the  laminae  on  one  side,  and  of  cold  upon  that 
on  the  other,  and  the  total  effect  of  the  bar  wiE  arise 
from  the  aggregate  action  of  these  laminae. 

*'  Bj  soldering  wires  to  a  long  rod  of  bismuth, 
(fig.  Wt)  the  parts  of  which  were  alternately  hot  Fig*  23| 
and  cold,  it  \\m  found  that  the  action  of  the  whale 
exceeded  that  of  any  two  portions  taken  separately, 
and  as  the  only  condition  appears  to  be,  that  there 
should  exist  a  difference  of  temperature  between  two 
adjoining  particles,  it  may  be  inferred,  that  if  it  were 
possible  to  increase  these  divisions  sine  limUe,  each 
bar  would  act  as  an  assemblage  of  an  indefinite  num- 
ber of  small  plates  y  as  the  common  magnet  may  be 
conceived  to  be  composed  (if  the  expression  may  be 
allowed)  of  an  indefinite  number  of  atomic  magnets.'*  \ 

GS.  The  highly    ingenious   idea    advanced    above,  j^fetliai 
relative  to  the   juxtaposition  of  two  particles  of  the  eianiuij 
same  metal  at  different  temperatures,  being  an  essen-  threli 
tial,  if  not  the   only  condition   requisite   for  the  pro- ™^*^?*' 
duction  of  this  species  of  electricity,    led  the  author  ^'^^^*|'' 
subsequently  to  a  result  by  no  means  inferior  in  im-  mc 
portance  to   any   of  the    new   and    interesting  facts 
that  have  been  yet  developed  in  this  new  branch  of 
physics.     "  It  occurred  to  me,**  says  Professor  Gum- 
ming, in  an  Appendix   to  his   Memoirs,  "  that  as  the 
juxtaposition   of  two  particles     of  the    same    metal, 
at  different  temperatures,    wiis    the    sole    condition 
requisite   for  eliciting    elect  ro*magnetisra,   it   might 
be   exhibited  by  the   minutest    metallic    specimens. 
Portions   of  bismuth   and    antimony,   each  weighing 
one   grain,  were    therefore   placed   on  a   silver  disc, 
connected  with  the  galvanascope.    On  touching  the  up- 
per surface  of  each  separately  with  one  end  of  a  heated 
silver  wire,  the  other  extremity  of  which  was  placed 
in  the  other  cup  of  the  galvanascope,  the  needle  de- 
viated through  90'^  positive,  and  negative  respectively.'* 
By  this  method  the  author  was  enabled  to   examine 
the  compound  ore  of  iridium  and  osmitmij  of  which 
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w    the  largest  specimen  ^d  not  exceed  ^iAis  of  a  grain.  The  following  arc  the  tabulated  resulU  obtained  by   3J*™ 

'*"»  and  to  verify  in  a  few  minutes  results  for  which  the  Professor  Cumming,  exhibiting  the  thermo  electric  i^^-^g^^^ 

""^  laborious  process  of  casting  bars  of  different  metals  relation  of  different  substances.                                      ... 
bad  been  previously  reqiibite. 

I      ST.  Table  L^^J  Usi  ofsubsUmcet  heaied  at  one  extremity  in  contact  with  copper  wires,  the  wires  bdng  small  in 
comparison  with  the  substances  examined,  excepting  in  the  cases  marked,^ 


Potitire. 

NegatiTC. 

Bismuth. 

Mercury. 

Niekel. 

Platina. 

Palladium. 

Cobalt. 

saver. 

Tin. 

Lead. 

Copper. 

Brass. 

1  Nickel  +  1  iron.* 

1  Tin  +  i  antimony. 

Solder  (common.) 

Pewter. 

Galena. 

Antimony. 

Iridium  and  Osmium.* 

Rhodium. 

Gold. 

Zinc. 

Iron. 

Arsenic. 

I  Bismuth  -f-  1  zinc. 

1  Bismuth  +  I  tin. 

1  Zinc  4-  1  tin. 

1  Zinc  +  1  lead. 

4  Zinc  4-  1  antimony. 

i  Nickel  +  1  palladium.* 

I  Nickel  +  2  platina.* 

Printers'  type. 

Fusible  metal. 

1  Ditto  4-  1  arsenic. 

tZinc  -1-  tin  4-  copper. f 

Sulphuret  of  antimony. 

Plumbago. 

Charcot. 

*  None  of  the  Bpeeimens  marked  thus  *  weighed  more  than  half  a  grain. 

t  The  ipecimen  marked  {  ia  a  magnetic  compound^  capable  of  polarity ;  it  is  composed  of  copper  two  atoms,  zinc  and 
tin,  each  one  atom. 

68.  Table  Il.'-^Containing  a  comparative  series  of  ekctro-magnetics  by  heat. 


Bis- 
muth. 

Nic- 
kel. 

Pla- 
tina. 

Palla- 
dium. 

Silver. 

Tin. 

Lead. 

Brass. 

Cop- 
per. 

Gold. 

Zinc. 

Plum- 
bago. 

Iron. 

Anti- 
mony. 

Bismuth 

0 

4- 
0 

4- 

4- 

+ 

0 

4- 

4- 
f 
0 

4- 
4- 
+ 
4- 
4- 
4- 
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4- 
4- 
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+ 

4- 
4- 

4- 

4- 

4- 

0 

4- 
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+ 
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+ 
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+ 
+ 
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+ 
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+ 
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+ 
0 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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+ 
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+ 

+ 

+ 
+ 

+ 

+ 

+ 
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+ 

+ 
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+ 
+ 
+ 

+ 
+ 
+ 
+ 

0 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 

+ 
■1- 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 

Mercury    

Nickel    

Platina 

Palladium 

Cobalt    

Silver 

Tin 

Lead 

Rhodium   

Brass     

Copper 

Gold 

Zinc 

Charc&al    

Plumbago 

Iron 

Arsenic 

Antimony 

^ole.— The  specimen  of  silver  was  afterwards  found  to  be  not  purej  the  proper  place  for  this  metal  is 
immediately  above  wnc.     (See  Annals  of  Philosophy,  N.  S.  No.  35.) 
The  above  table  iHU  be  found  highly  useful  in  forming  any  experimental  thermo  electric  combination. 
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ElMtro-  6^.  In  some  svlMPeqiiciit  expeiiments,  Pkofessor 
Mngrnction  Ctamming  delected  a  very  curious  anomaly  when 
^""'W^  iron  wire  was  employed,  and  the  heat  ptodvced  hy 

a  spirit  lamp ;  namely,  that  the   deviation,  in  some 

cases,  gradually  attained  a  maximimi,  then  returned 

Curiooa      throu^  zero,  and  «t  a  red  heat  assumed  an  opposite 

anomalies    direction  ;  an  effect  by  no  means  the  less  interesting, 

noticed  by  ^j^^^^  f^^^  ^^^  experiments   detailed    in    sec.  vi.    of 

Cun^dAR.  ^^^  treatise  of  Magnetism,  it  is  shown    that    the 

magnetic  power  of  simple  iron  changes  its  character 

when  the  metal  attains  this  degree  of  temperature. 

The  results  alluded  to  above,  are  contained   in  the 

following  table  : 

Positive.  Negative. 

Iron  with  silver^    deviation  10°  at  a  red  heat  8® 

copper    13     7 

gold   7     4 

brass 17     3 

zinc   7    melting  zinc  3 

Similar  effects  were  not  observed  when  iron  was 
used  with  platina  or  lead  ;  and  it  was  not  noticed  in 
any  case,  if  iron  were  not  one  of  the  metals  employed, 
but  some  other  anomalies,  not  much  less  interesting, 
were  noticed,  as  follows;  Viz.  that  when  the  heat 
was  produced  by  dipping  wires  not  previously  con- 
nected in  boiling  mercury,  the  deviation  in  the  first 
instance  vf^s  found  to  depend  upon  which  of  the  two 
wires  was  first  immersed.     Thus, 

r  copper  last,  negative,  then 
Copper  with  gold    , . . .  <      ^ghtly  positive. 
Lgold  last,  positive, 
r  copper  last,  negative, 
silver  • .  •  •  <  silver  last,   positive,    then 
L     negative. 

{copper  last,  negative, 
zinc  last,  positive,  then  ne- 
gative, 
r  copper  last,  negative  slight- 
brass  .  • . .  <      ly,  then  positive. 
Lbrass  last,  positive, 
r  copper  last,  negative, 
plumbago  <  plumbagolast,  positive,  then 
L     negative* 
Similar  results  were  obtained  with  zinc,  iron,  plum- 
bago, gold,  and  brass,  and  other  combinations. 

These  peculiarities,  and  the  other  interesting  facts, 
which  have  been  noticed  above,  seem  to  offer  some 
of  the  best  criterions  hitherto  known  for  tracing  to  its 
source  the  principle  of  this  curious  science.  A  num- 
ber of  other  important  facts  relative  to  these  inquiries, 
may  be  seen  in  the  Memoir  from  which  the  above 
abstract  has  been  made,  published  in  the  Trans<ictions 
of  the  Cambridge  Philosophical  Society  for  1823. 

§  IV,  On  the  theory  of  Electro- Magnetism,  and  its  ap- 
plication to  the  illustration  of  a  course  of  Electro- Magnetic 
experiments. 

Sketch  of  '^^'  ^^  present  we  have  only  very  slightly  alluded  to 
the  diffc-  the  theoretical  principles  of  this  science,  it  will,  how- 
rent  theo-  ever,  be  proper  now  to  give  some  particulars  relative 
riesof  to  the  theories  that  have  been  advanced,  for  explain- 
*^*^^"da  ^°S  ^^^  generalizing  the  numerous  facts  elicited  by 
""^*    "*  the  several  experimenters  whose  names    have  been 

recorded. 
In  this  part  of  the  subject  Professor  Oersted,  to 

whom  the  science  itself  owes  its  birth,  stands  first  in 


ihe  iirder  of  dete ;  the  theory,  in  his  mind,  haring  Theory 
preceded  and  led  the  wny  to  the  discovery.  It  «p-  ^^ 
pears  that,  so  finback  as  the  year  1806,  or  ISOy,  when  "^"^ 
this  philosopher  began  to  examine  into  the  nature  of  q^^^ 
electricity,  he  conceived  the  idea  that  the  propagation  theorj« 
of  electrietty  consisted  (to  use  hit  own  words)  in  a 
continual  destruction  and  renewal  of  equilibrium,  and 
thus  possessed  great  activity,  which  could  only  be  .< 
explained  by  considering  it  as  an  uniform  current : 
he  then  regarded  the  transmission  of  electricity  as  an 
electric  conflict,  and  his  researches  into  the  nature 
of  heat,  produced  by  electrical  discharges,  led  him  to 
the  conclusion  that  the  two  opposite  electrical  forces, 
which  pervade  a  body  heated  by  their  effects,  are  so 
blended  as  to  escape  all  obflervation,  without,  how- 
ever, having  acquired  perfect  equilibrium  5  so  that  it 
was  probable  they  might  still  exhibit  great  activity, 
although  under  a  form  of  auction  differing  entirely  from 
that  which  may  be  properly  termed  electrical.  It 
must  be  acknowledged,  that  it  is  difficult  from  the 
above  statement  to  comprehend  the  views  of  the 
author,  and  we  are  by  no  means  certain  that  we 
properly  understand  them ;  but  he,  at  all  events,  was 
led,  by  some  considerations  of  this  kind,  to  suspect, 
as  light  and  heat  were  both  developed  in  an  elec- 
trical discharge,  that  prpbably  so  also  was  magnetism ; 
and  in  another  place  the  author  says,  *'  it  must  then 
be  determined  whether  electricity  in  its  most  latent 
state^  has  any  action  on  the  magnet  as  such."  It  is 
singular  that,  after  entertaining  such  an  idea,  its 
truth  should  have  remained  so  long  a  mere  matter  of 
speculation,  and  that  it  should  not  till  the  month  of 
July,  1620,  have  been  satisfactorily  exhibited  by  ex- 
periment. This  being,  however,  at  length  effiected, 
some  more  distinct  views  of  the  mode  of  action  de- 
veloped themselves  to  the  author,  and  which  are 
stated  by  him  as  follows  :  **  When  opposite  electrical 
powers  meet  under  circumstances  which  offer  re- 
sistance, they  are  subjected  to  a  new  form  of  action, 
and  in  this  state  they  act  upon  the  magnetic  needle 
in  such  a  manner,  that  positive  electricity  repels 
the  south,  and  attracts  the  north  pole  of  the 
compass ;  and  negative  electricity  repels  the  north, 
and  attracts  the  south  pole  -,  but  the  direction  fol- 
lowed by  the  electrical  powers  is  not  in  this  state 
a  right  ^line,  but  a  spiral  one  turning  from  the  left 
hand  to  the  right.**  As  far  as  we  can  comprehend 
Mr.  Oersted's  ideas  as  above  expressed,  it  is,  that 
when  the  opposite  electricities  meet  in  their  pro- 
gress through  the  conducting  wire,  the  positive 
electricity  is  turned  out  of  its  natural  rectilinear 
course,  and  is  made  to  perform  a  spiral  motion  along 
the  wire  in  one  direction,  while  the  negative  electricity, 
in  like  manner,  performs  a  similar  spiral  motion  in  an 
opposite  course,  and  that  in  this  state  the  action 
exerted  by  these  currents  is  no  longer  electrical  but 
magnetic. 

The  author  does  not  state,  but  we  conceive  that  he 
means,  that  the  spires  of  this  spiral  are  indefinitely 
neiar  to  each  other,  and,  therefore,  that  the  magnetic 
action  is  thus  exhibited,  either  exactly,  or  very  nearly, 
in  a  tangential  direction  to  the  conducting  wire. 
Indeed,  as  the  spiral  motion  in  this  form  differs 
very  little  from  a  circular  current  about  the  wire, 
the  author  assumes  the  circular  motion  in  all 
hh  subsequent  illustrations.  We  may,  ther^ore, 
it   is  presumed,  state^  in  concise  terms,  that  Mr. 
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lOer- 


Ovrated's  idea  of  electro-nia^netie  octiau  ia^  that  the 
conflict  of  the  two  electricities  praduces  in  theee 
fluids  a  oew  mode  of  fiction,  wbicb  is  exhibited  by  its 
cm  the  magnetic  needle  in  circular  currents  at 
wigles  to  the  direction  of  the  condiicling  wire, 
l^mecns  of  this  ])rinciple  the  author  illustrates  not 
nlf  tbe  action  of  a  galvanic  wire  oti  the  miignelj 
tat  tte  action  of  one  galvanic  wire  on  another  ^  the 
discovery  of  which  fiict  is  due  to  M.  Ampere. 

71-  Let  us  now  give  some  idea  of  what  wc  conceive 
to  be  M.  Ampere's  theory  of  these  actions.  This  phi* 
losopher  seems  to  deny,  in  toto,  the  existence  of 
■ngnetic  fluids,  or  forces,  otherwise  than  as  they 
■lifle  from  certain  electrical  actions. 

In  his  repetition  of  Mr.  Oersteds  experiments,  he 
discovered  that  two  conducting  wires  of  the  same,  or 
Off  different  gaKiinic  batteries,  acted  on  each  according 
to  certain  principles  ;  viz.  that  when  the  wires  were 
parallel  to  each  other,  and  the  currents  in  each  passing 
in  tbe  same  direction,  they  were  mutually  attracted  j 
and  w^hen  the  currents  were  passing  in  opposite  direc- 
tions  they  were  mutually  repelled.  And  with  this  fact 
Ik  ventured  upon  the  bold  assumplion,  that  what  we 
ksre  hitherto  been  accustomed  to  consider  as  mag- 
netic fiuids,  or  forces,  in  a  natural  or  artificial  magnet, 
€saosisi  merely  of  electric  currents  tthvayss  revolving 
alKrat  every  particle  of  such  n  body  in  planes  per[>eu- 
iBcQlar  lo  its  axis,  so  that  the  attraction  or  repulsion 
that  takes  place  between  the  opposite  poles  of  two 
woagB^tA,  is  merely  the  attraction  of  these  electric 
cnwcuts ;  and  in  tbe  same  way  the  direction,  which  a 
msgnetfc  needle  assumes  when  under  the  influence  of 
m  gaiviinic  wire,  proceeds  from  the  attraction  between 
"tlie  iroe  and  the  parallel  currents  in  the  magnet  when 
tliese  correspond  in  direction,  or  from  the  repulsion 
lieiwcen  them  when  the  currents  are  in  opposite 
directions.  And,  in  like  manner,  the  direction 
w|yc:li  a  needle  assumes  from  the  terrestrial  action, 
!•  t)€Pl,  as  has  been  hitherto  assumed,  dye  to  magnetic 
poles  in  particular  situations  in  the  earth,  but  to  the 
attraction  of  electric  currents  circulating  about  the 
earth  in  circles  nearly  parallel  to  the  etjuator. 

7^.  Thistheorj^8er\'es  to  generalize  a  great  number 
af  facts;  yxz.fiTHt^  the  action  of  ekctrical  currents  on 
mA  other,  as  they  are  exhibited  by  freely  su:^pended 
'CMidacting  wires  j  secondltf^  the  action  exhibite*!  be- 
tween a  galvanic  wire  and  a  magnet ;  ihinibj,  tbe 
aeiion  of  magnets  on  each  other ;  and,  fonrthlij,  the 
lirinctples  of  terrestrial  magnetic  action  ;  and  there- 
fore, whether  it  be  or  be  not  a  true  exhibition  of  the 
actual  mode  of  action,  it  possesses  great  advantages 
as  an  hyjiothesis,  by  its  generalizing  so  many  facts, 
aod  is  highly  creditable  to  the  genius  and  talents  of 
tbe  author.  That  it  is  not  actually  a  correct  exhi- 
bition of  the  motius  operandi,  appears  probable,  because, 
in  tbe  first  place,  we  can  see  no  reason  why  a  current 
of  electricity  in  motion  should  possess  a  power  which 
it  docs  not  exhibit  when  at  rest;  considering  it  as 
M.  Ampere  does,  purely  as  an  electrical  property, 
and  not  as  a  power  impressed  upon  it  in  consequence 
of  tbe  opposition  or  conflict  of  two  electricities  on 
caeh  other.  In  this  respect  we  think  that  Mr, 
Oerfled's  ideas  approach  perhaps  nearer  to  tbe  truth. 
It  is,  TOoreovcr,  an  immense  demand  upon  the  reader 
to  request  him  to  admit  an  infinitude  of  itilinitely 
aiaall  electric  currents  perpetually  circulating  within 
tbe  solid  mass  of  a  magnet  or  steel  bar.     It  is^  for  in^ 


stance,  much  easier  to  imagine  that  the  conflict  of  the  Theory  of 
electrical  fluids  in  the  conducting  wires,  should  give    tll*=t:iro- 

rise  to  magnetic  currents  in   planes  perpendicular  to  ^ . 

the  axis  of  the  wire,  and  that  these  should  act  upoa  ~^^^^ 
the  magnetic  particles  in  a  bar  of  steel,  whose  direc- 
tion is  j*arallel  to  the  axis  of  the  barj  than  to  suppose 
the  electric  transmission  to  be  made  in  right  lines, 
and  that  these  currents  in  this  state  act  upon  the 
corresponding  supposititious  circular  currents  in  the 
magnets  ;  and  either  hypotheaisj  if  we  are  not  much 
mistaken,  will  lead  to  the  same  results,  at  least  as  far 
as  they  serve  to  illustrate  the  electro-magnetic  action. 
It  is,  for  instance,  obvious,  that  whether  we  consider 
currents  of  magnetism  perpendicular  to  the  axis  of  the 
wire  attracting  the  lines  of  magnetic  particles  whose 
directions  are  parallel  to  the  axis  of  tbe  magnet,  or 
whether  we  conceive  currents  of  electricity  revolving 
ill  planes  perpendicular  to  the  axis  of  a  magnet,  at* 
tracting  the  line  of  electric  particles  parallel  to  the 
axis  of  the  wire,  the  result  in  both  cases  will  be  the 
same  j  namely,  to  place  the  axis  of  the  electric  and 
magnetic  particles  at  right  angles  to  each  other,  and 
to  the  line  which  may  be  conceived  to  join  them; 
which  is  precisely  the  jmncipk  that  we  have  seen, (art. 
43,)  Mr.  Barlow  has  laid  down  in  order  to  deduce 
from  it  the  mathematical  laws  of  electro-magnetism, 

73.  To  see  the  agreement  of  the  two  hypotheses 
a  little  more  distinctly,  let  the  reader  conceive  a 
galvanic  wire  to  be  every  where  encompassed  by 
magnetic  currents  perpendicular  to  its  direction  at 
any  point,  and  imagine  these  attracting  the  magnetic 
particles  in  a  magnet  arranged,  according  to  the  com- 
mon hypothesis,  parallel  to  the  axis  of  the  magnet ; 
then  it  is  obvious,  if  a  magnetic  particle  thus  situated 
were  free,  it  would  arrange  itself  parallel  to  the 
magnetic  currents  in  the  wire,  and  therefore  place 
itself  at  right  angles  to  the  direction  of  the  wire  and 
to  the  line  joining  the  magnetic  particle,  and  the  ge- 
neral centre  of  action  of  the  wire;  that  is,  the  mag- 
netic and  electrical  particles  would  be  placed  at  right 
angles  to  each  other. 

Let  us  now,  with  M.  Ampere,  s^uppose  the  direction 
of  the  electricity  to  correspond  with  that  of  the  wire 
and  the  magnetic  particles,  {which  we  will  suppose,  for 
the  present,  still  existing  in  the  magnet,)  to  be  sur- 
rounded by  electrical  et|uators  perpendicular  to  their 
axis,  and  let  us  conceive  the  current  in  the  wire  to 
attract  or  repel  these  electric  equators,  then,  again, 
it  is  obvious  that  the  action  between  the  wire  and  the 
equators  of  any  magnetic  particle  will  he  to  bring 
these  parallel  to  each  other,  and  consequently  to  place 
the  particles  of  the  two  fluids  perpendicularly  to  each 
other,  exactly  as  in  Mr.  Oersted's  hypothesis.  It  is 
true  that  M.  Ampere  admits  of  no  magnetic  particles, 
but  attributes  every  magnetic  phenomena  to  these 
equators  only;  thi*^,  however,  docs  not  affect  the  case, 
as  we  have  put  it  j  the  existence  of  the  particle  being 
merely  admitted  for  tbe  sake  of  the  idea  of  direction. 

So  that  whether  we  employ  the  hypothesis  of  Mr.  Uoih  con- 
Oersted,    or   that   of   M.  Ampere,    we    still    arrive  Mstemiviili 
at    that    result    which    Mr.    Barlow    has    made   the  Mr.  Bar- 
foundation  of  his   investigation  of  the  mathematical  Jj^^'f  l^ypo^ 
laws  of  electro-magnetic  action  :    viz.  '*  That  every 
particle  of  the  galvanic   or   electric  fluid  in  the  con- 
ducting wire,  acts  on  every  particle  of  the  magnetic 
fluid  or  a  magnetised  needle,  with  a  force  varying  in- 
vertjely  as  the  square  of  the  distance  j  but  that  the 
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Ejfftro'    action   of  the  particles  of  the   fluid  in  the  wire  i& 

Mngnctlim  neither  to  attract  nor  to  repel  either  poles  of  a  mag- 
^^^ — v^  netic  particle,  hut  a  tangential  force  which  has  a  ten- 
dency to  place  the  poles  of  either  fluid  at  right  angles 
to  those  of  the  other.** 

And  as  our  object  in  this  place  is  not  to  reduce  the 
principles  of  tna^netisni  to  those  of  electricity,  but 
merely  to  iUustratc  the  several  ekctro-magnetic  phe- 
nomena, and  as  the  latter  hypothesis  is  by  far  the  most 
simple  idea  that  can  be  formed  of  this  action,  we  shall 
for  the  present,  as  the  safest  plan,  not  stop  to  inquire 
into  the  mechanical  means  by  which  snch  a  power  is 
brought  into  action,  but  simply  conceive  it  to  exist, 
and  thence  endeavour  to  explain  the  various  facts  and 
reciprocal  actions  which  have  been  observed  to  t*ike 
place  between  a  g'alvanic  wire  and  a  magnet. 

Before  we  commence,  therefore,  our  course  of  expe- 
riments, it  is  desirable  that  the  reader  endeavours  to 
make  himself  familiar  with  the  idea  of  his  coinciding 
in  position  with  any  part  of  the  conducting  wire,  and 
then  to  retain  in  his  mind  this  formula :  that  when  his 
head  is  towards  the  positive  pole  of  the  battery,  and  his 
face  to  the  magnet,  the  north  pole  of  the  latter,  or  of 
a  single  particle,  will  be  urged  to  his  left  hand,  and  the 
south  pole  to  his  right  hand  ;  and  the  contmry  w^ith 
the  contrary  position. 

This  being  properly  comprehended,  the  explanation 
of  the  several  phenomena  exhibited  in  the  following 
course  of  experiments,  will  be  found  exceedingly 
simple  and  satisfactory. 

Cou  Tie  of  Elect  ro-  Maptetk  cxperirnen  is . 


Experiment  L 

74.  To  illustrate  the  nature  of  the  tangentkdforce  assumed 
in  the  theory. 

The  reader  conceiving  himself  to  he  making  ex- 
periments on  the  table,  fig.  11,  plate  I.,  let  jv  fig.  30, 
be  supposed  to  represent  a  section  of  the  wire  pro- 
ceeding from  the  zinc  or  positive  end  of  the  battery 
downwards  to  the  copper ;  and  let  n  s,  n  s,  &;c.  re- 
present a  magnetic  needle  in  various  positions  about 
the  wire.  Let  the  effect  of  the  terrestrial  power  on 
the  needle  be  neutralized,  by  opposing  to  the  needle 
a  strong  magnet  at  a  proper  distance,  whereby  it  re- 
tains its  magnetic  power,  but  possesses  no  direction. 
If  now  the  wires  be  connected  with  the  poles  of  the 
battery,  the  needle  will,  wherever  it  is  posited,  take 
up  one  of  the  directions  shown  in  the  figure  ;  that  is, 
it  will  place  itself  directly  at  right  angles  to  the  wire, 
and  to  the  line  joining  the  centres  of  the  needle  and 
wire,  or  in  a  tangential  direction  to  the  wire  at  the 
point  where  the  latter  line  meets  its  circumference. 

If  the  upper  part  of  the  wire,  as  we  have  supposed, 
be  connected  with  the  zinc  end  of  the  batterj^  then  the 
needle  will  assume  the  direction  shown  in  the  figure  ; 
that  is,  such  that  a  person  conceiving  himself  coin- 
ciding with  the  wire,  and  his  head  upwards  or  towards 
the  zinc,  and  looking  towards  the  needle,  will  find  the 
north  end  of  the  latter  on  his  left  hand,  and  the  south 
on  his  right ;  but  if,  on  the  contrary,  the  upper  part 
of  the  wire  be  connected  w  ith  the  copper  end  of  the 
battery^  then  also  the  needle  will  assume  a  similar 
tangential  direction  ,  but  the  north  end  will  now  be 
carried  to  the  right  hand,  and  the  south  to  the  left  ; 
that  is,  the  direction  of  the  needle  will  be  reversed. 


Fig.  30. 
Tati^en- 
tittl  force 
illustmted. 


In  like  manner,  if  instead  of  the  needle  turning  on 
a  pi^^ot,  as  supposed  above,  we  conceive  it  turning  on 
an  axis  like  a  dipping  needle,  and  bring  it  against  the 
upper  or  lower  wire  of  the  rectangle,  (^g,  11,)  then, 
also,  the  same  tangential  position  will  be  observed, 
and  the  same  principle  obtained  with  regard  to  direc- 
tion, as  in  the  other  case,  the  reader  still  assuming 
his  position  as  coinciding  wuth  that  of  the  conducting 
wire. 

In  our  hypothesis  we  assume  this  as  a  fundamental 
principle  of  action,  and  therefore  make  no  attempt 
to  reduce  it  to  mechanical  principles ;  but  M.  Am- 
pere, by  going  one  step  farther  back,  illustrates  or 
accounts  for  this  phenomenon  by  assuming  that  every 
particle  of  the  needle,  taken  in  the  direction  of  its 
length,  is  encompassed  by  an  electric  current  re- 
volving in  planes  perpendicular  to  the  axis  of  the 
needle,  and  which  currents  are  attracted  by  the  cur- 
rent in  the  wire,  and  brought  parallel  to  it,  and  which 
consequently  lends  to  place  the  needle  at  right  angles 
to  the  wire,  as  shown  in  the  figure. 

Another  method  of  exhibiting  this  effect  is  shown 
in  fig,  ^l,  where  AB  represents  a  horizontal  section 
of  a  wooden  vessel  having  a  hole  in  its  bottom, 
which  slips  tightly  over  the  vertical  wire  of  the  rec- 
tangle, (fig.  H,)  so  as  to  hold  a  quantity  of  water, 
and  n  3  is  a  magnetic  needle  stuck  through  a  bit  of 
cork  so  as  to  keep  it  afloat ;  the  wires  being  then 
connected  with  the  battery,  the  needle  will  first  ar- 
range itself  in  the  tangential  direction  s  n,  and  then 
gently  approach  the  wire  coming  in  contact  with  it 
in  its  mi  (Idle  point.  This  approach  M.  Ampere  would 
explain  by  the  attraction  between  the  electric  current 
in  the  wire,  and  the  currents  in  the  needle  perpendi- 
cular to  its  axis.  According  to  our  principle  of  illus- 
tration, the  extremity  n  of  the  needle  is  urged  in  the 
direction  n  m,  and  the  extremity  s  in  the  direction 
s  r,  each  perpendicular  to  the  radii  x  W,  n  W,  and 
which,  of  course,  will  urge  the  needle  towards  the 
wire  in  the  manner  exhibited  by  the  experiment. 

Another  interesting  form  of  this  experiment  is  as 
follows  :  Let  Z  nhcd  C.  fig.  3*2,  represent  a  galvanic 
wire  of  the  ft>rm  there  shown,  and  A  B  a  vessel  of 
water,  n  if  is  a  m signet  stuck  through  a  piece  of  cork j 
having  one  of  its  poles,  as  for  example,  the  south, 
as  much  below  the  surface  of  the  water  as  pos* 
sible,  and  the  other  just  above  it.  Let  this  be  set 
artoat  in  the  basin,  and  make  the  contact  with  the 
battery,  and  immediately  the  magnet  will  be  affected 
and  advanced  toimrds  the  opening  between  the  t^vo 
branches  of  the  wire,  having  its  motion  accelerated 
as  it  gets  nearer,  and  when  directly  between  tbera  it 
\\ill  be  urged  with  still  greater  force /rom  the  wire  on 
the  other  side,  and  be  carried  to  a  distance  where  the 
influence  of  the  wire  ceases. 

There  is  no  question,  we  believe,  that  H.  Ampere's 
theory  is  fully  competent  to  the  explanation  of  this 
experiment,  but  it  is  not  immediately  obvious ; 
whereas,  according  to  the  principles  advanced  above, 
we  see  that  the  wire  being  ascending  on  one  side,  and 
descending  on  the  other,  the  action  of  both  branches 
conspire  to  give  to  the  pole  n,  the  only  one  exposed 
to  the  action  of  the  wire,  a  motion  in  the  same  di- 
rection, and  that  this  action  will  be  greatest  when  the 
pole  is  between  the  two  branches.  With  the  combi- 
nation shown  in  the  figure,  the  motion  is  to  the  left 
hand  of  a  person  standing  in  the  wire  cd;  but  by 
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changiag  the  contact,  or  by  inverting  the  magnet,  the 
motion  will  be  re  versed - 

If  the  needle  be  made  to  float  horizontaUy  on  the 
nee,  as  in  the  Lost  experiment,  then  it  will  not 
through  the  branches  of  the  wire,  but  remain  in 
ai  central  position  with  its  middle  point  exactly  in  the 
plane  of  the  two  legs,  as  ought  obviously  to  be  the 
^  s,  both  wires  acting  with  opposite  forces  on  the 
poles. 

EXPERIUENT   II. 

75.  To  magnetise  steel  bars  mih  ike  gahanic  haitery. 

Take  a  piece  of  steel  wire,  as  for  example  a  sewing 
cl  needle,  and  dip  its  ends  first  into  steel  or  iron  filings, 
in  order  to  ascertain  that  it  has  no  magnetism  already 
in  it,  which  will  be  the  case  if  the  particles  of  iron  do 
not  adhere  to  it  j  if  they  do>  another  needle  must  be 
tried,  till  we  find  one  free  from  every  species  of  mag- 
netic action ;  thia  being  done,  connect  the  ends  of  the 
battery  by  the  conducting  wire  C  Z,  and  place  the 
needle  NS  across  it,  (fig.  33,)  and  it  will  be  found  in 
a  very  short  time  to  have  acquired  the  magnetic  pro- 
perty ;  for  on  immersing  its  extremities  again  in  the 
.tilings  Chey  will  be  found  to  adhere  to  it,  in  the  same 
mcr  as  to  a  needle  magnetised  in  the  usual  way, 

Xhi^  very  interesting  experiment  is  strictly  con- 
[^roiable  to  our  hypothesis  j  for,  according  to  this, 
'ihe  action  of  the  galvanic  particles  in  the  wire  being 
tangential,  will  act  upon  the  latent  magnetic  particles 
in  the  needle,  in  the  direction  of  its  length,  and  cause 
a  displiicement  of  them,  precisely  in  the  same  man- 
ner as  would  be  done  by  a  magnet  j  and  also,  as  in 
that  case,  the  cohesive  power  of  the  steel  preventing 
the  return  of  the  fluids  to  their  natural  state,  the 
needle  will  remain  magnetic. 

If  the  needle  be  made  a  part  of  the  galvanic  circuit, 
or  if  it  be  phiced  lengthwise  of  the  wire,  00  per- 
eptible  permanent  magnetic  power  will  be  developedj 
vhich  is  also  consistent  with  the  hypothesis  j  because 
10  this  case,  the  action  of  the  wire  will  be  transverse 
of  the  needle,  which  is  the  least  favourable  direction 
for  the  developement  of  the  magnetir  power  j  the 
tendency  of  the  action  being  to  place  the  poles  trans- 
versely instead  of  lengthwise. 

In  order  to  ascertain  the  polarity  given  to  the 
needle  in  this  experiment  ;  let  the  needle  and  wire  be 
placed  as  in  the  last  experiment,  (see  foregoing  figure,) 
that  is,  the  needle  being  above  the  wire,  and  Z  de- 
noting the  zinc  end  of  the  battery  of  two  plates  only, 
and  it  will  be  found  that  the  extremity  N  will  attract 
the  south  end  of  a  compass  needle,  and  the  extremity 
S  the  north  end  j  in  short,  that  the  north  poles  of 
the  latent  magnetic  particles  have  been  carried  to- 
wards the  left  hand,  and  the  south  towards  the  right 
liandj  agreeably  to  the  principles  indicated  in  art.  43. 

Let  now  the  needle  be  placed  under  the  wire,  in- 
stead of  being  placed  over  it,  and  in  oth^jr  respects 
the  process  described  in  the  last  example  repeated, 
and  it  will  be  found  that  the  polarity  of  the  needle 
will  be  exactly  the  reverse  of  that  in  the  last  expe- 
riment, which  ought  to  be  the  case  according  to  the 
principle  of  the  above  article  ;  because  by  this  the 
north  polarity  is  always  carried  to  the  left  hand  of 
the  observer,  who  conceives  himself  to  form  the 
^gali^anic  circuit,  his  head  being  towards  the  zinc  end, 
and  his  face  towards  the  magnet  j  for  thus  his  posi- 
tion being    now  the  reverse  of  what  it  was  in  the 


preceding  experiment,  the  polarity  otight  to  be  the  Course  of 
reverse  also.  Experi- 

meats. 
Experiment  III. 


76.  T0  ihow  the  effect  produced  bif  agahank  wire  on  iteel 

or  iron  Jflmgs. 

This  experiment  is  performed  by  strewing  a  quan-  The  effect 
tity  of    iron  dtist  or  filings  on  a  table,  and  bringing  on  steel 
the  connecting  wire  near  to  them,   when   the  filings  ^^^  ^^^^ 
w  ill  immediately  be  aHected  by  the  action  of  the  wire,  """^S^' 
some  few  flying  towards   it  and  adhering  to  it  as  to  a 
magnet;  and  if  the  wire  be  brought  into  actual  con- 
tact with  them,  a  very  considerable  quantity  may  be 
taken  up  by  it,  exactly  the  same  as  at  the  extremity  of 
a  bar  magnet ;  but  the  moment  the  contact  is  broken 
the  filings  fall. 

In  order  to  produce  the  best  effect  in  this  experi- 
ment, the  wire  intended  to  be  operated  upon  should 
be  smaller  than  the  conducting  part  of  the  circuit. 
This  latter,  in  all  cases,  is  the  better  for  being  stout, 
at  least  tV  of  an  inch  in  diameter  ;  but  in  this,  as  in 
several  other  experiments,  it  is  best  to  have  the  ex- 
treniities  uf  the  wires  terminated  by  a  much  smaller 
wire,  wound  round  the  former  as  a  spiral,  or  by  sim- 
ple contact,  for  by  this  means  the  transmission  being 
made  through  a  smaller  space,  the  intensity  of  action 
is  proportionally  increased. 

This  experiment,  as  we  have  already  stated,  is  due 
to  M.  Arago,  and  it  seems  at  first  sight  somewhat  at 
variance  with  our  hypothesis  j  because  we  have  here 
an  appearance  of  actual  attraction  between  the  iron 
and  the  wire,  whereas  we  have  supposed  that  there  is 
no  attraction  between  them.  A  little  consideration 
will,  however,  show,  that  instead  of  contradicting, 
this  fact  will  serve  to  confirm  lite  hypothesis  in 
question. 

Let  us,  for  example,  conceive  W  {fig,  34)  to  denote  Fig.  34 
the  section  of  our  conducting  wire  descending  verti- 
cally from  the  zinc  end  of  the  battery;  then,  the  first 
and  direct  action  of  this  wire  w  ill  be  to  excite  mag- 
netism in  any  small  particle  of  iron  n  1,  according  to 
the  direction  indicated  by  the  letters  in  the  figure, 
and  agreeably  to  what  has  been  stated  in  Experi- 
ment II. 

After  which,  the  action  of  the  wire  will  be  to  urge 
the  point  n  in  the  line  n  n\  perpendicular  to  n  W,  and 
the  point  s,  in  the  line  s  s\  perpendicular  to  sW  i 
and,  in  consequence  of  the  combined  action  of  these 
forces,  the  particle  n  s  ought  necessarily  to  approach 
the  wire  in  the  same  way  as  it  would  do  by  a  direct 
attractive  force.  As  we  have  already  explained  in 
Experiment  L 

This  experiment  may  be  pleasingly  varied  by  using 
an  helix  instead  of  a  straight  wire.  The  best  form  of 
which,  in  this  case,  is  that  where  the  wire  lies  all  in 
one  plane,  as  in  fig.  35.  This  being  connected  by  Figp*  35* 
its  two  extremities  with  the  poles  of  the  battery,  will 
take  up  an  astonishing  quantity  of  filings,  which,  by 
their  reciprocal  attraction  towards  each  other,  exhibit 
the  most  pleasing  appearance. 

EXPEEIMLNT    IV. 

77.  Ta  magnetise  a  needle  by  placing  it  m  a  spiral  cou' 

ducting  wire. 

Let  ZC  (fig.  36)  represent  a  conducting  wire  bent  ^g^ 35, 
into  a  spiral  form,  and  let  the  needle  n  s  be  placed 
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Elfctro*    either  naked  in  the  spiral,  or  endosed  in  a  glass  tube, 

MagiMjtism^  or  m  a  tube  of  any  other  matter ;  make  the  con- 
"^f^"^^^  nection  with  the  battery,  and  in  an  instant  it  will  be 
»  spb^nl  found  that  the  needle  n  s  has  become  strongly  mag- 
illustrated,  nelic,  having  its  poles  posited,  as  shown  in  the  figure, 
viz.  having  its  north  end  towards  the  zinc  extremity 
of  the  battery. 

This  is  of  course  precisely  similar  to  Experiment  IL 
the  only  dilFerenee  being,  that  by  means  of  the  spiral 
form  given  to  the  wire,  the  action  npon  the  needle  is 
repeated  as  many  times  as  there  are  spires  of  the 
wire  covered  byitj  the  power  excited  is  therefore 
proportionally  stronger,  and  the  magnetism  more 
quickly  communicated.  The  explanation  of  the  effect 
produced  is  exactly  the  same  as  in  that  experiment. 
If  the  direction  of  the  contact  be  changed  by  sup- 
posing Z  to  communicate  with  the  copper  side  of  the 
battery,  the  effect  will  be  in  all  respects  the  same, 
except  that  the  polarity  of  the  needle  will  be  reversed. 
The  end  towards  Z,  in  this  case,  becoming  the  south 
instead  of  the  north  pole. 

Or,  if  a  spiral^  having  its  spires  turned  the  con- 
"Kr.  37»  Irary  way,  as  shown  in  fig.  37 »  be  used,  and  Z  be 
supposed  to  communicate  with  the  zinc  side  of  the 
battery,  the  polarity  will  also  be  the  reverse  of  that 
in  the  first  case ;  viz,  the  poles  will  have  the  direc- 
tion marked  in  the  figure  ;  and  if  here  again  the 
contact  be  changed  by  connecting  Z  with  the  copper 
side,  the  poles  will  be  once  more  inverted,  and  have 
the  same  direction  as  at  first.  These  facts,  as  we  have 
Stated  above,  are  explained  exactly  in  the  same  man- 
ner as  those  for  the  single  wire. 

In  performing  this  experiment,  Mr.  Barlow  em- 
ployed a  glass  tube  about  five  inches  in  length  and  half 
an  inch  in  diameter ;  and  it  was  observed,  when  the 
needle  was  placed  in  it,  so  that  one  half  of  it  pro- 
jected beyond  the  end,  that  the  moment  the  plates 
reached  the  acid,  (the  spirtd  being  previously  con- 
nected with  the  poles  of  the  battery,)  the  needle  was 
drawn  instantly  to  the  nTiddIc  of  the  tube,  and  while 
the  contact  was  continued,  it  was  held  suspended  in 
the  centre  of  the  tube  when  the  latter  was  held  ver- 
tically }  the  suspending  power  of  the  spiral  exceeding 
that  of  gravity. 

This  effect  is  very  curious,  because  the  needle  here 
remains  suspended  in  the  open  space,  directly  in  the 
axis  of  the  tube,  and  not  attached  to  either  side  as  in 
the  usual  cases  of  suspension  by  attraction. 

EXPERIMEKT    V. 

7S.  To  imitate  a  bar  magnet  by  a  galvanic  wire. 

Bar  magnet      Let  a  piece  of  copper  or  brass  wire  be  wound  round 

imiuted      ^ny  small  cylinder,  so  as  to   give  it  a  regular  spiral 

^t'J^  ■      form  as  in  the  last  experiment :   and  when  completed, 
rwuc  wire.  ,  ,.    ,       ^     »  i       *        i  r 

remove  the  cylinder   and  pass  each  wire  down  from 

Us  respective  end  to  the  middle,  and  then  let  each  be 

turned  through  without  touching  the  wire,  which  may 

be  readily  done  if  the  wire  possesses  aufllicicnt  stiEFness. 

Let,  then,  the  ends  Z  and  C  be  carried  off   to  the 

poles  of  the  battery,  and  the  connection  established* 

This  done  it  will  be  found  that  one  of  the  extremities 

of  the  spiral,  asN,  will  be  a  decided  and  strong  north 

pole,  and  the  other  extremity  a  south  pole  possi*ssing 

all   the  properties  of  a  common  magnet,  as  far  as 

regards  its   magnetic  action  on   a  needle  ;  but  it  has 

certain    peculiarities,  which  will  be   noticed   as  we 
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proceed.    It  is  unneeessary  to  add,  that  by  changing  Cmiti 
the  contact  the  poles  will  be  inverted*  Expl 

This  experiment,  which  is  due  to  M.  Ampere  is 
highly  favourable  to  his  theory,  which  reduces  all  """^^v* 
magnetic  phenomena  to  currents  of  electricity  ;  the 
effect  produced,  however,  is  equally  consistent  with 
our  hypothesis ;  for  at  the  extremities  of  the  spiral 
we  have  the  sum  of  all  the  effects  of  the  tangential 
actions  of  the  wire  in  one  direction,  while  in  any  in- 
termediate part  of  its  length,  the  spiral  on  one  side, 
and  on  the  other  are  acting  in  opposite  ways,  and  are 
completely  neutralized  in  the  centre.    See  fig.  38.         Fig.  M 

Experiment  VL 

79.  7a  examine  the  effect  of  a  spiral  conducting  wire  on  a 
fioafmg  magnetised  needle* 

Let  a  wire  be  wound  about  a  glass  tube  of  about 
half  or  three  quarters  of  an  inch  diameter,  and  hang 
it  within  a  basin  of  water,  as  shown  in  fig.  .*i9,  so  that 
the  surface  of  the  water  rises  to  about  the  axis  of  the 
bore  ;  then  having  pierced  a  small  piece  of  cork  with 
a  needle  previously  magnetised,  so  as  just  to  preserve 
it  from  sinking  when  immersed  in  the  basin,  make 
the  connection  with  the  battery.  The  needle  will  in- 
stantly be  agitated,  and  will  soon  arrange  itself  in 
front  of  the  spiral  in  a  direction  parallel  to  its  axis, 
and  then  suddenly  dart  into  the  interior  of  the  tube 
with  a  force  nearly  sufficient  to  carry  it  to  the  other 
extremity  ;  it  then  returns  again  towards  the  other 
end,  and  at  length  becomes  stationary  in  the  middle 
of  the  axis,  arranging  itself  exactly  parallel  to  it. 

If  the  spirals  have  the  direction  shown  in  the  figure, 
and  Z  communicates  with  ihe  zinc  side,  the  needle,  if 
placed  near  the  extremity  of  the  tube  A,  will  enter 
with  its  south  end  ^  if  placed  near  the  other  extre* 
mity,  it  will  enter  with  its  north  end  ^  but  if  the  di- 
rection of  the  sjiiral  be  changed,  the  needle  will  enter 
in  both  cjises  the  reverse  way,  as  it  will  also  if  the 
direction  of  the  spires  remain  the  same,  but  the  eon- 
tact  be  changed.  This  experiment  will  succeed 
equally  well  if  the  tube  be  placed  upright  in  the 
water,  the  needle  will  then  dive  like  a  fish,  and  re- 
main below  till  the  contact  is  broken. 

This  entertaining  and  instructive  experiment  is  due 
to  Mr,  Paraday^  the  explanation  of  it  by  our  hypo- 
thesis is  obvious,  for  the  north  pnle  of  the  particlea 
of  the  needle  being  carried  to  the  left  of  an  observer 
conceiving  himself  coinciding  with  the  direction  of 
the  wire,  and  with  his  head  towards  Z,  all  the  effects 
ought  to  take  place  precisely  as  above  stated.  M. 
Ampere,  as  we  have  seen,  had  assimilated  a  spiral 
wire  of  this  kind  with  an  actual  magnet,  and  Mr. 
Faraday  instituted  the  above  experiment  to  show  that 
there  was  not  that  identity  which  had  been  assumed ; 
for  by  suspending  a  hollow  cylindrical  magnet  in  the 
same  way,  the  needle  was  always  attracted  to  the 
nearest  extremity  of  its  edge,  and  indicated  no  ten- 
dency to  enter  the  tube. 

To  this,  however,  M.  Ampere  has  replied,  that  if 
we  consider  the  electric  currents,  which  give  action 
to  a  magnet,  to  circulate  about  every  particle,  then  H 
ought  to  follow  that  a  needle  cannot  enter  the  bore 
of  a  hollow  magnet  j  because  even  in  this  form  we 
are  still  outside  of  the  revolving  currents,  so  that  a 
magnet,  according  to  M.  Ampere,  can  only  be  strictly 
imitated,  but  by  combining  in  one  an  infinite  number 
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of   infinitely   snuill  spirals  of  the  kbd  here  repre* 
senled. 

£]|P£EIAIEXT   VIl. 

SO*  To  exfnbit  the  terresiiial  directive  quality  of  a  galvanic 
mre. 

It  was  not  lon^  after  the  first  experiments  of  Mr, 
Oersted,  that  tbe  question  naturally  suggested  itself. 
**  Has  the  galvanic  wire  a  directive,  as  well  as  a  ge- 
neralj  magnetic  power?"  This  question  was  soon 
answered  in  the  affirmative  by  M.  Ampere,  who  made 
use  of  the  following  iDgeaious  construction  : 

A  B,  fig.  40,  represents  a  piece  of  wood  fixed  to 
any  convenient  support,  through  which  pass  the  two 
wrea  G,  E,  and  where  they  remain  Bxetl.  At  their 
pper  and  lower  extremities  arc  soldered  the  small 
aetal  cups  a,  b,  c,  d.  D  H 1  K,  &c.  is  a  part  of  the 
|c<mductiag  wire,  bent  into  the  foi'm  shown  in  the 
figure  J  having  small  steel  points  soldered  upon  it  at 
c  and  d.  These  points  are  inserted  into  the  cups  c,  d, 
the  upper  one  only  resting  on  the  base  of  its  cup,  the 
other  being  merely  brought  into  contact  with  d,  by  a 
'ittle  quicksilver  placed  in  it  for  that  purpose,  by 
rhich  means  the  rectangle  lias  a  great  freedom  of 
'  3n  given  to  it,  the  only  solid  t  on  tact  being  on 
lie  point  c»  Mercury  is  also  poured  into  the  other 
cups  for  the  sake  of  a  more  perfect  and  certain  com- 
munication than  that  afforded  by  the  mere  juxta- 
position of  the  wires. 

The  apparatus  being  thus  prepared,  the  two  wires 
edi Dg  from  the  copper  and  zinc  aides  of  the  bat- 
are  inserted  into  the  cups  a^  b,  and  thus  the 
[  Conn^tion  is  established  ;  first,  by  means  of  the  wire 
[C  with  the  cup  c,  thence  by  means  of  the  contact  of 
Tthe  point  with  the  cup  and  mercury,  it  is  carried  for- 
j  ward  from  c,  throng li  the  rectajigle,  to  the  cup  d, 
lirhence  it  proceeds  to  the  ctip  a. 

We  have  already  seen  that  of  this  connecting  wire, 
the  part  from  c  to  d  has  a  perfect  freedom  of  motion 
Upon  the  point  at  c,  and  wilt  therefore  obey  any 
exciting  force.  This  force,  in  the  expenment  in 
question,  i&  the  magnetic  influence  of  the  earth,  and 
in  QOQsequeace  of  which  the  rectangle,  immediately 
l^e  cnntact  is  made,  places  its  plane  perpendicularly 
to  the  pLine  of  the  magnetic  meridian,  and  to  which 
position  it  will  always  return  after  a  few  vibrations. 
If  i4  be  druwn  out  of  it  by  the  hand,  or  otherwise. 

This  ajraogement  of  the  moveable  conductor  is 
perfectly  consistent  with  our  hypothesis,  as  is  obvious 
1  vithout  any  further  illustration  than  what  has  been 
given  in  the  sevend  preceding  experiments  j  the  mag- 
netic poles  of  the  earth  now  acting  as  those  of  an 
artificial  magnet* 

A  differently  formed  wire,  and  a  more  simple  mode 
of  suapensioD,  is  shown  in  fig  41.  Here  a  brass  or 
copper  wire  A  C,  rests  at  its  bent  end  A,  in  a  cup 
containing  a  little  mercury*,  and  is  very  moveable  in 
azimuth  round  this  point.  The  other  end  passes 
through  the  centre  of  a  circular  piece  of  pasteboard, 
and  then  forms  spiral  turnings  in  the  plane  of  this 
circular  piece.  The  wire  is  attached  by  thread  or 
iilk  to  the  pasteboard  disc,  and  at  the  point  E  it  turns 
and  descends  till  its  extremity  reaches  the  qilicksili  er 
!  ja  the  cap  D,  The  corn nmni cation  being  now  made 
[M  A  and  D  with  the  battery,  the  spiral  will  imme- 
dtately  arrange  itself,  as  in  tlie  last  case,  in  a  plane 
perpendicular  to  the  magnetic    meridian.    This  ex- 


perimcnt  is  orig^inaUy  due  to  M.  Ampere,  and  la  one  Ouut»««f 
of  great   import;mce,  as     connecting   the    terrestrial    EaLperi* 

magnetic  powers  with  galvanism.  menti, 

A  needle  upon  a  d liferent  and  still  better  construe*  ^^-^-v-^-^ 
tion^  also  due  to  M.  Ampere^  is  shown  in  lig,  4^  Fig.  42. 

81,  The  same  otherwise, 

Tlie  directive  quality  of  the  galvanic  wire  has  been 
since  exhibited  in  a  variety  of  ways,  much  more  sim- 
ple than  that  above  described^  of  which  we  shall  only 
state  the  following  : 

M,  de  la  Riieis  apparatus. ^-^This  consists  of  a  small  M.  Je  k 
galvanic  combination  attached  to  a  cork  j  the  plate  Kivi*"»  ap* 
of  zinc  is  nearly  half  an  inch  wide,  and  extends  about  P'^'^'*^^* 
one  and  a  half  or  two  inches  below  its  cork,  its  upper 
end  passing  through  the  same  j  the  slip  of  copper  is 
of  equal  width  to  the  zinc,  hut  passes  round  it,  being 
thus  opposed  to  both  its  surfaces^  as  in  Dr.  Wo  11  as  ton  s 
construetioD  ^  its  upper  end  also  appears  through  the 
cork.     A   piece  of  copper  wire,  covered    with    silk 
thread,  is  coiled  five  or  six  times,  and  tied  together 
so  as  to  form  a  ring  about  an  inch  in  diameter,  and 
the  ends  of  the  wire  are  connected,  by  solder,  one 
with  the  zinc,  and  the  other  with  the  copper  slip  above 
the  cork.     Sec  fig.  43.  Fig.  43. 

When  this  small  apparatus  is  placed  in  water, 
slightly  acidulated  with  sulphuric  or  nitric  acid,  the 
ring  becomes  highly  magnetic,  and  will  arrange  itself 
in  a  plane  perpendicular  to  the  magnetic  meridian,  or 
it  will  at  least  indicate  a  tendency  to  take  wp  that 
position,  but  the  escape  of  the  bubbles,  arising  from 
the  decomposition  of  the  water,  prevents  it  from  pre- 
serving a  fixed  direction. 

Its  magnetic  qualities,  however,  are  more  obviously 
shown  by  bringing  to  it  a  strong  magnet,  such,  for 
instance,  as  a  cylindrical  one  about  three  quarters  of 
an  inch  in  diameter,  and  eigliteen  inches  in  length.  This 
being  ajjplied  at  the  distance  of  several  inches*  the 
ring  13  immediately  attracted  or  repelled,  accordingly 
as  one  or  the  other  of  the  poles  of  the  magnet  is  pre- 
sented, or  accordingly  as  one  or  the  other  side  of  the 
wire  is  opposed  to  the  latter.  When  the  result  of 
the  application  is  attraction,  the  cork  will  advance 
towards  the  extremity  of  the  magnet,  and  if  the  latter 
be  held  horizoti tally,  and  in  a  line  Mith  the  centre  of 
the  former,  this  will  continue  to  advance  till  the  pole 
of  the  magnet  is  within  the  ring,  and  then  proceed 
with  considerable  velocity  till  it  reaches  the  middle 
of  the  magnet,  where  it  remains  perfectly  stationary. 
If  now  the  magnet  be  withdrawn,  and  changed  end 
for  end,  and  reintroduced  into  the  ring,  the  latter 
will  go  off  from  the  magnet,  turn  itself  round  when 
quite  free  from  it,  again  advance  and  settle  itself  as 
before  in  the  centre. 

This  very  simple  apparatus,  which  may  be  made  at 
the  expense  of  about  a  shilling,  throws  great  light 
upon  the  nature  of  the  electro-magnetic  action,  and 
shows  most  satisfactorily,  that,  notwithbtanding  the 
intimate  relation  between  the  electro- magnetic  and 
simple  magnetic  powers,  they  are  not  identical ;  a  simi- 
lar diflerence  being  observable  here,  as  in  Experi- 
ment VL  AH  the  above  facts  will  be  found  perfectly 
consistent  with  the  hypothesis  that  has  been  advanced  ; 
for  it  will  be  seen,  wheii  the  wire  and  cork  are  in 
equilibrio,  as  above  stated,  that  on  observer,  con- 
ceiving himself  situated  as  in  art.  43,  will  have 
the  north  end  of  the  magnet  to  his  left  hand,  and  the 
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south  to  Ills  right,  at  equal  distaQces,  and  aetbg 
therefore  with  equal  and  opposite  powers  ;  conse- 
quently the  wire  itself  ought  to  be  in  equiiibriOj  and 
when  disturbed  from  it  will  have  a  tendency  to  regain 
it,  and  hence  be  subject  to  all  the  conditiong  of  mo- 
tions that  have  been  described.  This  is,  in  fact,  very 
similar  to  Experiment  VL  the  difference  only  consist- 
ing" in  thiSj  that  in  the  present  case  the  wire  is  move- 
able and  the  mag^net  fixed,  whereas  in  the  formerj  the 
wire  was  fixed  and  the  magnet  free  j  the  explanation 
is  of  course  the  same  in  both. 

Another  form  of  this  apparatus  is  shown  in  fig.  44, 

Both  the  above  apparatuses  are  much  improved  by 
fixing  to  the  cork  a  light  glass  cylinder  A  B  to  con- 
tain the  acid,  instead  of  floating  them  in  it  ^  the 
apparatus  may  then  be  floated  on  common  water,  and 
all  the  facts  exhibited  as  above  described. 

This  appendage  to  the  original  construction  is  due 
to  I^fr.  James  Marsh,  an  ingenious  artist  at  Woolwich. 

Mr.  !Marsh  has  constructed  a  portable  electro- 
galvanic  apparatus  j  which  within  the  space  of  little 
more  than  a  cubic  foot,  contains  not  only  the  neces- 
sary galvanic  combination,  but  also  all  the  instruments 
necessary  for  repeating  nearly  the  whole  of  the  expe- 
riments detailed  in  this  section.  For  this  curious 
const]  action  the  inventor  received  thirty  guineas  and 
the  silver  medal  of  the  Society  for  the  Encouragement 
of  Arts  and  Manufactures. 

S2.  Apparatus  of  Prof,  Ian  den  Boss.^^Here  C  D,  fig. 
45,  is  a  copper  plate,  E  G  a  similar  one  of  zinc,  about 
an  inch  square,  kept  from  touching  each  otherbythc 
interposition  of  some  small  piece  of  wood :  both 
plates  are  attached  and  suspended  to  slender  brass 
wires  P  and  R.  The  wire  P enters  at  P,  in  the  hollow 
space  formed  by  a  case  of  very  thin  quills  inserted 
into  each  other,  a  boot  six  or  seven  inches  long.  The 
end  of  the  wire  comes  out  of  the  quill  at  the  extre- 
mity T  and  rcturnsj  being  wound  as  a  spiral  about  it 
to  the  other  extremity  V ;  it  then  again  enters  the 
quill  and  proceeds  in  a  right  line  to  R,  where  coming 
out  it  descends  ami  is  attached  to  the  other  plate. 
The  whole  is  sujipcnded  in  equilibrio  to  a  piece  of 
untwisted  silk  X.  The  plates  are  now  dipped  into 
dilute  acid,  and  the  whole  is  suspended  at  X,  when 
immediately  the  magnetic  quality  of  the  wire  becomes 
umnifest ;  but,  like  the  former  instrument,  it  is  not 
so  sensible  to  the  terrestrial  as  to  the  action  of  a 
strong  artificial  magnet,  with  which  its  extremities  T 
and  V  may  be  attracted  or  repelled,  according  as  the 
one  or  the  other  pole  of  the  magnet  is  applied  ;  and 
which  ought  necessarily  to  be  the  case  agreeably  to 
the  explanation  given  in  the  preceding  case. 

Experiment  VI It, 

83.  To  examine  the  invUnation  of  a  freelif  suspended  gal- 
vanic wire  as  affected  by  the  terrestrial  magnetlsJiu 

This  is  an  experiment  first  performed  by  M.  Ampere, 
Fig.  4^1.       in  which  he  employs  the  apparatus  exhibited  in  fig.  46, 
Dip  of  ihc    where  the  galvanic  circuit  is  carried  on  from  the  extre- 
?^w'^''ri^*   ^^^^y  ^^  ^^^  battery  towards  V,  passes  by  V  S,  through 
mei^  of  »  the  steel  pivot  k,  placed  on   the  metallic  plate  N,  and 
^.ilvAnic      thence  through  the  rectangle  A  B  C  D  ;  whence,  pass- 
wire*  ing  through  the  tube  x  y,  which  serves  as  an  axis  for 
the  machine,  it  is  carried  by  means  of  a  second   steel 
pivot    to  the  extremity  of  the  battery  towards  R- 
The  moment  the  connection  was  made,  M.  Ampere 


found  the  moveable  part  of  this  conductor  in  a  state  Caun 

of  vibration,  which  after  a  short  time  subsided  j  when    ^P' 
the  plane  of  the  rectangle  was  found  to  coincide  wiih      "^^ 
what  has  been  denominated  the  magnetic  equator  of 
a  needle, — that  is,  with  a  plane  perpendicular  to  the 
direction  of  the  dipping  needle. 

It  will  of  course  be  understood,  that  the  axis  of  the 
machine  must  in  the  first  instance  be  placed  very 
exactly  at  right  angles  to  the  magnetic  meridian,  that 
the  whole  requires  to  be  very  nicely  balanced,  and 
that  a  little  mercury  be  placed  on  the  plates  M  N  to 
render  the  contact  the  more  perfect. 

The  lozenge  2  w  is  made  of  %'ery  light  wood,  and 
being  fixed  on  the  axis  senses  to  keep  the  rectangle 
in  its  proper  form. 

That  the  machine  ought,  according  to  our  hypo- 
thesis, to  assume  this  direction,  is  obvious  from  all 
that  has  been  previously  stated,  and  therefore  re- 
quires no  particular  illustration. 

Experiment  TSL 

84.  To  exhmt  ihe  action  of  the  terrestrial  magnetism  upon 
a  galvanic  wire  freehj  suspended. 

Let  A  B  G  D,  fig.  47,  represent  a  recLnngidar  Fig.  4? 
piece  of  hard  wood,  having  two  grooves  a  &,  r  d,  TiTre$( 
cut  in  it,  parallel  to  its  length,  about  half  an  inch  ^""^f^^ 
in  depth,  which  are  to  be  filled  with  quicksilver  for  ^^^u. 
the  experiment.  C  p,  Z  g  are  wires  fixed  in  the  p^ndec 
board  and  passing  each  into  its  respective  groove,  gnlvj 
with  cups  for  making  the  connection  with  the  battery  ^'^"^ 
at  Z  and  C.  O  m  is  a  long  piece  of  silk  proceeding 
from  the  ceiling,  or  some  other  convenient  placej 
and  to  which  is  tied  the  wire  km  n,  bent  as  in  the 
figure,  the  points  k  and  n  being  slightly  immersed  in 
the  quicksilver  If  now  the  connection  be  made  at 
Z  and  C,  with  the  zinc  and  copper  sides  of  the  bat- 
tery, the  moveable  part  k  mn  of  the  gidvanic  circuit, 
which  has  a  great  freedom  of  motion,  will  be  pro- 
jected towards  the  extremity  A  B  of  the  board ;  and  if 
the  contact  be  changed,  by  making  ihe  zinc  con* 
nection  at  C  and  the  copper  at  Z,  the  wire  will  be 
driven  towards  the  other  extreo/ity.  As  no  magnet 
is  introduced  in  this  experiment,  we  have  a  right  to 
attribute  the  motion  to  the  effect  of  the  terrestrial 
magnetism,  the  direction  of  it  corresponding  pre** 
cisely  with  what  we  ought  to  expect  from  such 
action.  For  the  terrestrial  magnetism  of  our  latitude 
being  of  the  same  kind  as  that  exhibited  by  the  southern 
pole  of  a  magnet,  the  moveable  wire  ought  to  pass 
from  right  to  left  in  the  first  case,  and  from  left  to 
right  in  the  second,  to  an  observer  situated  as  de- 
scribed in  art.  43  j  viz.  as  forming  a  part  of  the 
galvanic  circuit,  and  with  his  head  towards  the  zinc 
end  of  the  battery  -  that  is  to  say,  with  the  first  con- 
tact the  wire  ought  to  be  projected  towards  AB,  and 
with  the  second  towards  D  G, 

To  prove  that  the  motion  proceeds  from  this  cause, 
let  the  south  pole  of  a  strong  magnet  be  brought 
under  the  board  between  Z  and  C,  and  make  the  con- 
tact again  ;  and  the  same  motion  will  take  place,  but 
in  a  much  stronger  degree,  the  wire  being  now  thrown 
very  forcibly  out  of  the  mercury. 

The  effect  therefore  being  precisely  of  the  same 
character,  but  much  more  powerful  in  the  latter 
case  than  in  the  former,  we  have  a  right  to  conclude 
that  the  cause  of  the  motion   in  both  cases  is  of  a 
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like  oamre,  the  one  proceecTing  from  a  southern  po- 
larity artificially  produced,  and  the  other  fram  the 
natunil  magnetic  action  of  the  terrestrial  sphere,  as 

[Stated  by  ^Ir,  Faraday,  to  whom  we  are  indebted   for 

[tliijs  interesting^  experiment, 

£XP£BIAI£NT  X* 

BBn  To  exh^t  the  rotaiion  of  a  magnet  round  a  galvanic 
wire. 

Let  ABED,  %.  48,  represent  a  cup  of  glass, 
•©^^  WDod»  or  any  other  non-conductor,  and  N  S  a  small 
ntBgDet,  having  a  hole  drilled  at  S,  whereby  it  may 
be  fixed  by  a  short  piece  of  silk  8  r/,  to  the  copper 
wire  c^C,  passing  through  the  foot  of  tlie  tni>;*  and 
lei  mercury  be  poured  into  the  latter  till  the  needle 
Itoata  nearly  verticaL  Conceive,  also,  Z  z'  to  be  apart 
of  the  conducting  wire,  descending  from  the  zinc  side 
of  the  batterj%  and  slightly  immersed  in  the  quick- 
Mi  vcr.  If  now  the  contact  be  made  at  C  with  the 
copper  side  of  the  battery,  the  magnet  N  S  begins 
[to  rotate  about  the  wire  Z  r^,  passing  towards  the 
left  hand  of  the  obser\'er,  situated  according  to  the 
jiriociples  of  art,  49,  This  rotation  will  be  greater  or 
le^,  according  to  the  power  of  the  baliery,  and  will 
crontinne  while  there  is  sufficient  force  in  the  latter  to 
overcome  the  resistance  of  the  quicksilver  to  the 
motion  of  the  magnet.  If  the  descending  wire  pro- 
LMed  from  the  copper  side  of  the  battery,  the  motion 
rill  take  }dace  in  a  contrary  directiouj  that  is,  from 
left  to  right. 

Or,  if  the  contact  remain  the  same,  ai;id  the  mag- 
met  inverted,  then  also  the  motion  will  be  reversed  j 
but  if  the  contact  and   magnet  be  both  reversed,  the 
rotation  will  be  the  same  as  in  the  first  instance. 

This  highly  curious  and  important  experiment, 
l^hich  is  due  to  Mr,  Faraday,  of  the  Royal  Institution, 
is  immediately  explained  by  our  hypothesis  ;  accord- 
ing to  which,  the  extremity  N  of  the  magnet  is  always 
acted  upon  by  two  forces,  one  the  gtilvanic  force, 
which  is  tangential  to  the  wire,  and  the  other  the 
tension  of  the  silk  S  c',  in  the  direction  of  the  mag- 
net. Let  this  latter  be  resolved  into  two  forces,  one 
vertical  and  the  other  horizontal,  and  we  shall  find 
the  extremity  N  under  the  influence  of  two  horizontal 
forces,  one  always  central  and  the  other  tangentiaL 
The  result  of  which  must  be  a  rotation  of  that  point 
:ibout  the  wire  j  and  it  will  be  made  witli  the  position 
and  arrangement  shown  in  the  figure^  from  right  to 
left,  the  observer  supposing  himself  situated  as  in 
an.  49. 

ExFERtMEKT  XI. 

8^,   To  exhibit  the  rotation  of  a  galvanic  wire  about  i}ie 
magnet. 

Let  A  B  DE,  r]g.  49,  be  a  cup  or  vessel  of  wood 
I  of  or  glass,  and  N  S  a  magnet  passing  tight  through  its 
foot  J  Z  I,  a  conducting  wire  descending  from  the  zinc 
side  of  the  battery,  and  rendered  free  to  move  by  the 
chain  connection  at  g.     Let  mercury  be  poured  into 

•  llie  small  metal  cup  at  C  i&  soldered  to  the  wire,  and 
luivijig  m  little  quicksilver  in.  U,  fumi sties  the  best  means  of 
]ii«kiiiA  tlie  contact,  the  ends  of  the  wire  being  nmTik'am&ted 
Ibc  th%t  purpose.  It  h  not^  liowcror,  aetually  necessary  to  em- 
floy  thl»  mode,  as  the  simple  contact  of  the  v?ireH  in  MtifTicienC  | 
}mt  we  hare  always  found  the  comity t tun  sMwii  in  the  figiue  to 
«ttc«ee4  best. 
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the  vessel  till  the  extremity  of  the  wire  is  slightly  im- 
mersed in  it.  Then  the  contact  being  made  at  C, 
(which,  by  means  of  the  wire  D  C,  communicates 
with  the  quicksilver,)  the  wire  g  z  will  immediately 
assume  a  rapid  rotatory  motion,  much  greater  than 
in  the  former  case,  the  resii^tance  being  very  consider- 
ably diminished  by  the  mode  of  suspension.  The 
direction  of  the  motion,  according  to  the  arrange- 
ment in  the  figure,  being  from  left  to  right,  to  a 
person  coinciding  in  position  %vith  the  magnet.  It 
may,  however,  be  reversed  by  reversing  the  magnet, 
or  by  changing  the  contact,  as  in  the  preceding  cases. 
This  experiment  is  also  due  to  Mr,  Faraday,  and  its 
explanation  is  the  same  as  in  the  last;  for  since  when 
the  magnet  is  free  it  will,  as  we  have  seen,  revolve 
about  the  wire  from  right  to  left,  it  follows  that, 
when  the  magnet  is  fixed  and  the  wire  free,  the  latter 
will  revolve  in  an  oppo.sire  direction,  (the  action  and 
reaction  between  the  wire  and  the  magnet  being  re- 
ciprocal,) which  is  still  however  towards  the  left  of  a 
person  supposed  now  as  coinciding  in  position  with 
the  magnet,  and  his  head  to  the  north, 

87.    Tht  same  otherwUte* 

The  resistance  being  very  inconsiderable  in  this 
experiment,  it  may  be  exhibited  in  a  more  simple 
manner.  For  instance,  instead  of  piercing  the  foot 
of  the  cup,  as  in  the  figure  referred  to,  it  will  be  suf- 
ficient to  use  a  tea- saucer,  or  any  other  shallow  vcij- 
sel,  and  to  bring  a  strong  magnet  as  near  to  it  as 
possible  under  the  table,  when  the  motion  will  take 
place  precisely  in  the  same  manner  as  above » 

By  this  means  also  we  may  establish  a  most  inci- 
portiuit  fact ;  viz.  that  it  is  indifferent,  as  to  the  re- 
sult of  the  experiment,  what  may  be  the  position  of 
the  magnet ;  that  is  to  say,  if  we  keep  the  extremity 
of  it  as  nearly  as  possible  under  llie  centre  of  the 
vessel,  we  may  hold  it  either  \'ertical  or  horizontal, 
or  incline  it  in  any  angle,  and  at  any  azinmth,  with- 
out greatly  changing  the  rate  of  the  rotation  ]  it 
being  always  understood  that  the  juagnet  should  be 
of  considcrtible  length,  in  order  that  its  other  pole 
may  not  afliect  the  motion  of  the  wire.  This  result 
ought  necessarily  to  be  obtained,  for  iti  expldning  the 
cause  of  the  motion  of  the  magnet  about  the  wire,  in 
Experiment  X.,  we  have  made  no  reference  to  the 
position  of  the  magnetic  particles  themselves ;  the 
niotitm^  according  to  the  principles  we  have  adopted, 
^vould  take  place  exactly  the  same  (except  as  far  as 
regards  the  mech:mical  difticiilty)  if  the  magnet  coyld 
have  been  placed  horizontally  intead  of  vertically,  and 
therefore  the  rotation  of  the  wire  about  the  magnet 
ought  to  be  the  same  in  both  cases ;  viz.  with  the 
magnet  placed  either  vertically  or  horizontally,  and 
consetpiently  also  at  all  intermediate  angles  of  in- 
clination. This  result  Vizs  supposed  by  Mr  Barlow 
to  be  at  variance  'w  ith  the  theory  of  M.  Ampere  | 
but  the  latter  philosopher,  as  well  as  "M,  Savary,  has 
shown  that  it  is  in  no -wise  contradictory,  but  con- 
finiiatory  of  the  doctrine  in  question, 

EXPEKIUENT  XIL 

88.  Ezhibiting  the  two precediftg  rotations  bif  Mr^  Farada/s 
apparatus. 

The  machine  for  the  exhibition  of  these  motions, 
according  to  Mr.  Farattay*s  construction^  is  shown  in 


Course  of 
1-x  peri- 
meats. 
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Electro-    fig.  50.     ABCD  is  a  stand  of  ivood,  £  F  a  brass 

Magnetism  pillar,  F  G  a  fore  arm  or  projecting  piece  of  brass, 

^^— ^V"^  through  the  extremity  of  which  passes  the  wire  L  H  Kj 

M^Far  -    *^  ^'  ihere  is  a  sort  of  ball  and  socket  joint ;  the 

day's  appa-  •<>cket  being  in  the  upper  part,  and  the  ball  fitting  it, 

ratus  de-     Ml  the  small  wire  L  m.     Both  the  socket  and  ball  are 

scribed.       amalgamated,  and  a  piece  of  silk  fixed  to  the  ball,  or 

head  of  the  wire,  passes  through  a  hole  drilled  in  the 

wire  L  H,  and  by  which  the. smaller  wire  is  suspended, 

thereby  preserving  the  contact,  and  leaving  to  the 

latter  a  perfect  freedom  of  motion  ;  ab  is  a  glass  cup 

having  a  hole  through  its  foot,  into  which  is  inserted 

a  copper  tube,  soldered  to  a  copper  disc  just  the  size 

of  the  bottom  of  the  glass,  and  which  disc  is  cemented 

to  the  foot  of  the  latter. 

•  The  wire  Z  z  is  also  soldered  to  another  copper 
disc,  upon  which  the  glass  rests  ;  and  by  which  the 
ooBtact  is  carried  on  ^om  Z  to  the  quicksilver  in  the 
cup,  and  thence  to  the  wire  m  L  j  lastly,  a  small 
magnet  n  s  is  inserted  into  the  copper  tube,  passing 
through  the  stem  of  the  glass  above  mentioned. 

The  foot  of  the  cup  c  rf  is  pierced,  and  discs  of 
copper  applied  as  in  the  cup  a  b ;  but  the  wire  pass- 
ing through  the  foot  is  solid,  and  to  it  is  fixed,  by  a 
^lort  string,  the  small  magnet  n  s,  which  is  thus  free 
to  revolve  about  the  descending  wire  H  K ;  quick- 
silver, as  in  the  preceding  cases,  being  poured  into 
the  cup,  till  the  wire  H  K  is  slightly  immersed  in  it 
at  K.  The  contact  with  the  battery  being  now  made 
at  Z  and  C,  the  motions  will  take  place  as  described 
ia  the  two  last  experiments ;  viz.  the  magnet  n  5  in 
the  one  cup  will  revolve  about  the  wire  K,  while  the 
wire  L  m  ^vill  at  the  same  time  be  revolving  about  the 
other  magnet  n  s. 

If  the  cup  c  d  be  placed  where  the  cup  a  6  is  re- 
presented, then  the  magnet  and  wire  being  both  free, 
they  will  revolve  about  each  other,  and  thus  produce 
a  pleasing  variety  in  the  experiment. 
F»?«  51.  A  section  of  this  machine  is  shown  in  fig.  51.     A 

more  simple  apparatus  for  exhibiting  the  rotation  of 
the  wire  about  the  magnet  has  been  already  described 
in  art.  30. 

£xPBRIlfENT   Xni. 

89,  To  exJubit  the  rotation  of  a  magnet  on  its  axis  by  the 
effect  of  a  galvanic  wire. 
R^^tat*^     f     ^®*  ABDE,  fig.  52,  represent  a  cup  of  glass  or 
a  wire^n    ^o^»  N  S  a  magnet,  having  at  its  lower  extremity 
its  axis.       &  fiiic  steel  point,  inserted  in  the  agate  a;  b  c  is  a 
thin  slip  of  brass  or  ivory,  having  a  hole  through 
which  the   magnet  passes  freely,  and  by  means  of 
which  it  is  kept  perpendicular :  at  the  upper  extre- 
mity N  of  the  magnet,  is  a  thin  cylinder,  as  a  piece 
of  quill,  forming  a  cup  or  reservoir  z  to  receive  a 
small  quantity  of  quicksilver ;    and  into  this  is  in- 
serted the  wire  Z,  amalgamated  at  its  lowest  pointy 
and  C  c  is  a  stout  wire  passing  through  the  side  of 
the  cup  into  the  quicksilver.      Then,  the    contact 
being  made  at  C  and  Z,  the  magnet  will  begin  to 
revolve  on  its  axis,  with  a  very  astonishing  velocity, 
and  continue  in  motion  while  the  power  of  the  battery 
lasts. 

This  pleasing  experiment  is  due  to  M.  Ampere, 
who  employs  only  a  piece  of  platinum  attached  to 
the  magnet,  to  produce,  by  its  superior  gravity,  a 
vertical  position  of  the  latter  in  the  mercury ;  the 
upper  wire  being  then  inserted  into  the  quicksUver  in 


the  cylinder  z,  and  the  other  wire  into  die  cup  C, 
the  motion  is  produced  exactly  as  above  described  : 
the  greatest  freedom  of  motion  is,  however,  given  by 
the  apparatus  shown  in  the  figure. 

The  explanation  of  this  rotation  is  very  obvious 
according  to  the  hypothesis  we  have  adopted,  for  the 
tangential  force  of  the  wire  acting  upon  the  magnetic 
particles  on  the  surface  of  the  magnet,  must  neces- 
sarily produce  the  rotation  in  question,  on  precisely 
the  same  principles  as  the  magnet  is  made  to  revolve 
about  the  wire  in  the  fifth  experiment. 

Experiment  XTV. 

90.  To  exhibit  tlie  rotation  of  a  galvanic  %Dire  on  its  axis 

by  the  action  of  a  magnet. 

Let   N  S,  Rg.  53,  be   a    magnet,    represented  as  Fig.  53. 
broken  in  the  figure,  but  which  is  fixed,  in  the  expe-  Rotation 
riment,  in  a  foot,  in  order  to  keep  it  vertical  j  and  let  ?  ^^  ^ 
a  b  c  d  he  a,  light  hollow  copper  or  brass  cylinder      *^^**' 
having  a  steel  point  passing  downwards  into  the  agate 
cup  /,  fixed  to  the  upper  end  of  the  magnet  j  and  let 
e  be  a  small  tube  or  quill  fixed  on  the  wire  passing 
through  the  top  of  the  cylinder,  holding  a  little  quick- 
silver, and  receiving  into  it  the  descending  conducting 
wire  Z.     A  B  is  a  piece  of  wood  turned  to  fit  on  the 
cylindrical  magnet  N  S,  which  has  a  hollow  groove 
on  its  upper  surface  to  receive  a  quantity  of  quick-  ^ 

silver,  into  which  the  lower  edge  of  the  cylinder  a  d 
is  slightly  immersed,  the  surface  being  covered  with  . 
weak  dilute  nitric  acid.  A  C  is  a  wire  passing  into 
the  quicksilver.  It  is  obvious  that  thus  (the  contact 
being  made  at  Z  and  C)  the  galvanic  circuit  is  carried 
from  Z  through  the  cylinder  abed,  thence  to  the 
quicksilver,  and  hence  again  through  the  wire  A  C 
to  the  other  extremity  of  the  battery,  whereby  the 
cylinder  abed  is  made  to  become  a  part  of  the  con- 
ducting wire,  and  it  will  be  found  to  revolve  on  its 
axis  with  a  great  velocity,  fully  equal  to  that  of  the 
magnet  in  the  last  experiment  -,  the  direction  of  the 
motion,  with  the  arrangement  shown  in  the  figure, 
being  from  left  to  right,  to  a  person  coinciding  in 
position  with  the  magnet. 

If  we  conceive  the  cylinder  to  consbt  of  an  infinite 
number  of  wires,  the  explanation  of  this  motion  is 
the  same  as  in  Experiment  XI.  This  experiment  is 
due  to  Mr.  Barlow. 

EXFERIUENT    XV. 

91.  To  exhibit  the  rotation  of  the  wire  and  magnet  when 

both  are  combined  in  one  system. 

In  the  preceding  experiments  relative  to  the  rota-  Rotatioa 
tion  of  the   magnet  and  wire,    the    one  has    been  the  wire 
fixed,  and  the  other  free,  or  they  have  both  been  free,  J^^'^ 
as  in  Experiment  XII.    In  this  experiment  the  two  ^^^ 
are  invariably  connected,  but  the  rotation  still  takes 
place.  E  FC  D,  fig.  54,  is  a  cup  filled  with  mercury,  N  S  Fig.  U. 
a  magnet  loaded  with  a  piece  of  platinum  T  S  to  give 
it  verticality  in  the  fluid.    LM  is  a  wire,  with  a  small 
cup  of  mercury  Z,  for  making  the  connection  with 
the  battery.    The  ends  L  M  of  the  wire  pass  through 
a  piece  of  card,  or  any  light  substance,  (in  which  also 
the  magnet  is  fixed,)  and  thence  descends  into  the 
mercury.    The  connection  being  now  made  with  the 
battery  at  Z  and  C,  the  wire  L  M  will  rotate,  as  in 
the  last  experiment,  carrying  with  it  the  magnet  N  S. 
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This  experiment,  which  is  due  to  Mr.  Faraday,  shows 
that  the  tangential  force  which  causes  these  rotations 
does  not  take  place  between  any  fixetl  point  in  the 
maeaet  and  wire,  but  that  it  exists  between  the 
pftrtjcles  of  the  fluids  in  the  two  bodies,  and  that  the 
gnetism  being'  accumulated  at  N,  the  action  is  the 
acj  whether  the  magnet  be  in  motion  or  at  rest, 
as  we  ought  a  priori  to  have  expected  according  to 
the  hypothesis  advanced  in  art.  45. 

EXPEBIMBKT  XVL 

02.    To  eihihU  a  quicksilver  vorUx  6y  means  of  a  galvanic 
wire  and  magiieL 

Ta  perform  this  experiment  it  is  only  necessary 

to  take  any  shallow  non-conducting  vessel  and  put 

into  it  a  quantity  of  pure  mercury,  into  which  is  to 

be   inserted  the  conducting  wires  Z,  C,   proceeding 

fefpcctively  from  the   zinc  and  copf>er  sides  of  the 

battery.     And  if  now  the  north  end  of  a  strong  mag- 

tict  be  brought  under  the  vessel,  the  quicksilver  round 

tJie   wire  C  will  begin  to  revolve  about  the   same, 

forming    a    beautiful  vortex,    the   direction    of    the 

motion  being  from  left  to  right.     If  the  magnet  be 

removed    under  the  other  wire,   the   same  kind  of 

BK^tion  will  be  produced,  but   its  direction  will  be 

I  lerersed,  and  the  same  change  of  motion  will  take 

IplBce^  of  course,  in  each  case,  by  changing  the  end  of 

ftlie  nm^et. 

The  explanation  here  is  precisely  the  same  as  in 
Experiment  XIV.  •  the  moveable  part  of  the  con- 
ductor in  this  case,  owing  its  mobility  to  its  fluid 
ttature,  whereas  in  the  former  it  h  due  to  the  pe- 
culiar mode  of  suspension* 

This  very  elegant  experiment    ig  due  to  Sir  H* 

$3.  To  exhUtii  the  rotafum  of  the  galvanic  wire  independ' 
enU^  of  ihe  galvanic  haiiery^ 

Far  this  purpose  we  must  employ  the  apparatus 
exhibited  in  fig.  55,  where  A  B  C  B  i»  a  small  copper 
"  vessel  about  ^i  inches  high,  and  the  same  in  diame- 
ter j  abed  is  another  smidl  cylinder  of  copper,  of 
the  same  height,  soldered  to  the  former  vessel  at  its 
lower  end  d  c,  a  hole  being  left  m  the  bottom  of  the 
former  to  receive  it.  The  cylinder  ah c  d  is  there* 
fore  open,  and  will  admit  a  cylindrical  magnet  to  be 
passed  up,  and  it  will  at  the  same  time  hold  a  quan- 
tity of  dilute  acid  within  the  space  XT^dahc^C  -. 
2r  is  a  zinc  cylinder,  very  light,  of  rather  less  alti- 
tude than  the  copper  one.  To  the  cylinders  a  b  and 
x/are  soldered  two  copper  wires,  as  shown  in  the 
%ure,  the  upper  one  having  a  steel  point  proceeding 
Irom  E  downwards  and  resting  in  a  8maU  metal  hole 
at  F,  and  consequently  the  cylinder  z  z'  will  be  free 
to  move  upon  its  point  of  suspension  F. 

Things  being  thus  prepared,  and  the  acid  placed 
in  the  cell  as  above  described,  insert  through  the  in- 
terior cylinder  the  north  end  of  a  strong  cylindrical 
magnet^  and  balance  the  whole  apparatus  upon  it ; 
when  imiQcdlately  the  zinc  cylinder  will  begin  to 
revolve,  with  a  greater  or  less  velocity,  according  to 
the  strength  of  the  acid,  the  freedom  of  motion,  and 
the  power  of  the  magnet.  We  have  frequently  with 
this  simple  apparatus  produced  a  motion  amounting 
to  120   rotations  per  minute.     The  only  difference. 


between  this  and  the  other  rotations  above  described.  Course  of 
is,  that  the  galvanic  power  is   here  produced  by  the    ^P*^*^- 
apparatus   itself,  instead  of  having  recourse  to  the  vJ^^J. 
battery.  v^"^ 

For  it  is  ob^Hous  that  the  -wire  from  z  z*  to  E, 
may  he  considered  as  a  conductor  proceeding  from 
the  zinc,  and  the  wire  from  «  6  to  F,  as  one  from 
the  copper  side  of  the  battery  j  and  consequcnth',  the 
same  eJfeet  is  to  be  expected  here  as  in  the  pre- 
ceding cases.  It  is  unnecessary  to  add,  that  with 
the  north  end  of  the  magnet  upwards,  the  motion  is 
from  left  to  right,  and  the  contrary  with  the  magnet 
reversed. 

This  experiment  is  due  to  M.  Ampere. 

94.  The  same  oUicrwise,  hy  Mr,  Marsh, 

A  very  ]>leasmg  addition  has  been  made   to  this  Mr. 
apparatus   by   Mr.  J,  Marsh.      It  consists  in   having  Marsl/sro- 
a  second  point  descending  from  F,  which  is  made  to  "^^^^Y  ^P'. 
rest  in  an  agate  cup^   fixed  on  the  top  of  the  magnet, 
^g,   56,    and  upon    which    the    whole    machine    ispv^sg, 
balanced,  having  a  perfect  freedom  of  motion  j  and 
to  preserve  this  balance,   the  magnet  is  placed  verti- 
cally in  a  foot.     The   machine    being   now   charged 
with  acid,  a  compound  motion  takes  place,  the  zinc 
cylinder  revolving  in   one  direction  and  the  copper 
vessel  in  another,  producing  thus    a  very  pleasant 
effect  ^  the  latter,  however,  is  by  no  means  so  rapid 
as   the  other,  in  consequence  of  the  weight  of  the 
acid,  and  in   fact  that  of  the  whole   machine  being 
supported  on  the  lower  point. 

EXPEBIHEKT  XV III. 

95.  To  show  the  effect  of  a  horse-shoe  magnet  on  a  freely 
suspended  galvanic  wire. 

Let  Z   z,     fig.  57»  denote   a  part  of  the  galvanic  Oadllatorr 

wire,  freely  suspended   by  the  chain  connection  at  o,  motbn  ot 

proceediner  from  the  zinc  end  of  a  batterv,  its  lower  ^r^^^'^J'^ 

'  Wire    bv 

extremity  being  amalgamated  and  slightly  immersed  Mr.  Mnrak 

in  a  reservoir  of  pure  mercury,  having  a  connection  _,.     .^ 

at  C  with  the  other  extremity  of  the  battery.     N  S  ^^"^^•' 

is  a  horse-shoe    magnet,  posited  as  shown  in   the 

figure. 

The  contact  being  now  made  at  C  and  Z,  the 
hanging  part  of  the  wire  o  z  will  be  thrown  out  of 
the  mercury  into  the  position  o  z'^  the  contact  being 
thus  brDken,  it  falls  by  its  own  gravity  into  the 
mercury,  by  which  means  the  contact  being  renewed 
it  is  agiun  projected,  and  so  on  with  an  extraordinary 
rapidity  J  and  if  the  position  of  the  magnet  be  re- 
versed, or  the  contact  be  changed,  the  direction  of 
the  motion  wilt  be  changed  also,  but  the  effect  will 
be  the  same. 

This  singular  motion  may  be  still  explained  by 
the  hypothesis  that  has  been  advanced  j  tor  the  wire 
having  a  tendency  to  pass  round  the  north  end  of 
the  magnet  to  the  right  hand,  and  round  the  south 
end  to  the  left  hand,  is  urged  by  equal  forces  directly 
in  a  line  with  the  open  space  of  the  magnet,  the 
equality  of  the  two  forces  preventing  the  rotatory 
motion  about  cither,  but  both  conspiring  to  give 
to  the  wire  the  rectilineal  motion  which  has  been 
described. 

This  experiment  is  also  due  to  Mr.  J.  Marsh, 
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Fig,  59. 


Electro-  Experiment  XIX. 

Magnetism 

>,^.-.^^,-^»/  96.  To  exhibit  a  wheel  and  axle  rotation  by  means  of  a 

horse-shoe  magnet. 

Fig.  58.  The  machine  by   which  this  motion  is  produced 

Wheel  and  jg  represented  in  fig.  58,  where  A  B  is  a  rectangular 
axle  rota-  pj^^g  ^f  jjjy.j  ^ood,  C  D  an  upright  wooden  pillar, 
D  E  a  piece  of  stout  brass  or  copper  wire,  and  aba 
somewhat  smaller  wire,  soldered  upon  it  at  F,  on  the 
lower  side  of  which  the  wheel  W,  of  thin  copper, 
turns  freely ;  /i  /  is  a  small  reservoir  for  mercury, 
sunk  in  the  wood,  and  gin  narrow  channel  running 
into  it :  H  H  is  a  strong  horse-shoe  magnet.  Mer- 
cury being  now  poured  into  the  reservoir  /  g,  till  the 
tips  of  the  wheel  are  slightly  immersed  in  it,  and  the 
surface  covered  with  weak  dilute  nitric  afld,  let  the 
connection  with  the  battery  be  made  at  i  and  D,  and 
the  wheel  W  will  immediately  begin  to  rotate  with  a 
great  velocity.  If  the  contact  be  changed,  or  if  the 
magnet  be  inverted,  tho  motion  of  the  wheel  will  be 
reversed  ;  but  in  general,  the  best  cflfect  is  produced 
when  the  wheel  revolves  inwards.  The  suspension 
of  the  wheel,  which  is  found  to  answer  the  best,  is 
shown  in  fig.  59.  This,  which  is  due  to  Mr.  Barlow, 
is  a  necessary  consequence  of  the  motion  described 
in  the  last  experiment,  by  which  it  was  suggested, 
and  the  motion  is  explained  on  the  same  principl  es. 

Experiment  XX. 

97.  To  exhibit  a  compound  wlieel  and  axle  rotation  with  two 

horse-shoe  magnets. 

Fig.  60.  The  machine  for   producing  this  motion  is  shown 

Compound  in  fig.  60  5   ABGD  is  a  rectangular  piece  of  board, 

Mle^rota-    ^^ving  two  grooves,   about  half  an    inch  deep,   cut 

tion.  in  it  parallel  to  its  length.     C  p,  Z  7,  are  two  wires 

having  cups    for    connection   at  Z  and  C,  and  each 

passing  into  its  respective  groove  a  b,  c  d,  filled  with 

mercury  ;    into    which    are    slightly  immersed    the 

points  of  the  wheels  WW^:  these  being  fixed  oh  an  axle 

W  W^  and  resting  upon  the  two  supports  7n  n,  r  s, 

brought  to  a  fine  edge  at  n  and  s,  in  order  to  reduce 

the  friction    as  much  as  possible,  and  to  give  the 

greater  freedom  of  motion.     N  S  are  two  horse-shoe 

magnets,  posited  as  in  the  figure,  with  the  like  poles 

interior  and  exterior  of  the  wheels. 

The  apparatus  being  thus  prepared,  and  the  contact 
made  at  Z  and  C,  the  wheels  will  begin  to  rotate, 
and  in  a  very  short  time  will  acquire  a  velocity  ex- 
ceeding very  considerably  any  of  the  motions  hitherto 
described. 

It  is  unnecessary  to  say  that  by  changing  the  con- 
tact, or  by  inverting  the  magnets,  the  direction  of 
the  rotation  will  be  also  changed.  The  usual  pre- 
caution of  covering  the  surface  of  the  mercury  with 
weak  dilute  nitric  acid,  will  increase  the  rapidity  of 
rotation,  but  it  is  not  actually  necessary  in  this  case. 
This  experunent  is  also  due  to  Mr.  Barlow 

Experiment  XXI. 

98.  To  produce  a  rotation  of  the  galvanic  wire  by  means  of 

the  terrestrial  magnetism. 

Rotation  This  interesting  experiment   is   due  to  Mr.  Fara- 

produredby  ^^y^  and  it  proves,  in  the  most  satisfactory  manner, 
terrestrial  ^y^^  influence  of  the  terrestrial  magnetism  in  the 
magnetitm  pyQ^jm^tiQu  Qf  ^  rotatory  motion.     It  is  performed  as 


follows  :  a  very  light  copper,  or  platina  wire,  about  Course 
six  inches  long,  is  suspended  very  freely  from  a  larger    1=^*P«" 
wire  proceeding  from  either  end  of  the   battery,  by     ^^^^' 
means  of  the  chain  connection  described  in  sever^  of  ^"^^^^^ 
the  preceding  experiments,  and  at  its  lower  extremity 
a  small  piece  of  cork  is  attached  in  order  to  keep 
the  wire  buoyant  on  a  basin  of  pure  mercury,  about 
ten  inches  in   diameter.     The  wire  by  which    the 
above  small  moveable  piece  is  suspended,  is  then  so 
much   depressed  that    the  proposed  revolving  wire 
slopes  at  an  angle  of  about  40°  with  the  horizon  ;  in 
this   state  the   circuit  of    the   battery  is  completed 
through  the  mercury  in  the  basin  and  the  other  con- 
ducting wire,  when  immediately  the  short  wire  com- 
mences a  rotation,  as  it  would  do  about  the  south  end 
of  a  magnet,  but  in  a  proportionally  less  degree,  as 
tlie  directive  power  of  the  earth  is  less  than  that  of  a 
magnet  of  the  kind  here  supposed. 

This  similarity  of  action  naturally  leads  us  to  infer 
a  similar  cause,  and  that  this  cause  is  no  other  than 
the  terrestrial  magnetism  ;  still,  however,  in  order  to 
render  this  conclusion  the  more  indisputable,  Mr. 
Faraday  changed  the  inclination  of  the  wire,  making 
it  first  equal  to  the  angle  of  the  dip ;  and  when  under 
these  circumstances  the  wire  was  placed  so  as  to 
coincide  with  the  dip  itself ;  viz.  when  placed  in  the 
magnetic  meridian,  sloping  from  south  to  north,  there 
was  no  motion  -,  and  when  the  angle  was  still  farther 
increased,  so  as  to  exceed  the  angle  of  the  dip,  it  was 
projected  in  two  different  directions,  according  as  it 
was  made  to  slope  to  the  north  or  to  the  south,  which 
is  precisely  what  ought  to  be  the  case  on  the  suppo- 
sition of  the  motion  being  caused  by  the  magnetism 
of  the  earth. 

For  let  0  z,  0  /,  in  fig.  61  and  62,  represent  the  Fig.  61  a 
freely  suspended  wire  in  the  plane  of  the  meridian,  62. 
sloping  respectively  to  the  north  and  south  5  and  let 
N  S  in  both  figures  denote  the  direction  of  the  ter- 
restrial magnetism ;  then  it  is  obvious  in  the  first  of 
these  figures,  that  whether  the  slope  be  towards  the 
north  or  towards  the  south,  it  will  be  always  on  the 
same  side  of  the  line  N  S,  and  will  in  both  cases  be 
projected  in  the  same  direction  with  respect  to  the 
observer,  situated,  as  supposed  in  art.  49,  and  con- 
sequently in  opposite  directions  as  referred  to  the 
circular  rotation  of  the  extremity  z  or  2/.  But  when 
the  slope  is  less  than  the  dip,  then  the  wire  in  its 
two  positions  being  found  on  opposite  sides  of  the 
line  of  direction,  and  passing  still  to  the  same  hand 
of  an  observer  situated  in  the  wire,  a  rotation  will 
ensue  similar  to  those  that  have  been  described  in  our 
Experiments  XI.  and  XII. 


99. 


Experiment  XXII 

To  exhibit  the  action  of  two  galvanic  wires  on  each 
other. 


The   apparatus  which  may  be  employed  for  this  Fig-  ^; 
purpose  is   shown  in  fig.  63,  where  A  B  represents  ^^'^^JJJ 
a  rectangular  board,  and  D,  E,  two  upright  pieces  gj^^  ^f  j 
of  wood,    carrying  each  a   cross-piece  at  top  with  vanic  wl 
several  holes  for  receiving  the  cups  m  m',  n  rJ  which  exbibitei 
by  this  means  may  be  placed  at  different  distances  ; 
a  little  mercury  is  poured  into  each  of  these  so  as  to 
communicate  with   the  wires  inserted  through  the 
side  of  the  cup,  and  terminated  with  fine  points.   The 
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wires  «mi  a'  •p',  w  h  1/  w'  are  bent  as  shown  in  the 
figure,  and  liave  small  holes  drilled  at  a  f/  b  y, 
Trhereby  they  may  be  h^ng  freely  upon  tbe  pointB  of 
the  wires  m  m',  ^c.  and  carrying  small  weights  m  w;', 
&c.  in  order  to  bring  the  points  of  suspension  to  cor- 
respond as  nearly  as  possible  witli  the  centre  of  g^ravity^ 
\* hereby  the  wires  arc  moved  by  the  least  force. 
The  conducting  wires  from  the  extremities  of  the 
i_battery  Z  and  C  are  terminatccl  as  represented  in  the 
ire,  and  being  each  brought  to  the  respective  cups, 
that  z  x'  are  respectively  inserted  in  the  cups  m  n, 
and  c^  c  into  the  cups  m'  «',  the  circuit  will  be  made 
through  the  two  wires  a  a\  b  1/  in  the  same  di- 
rection, and  these  being  free  to  move  about  the 
points  in  the  respective  cups,  will  be  strongly  at- 
tracted towards  each  other^  even  at  the  dtsttince  of 
several  inches. 

Let  now  the  branch  z  of  the  conducting  wire  Z  z 
lengthened  so  that  it  may  pass  round  the  board 
nd  be  inserted  in  the  cup  n\  while  2'  is  inserted  in 
the  cup  m  as  before;  lengthen  also  the  branch  e  of 
the  conducting  wire  C  c,  passing  it  round  the  board 
ad  dipping  it  into  the  cup  n,  while  t^  is  immersed 
in  m'  as  at  first  j  by  this  means  tbe  circuit  passes 
from  t  to  c  along  the  wire  h  b\  and  from  z^  to  c'  along 
the  wire  a  a';  in  short,  the  circuits  in  the  tw^o  wires 
are  now  made  in  opposite  directions,  and  the  wires 
c^rpericnce  and  exhibit  a  mutual  repulsion.  Hence 
we  learn,  that  two  galvanic  wircSj  parallel  to  each 
other,  and  in  which  the  circuit  is  made  in  the  same 
direction,  are  attracted  towards  each  other  j  but  they 
are  mutually  repelled  when  the  circuit  passes  in  op- 
posite directions,  a  result  first  deduced  by  M.  Ampere, 
and  which  he  has  made  the  foundation  of  his  theory 
of  electro- magnet  ism,  by  assuming  that  the  powers 
exhibited  by  artificial  and  natural  magnets  are  due 
to  currents  of  the  galvanic  fluids  circulating  in  planes 
perpendicular  to  their  axes  j  and,  that  those  currents, 
when  parallel  in  each  other  and  passing  in  the  same 
direction,  arc  attracted,  and  when  in  opposite  direc- 
tion's, repelled.  ^Ve  have  already  nflfered  some  ob- 
serrations  on  this  theory^  in  art.  70,  et  seq.  It  is 
certainly  highly  ingenious^  and  wiU^  most  probably^ 
lead  to  important  results, 

100.  Erperments  exhibiting  various  rotations  induced  bif 
thermo  electric- mapietism. 

^  w  '^^  ^^^  conclusion  of  Professor  Gumming  s  paper,  re- 
»  w^ferred  to  in  art.  57  on  Thermo  Electricity,  he  has  pro- 
it^  posed  a  combination,  intended  to  prorhice  rotation  by 
tbe  action  of  a  magnet  on  a  rectangle  of  platinum  and 
silver.  Mr.  IVlarsh,  of  Woolwich,  in  endeavouring 
to  copy  this  apparatus,  found  that  it  had,  a  slight 
tendency  to  rotation,  only  not  sufficient  to  give  to  it  a 
very  decided  character,  lie  then  attempted  some  lit- 
tle variation  in  the  form  of  the  rectangle,  and  a  different 
application  of  the  magnet,  and  ultimately  succeeded  in 
producing  a  very  rapid  rotation.  An  account  of  these 
combinations  and  experiments  on  them,  was  after- 
wards published  by  ^Ir.  Barlow  in  No.  307  of  the 
Philoiophical  Magazine,  to  which  work  we  arc  in- 
debted for  them.     They  are  stated  nearly  as  follow  : 

On  constructing  a  machine  precisely  from  the  de- 

icription  given  by  Professor  C,  it  w^as  found  that  it 

^Imd  indeed  a  tendency  to  revolve,  hut  so  small  that 

]  waa  very  difficult,  if  not  imposaiblc,  to  exhibit  the 


phenomenon  in  a   satisfactory   mauner.      It  turned   ^^^^^^..^^^ 
out,  however,  while  carrying  on  the  experiment,  that,     nn.^*'^^" 
although  a  magnet  in  tbe  interior  of  the  wire  would  ^  j 

not  produce  any  but  a  weak  tendency  to  rotation,  a 
magnet  applied  exterior  to  it  was  capable  of  pro- 
ducing the  most  decided  ^ifect,  as  will  be  seen  as  we 
proceed  to  describe  the  following  experiments. 

For  this  fiurpose  four  rectangles,  fig.  64,  65,  G6, 67,  Fig.  64,  65, 
wxrc    made  of   platinum  and    silver  combined^    as  ^^1  ^^» 
shown  in  the  figures,  wliere  the  thicker  lines  indicate 
silver  wire,  and  the  lighter  ones  the  platinum  ;  a  ring 
being  formed  below  to  admit  the  prop  upon  which 
they  were  to  revolve  j  and  a  fine  steel  point  brazed  to 
the  upper  side  to  rest  in  the  agate  on  the  top  of  the 
prop.    Th§  stand  with  a  rectangle  suspended  is  shown 
in  fig.  68,  where    A  B  is  a   boi^rd,   erf  a  brass  prop  Fig,  68 » 
with  its  agate  at  top,  and  N  S  a  magnet  placed   as 
nearly  as  possible  to   the  wire,     Tbe  spirit-lamp  be- 
ing now  applied  at  D  or  E,  the  rotation  will  com- 
mence, either  to   the  right  or  left,  according  to  cir- 
cumstances,  and  wliieh  will  be  reversed  by  reversing 
the  pole  of  the  magnet.  Fig*  69  shows  the  same  stand  Fig,  69- 
with  two  magnets. 

These  being  premised,  the  reader  will  easily  follow 
the  detail  of  the  following  experiments,  observiug 
that  when  the  motion  is  said  to  be  to  the  right  or 
left,  he  must  imagine  himself  coinciding  in  position 
with  the  wire  about  which  the  machine  turns. 

Exp,  1.  Tbe  rectangle,  fig,  64,  being  apjilicd  upon 
the  stand,  fig.  68,  and  the  lamp  at  E,  the  rectangle 
was  projected  to  the  right  till  D  reached  the  lamp  j 
it  was  then  propelled  back  again,  and  after  a  few 
oscillations  it  remained  at  rest  at  right  angles  to  its 
first  position. 

Exp.  2.  The  rectangle  adjusted  as  before,  and  the 
lamp  applied  at  D,  the  wire  was  projected  to  the  left 
with  similar  results  to  the  preceding. 

Erp^  3.  The  rectangle  adjusted  so  that  D  was  next 
the  magnet,  and  the  light  then  applied  at  D,  The 
wire  projcctetl  to  the  right. 

Ej:p.  4.  The  rectangle  still  in  the  same  position, 
but  the  hgbt  applied  at  the  other  extremity.  The 
wire  was  projected  to  the  left, 

Erp.  5,  6,  7,  8,  were  made  under  precisely  the  same 
circumstances  with  the  rectangle,  fig.  65  ;  and  the  re- 
sults were  similar,  but  much  weaker,  ajid  the  motions 
all  reversed, 

Exp^  9,  10,  II,  12,  were  made  with  tbe  rectangle, 
fig.  6fi,  The  motions  the  same  as  with  the  rectangle, 
fig.  64,  except  that  generally  a  rotation  was  obtained 
when  the  light  was  applied  as  in  Experiments  2 
and  4, 

Erp.  13,  14,  15,  16^  wxre  still  the  same  experiments, 
but  with  the  rectangle,  fig.  67.  Tiie  results  were 
as  in  the  above  case,  but  reversed  in  respect  to  di- 
rection, and  inferior  in  force. 

A  similar  set  of  experiments  was  made  with  the 
south  pole  of  the  magnet  opposed  to  the  w^re,  and 
the  results  were  similar^  but  all  in  the  reverse  di- 
rection. 

As  it  was  obvious  from  these  experiments  that  the 
rectangle,  fig.  66,  either  from  its  more  accurate  ba- 
lance, or  from  the  nature  of  the  combination,  was 
the  most  powerful,  it  was  akme  n\ade  use  of  in  the 
following  experiments,  in  which  two  magnets  were 
employed. 

Erp.  17.  The  rectangle,  fig,  66,  being  suspended  m 
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Electro-  shown  in  fig;,  69,  and  the  lamp  applied  at  E,  a  rotation 
MAgnetism  immediately  commenced  to  the  right,  which  soon  in- 
^"^^^s^"^^  creased  to  thirty  revolutions  per  minute. 

Exp,  18.  The  rectangle  adjusted  as  before,  and  the 
lamp  applied  at  D,  the  rotation  to  the  leftj  at  the  rate 
of  thirty  rev  olut  ions  per  minute. 
Fig.  70.  £^p  Iff    'J  jjg  compound     rectangle,   fig,   70,  was 

now*  suspended  and  opposed  to  the  north  end  of  the 
Fig.  n        magnet,  as  in    fig.  7I,  and   the  lamp  applied  suc- 
cessively at  E^  D,  G  and  F,    The  following  were  the 
results : 

Lamp  at  E,  rapid  rotation  to  the  right. 
Lamp  at  D,  rotation  to  the  left,  thirty  per  minute. 
Lamp  atG,  rotation  to  the  left,  thirty  per  minute. 
Lamp  at  F,  no  tendency  to  rotation. 
Eij},  20.  The  magnet  reversed^  the  lamp  applied 
a.*?  before. 

Lamp  at  E,  rapid  rotation  to  the  left. 

Lfimp  at  Dj   rotation    to    the   right,    thirty   per 

minute. 
Lamp  at  G,  no  tendency  to  rotation. 
Lamp  at  F,  rotation  to  the    right,    thirty   per 
minute, 
Exp.  *Zl.  The  same  experiments  were  repeated  with 
two  magnets  with  contrary  poles  opposed,  as  shown 
Wig,  72.       in  %•  72. 

The  results  as  above,  but  more  rapid :  in  the  last 
experiments  there  were  obtained  about  thirty  revolu- 
tions per  minute,  but  it  was  impossible  to  count  them 
in  these,  when  two  strong  magnets  were  employed. 

It  should  be  observed  that  in  no  case  cimld  any 
strong  tendency  to  rotation  be  obser\ed  when  a. 
magnet  was  employed  for  a  support,  and  the  exterior 
¥\g,73»  magnet  removed  ^  fig.  73,  in  which  one  branch  is 
carried  further  from  the  magnet,  showed  the  greatest 
tendency. 

A  pleasing  exhibition  of  a  compound  motion  of 
Fig.  74.  ^^is  ^i"d  »s  shown  in  fig.  74,  in  which  N  S  is  a  horse- 
shoe magnet  with  an  agate  at  each  pole  to  rest  the 
wire  in,  and  L  a  lamp  which  serves  to  heat  each  com- 
pound rectangle.  The  motion  in  this  case  is  not  so 
rapid  as  in  the  former,  l>ut  it  is  very  pleasing,  and 
will  continue  as  long  as  the  lamp  burns. 

Let  us  now  endeavour  to  trace  the  theory  of  these 
motions.  It  must  already  have  struck  the  reader  as 
remarkable  J  that  out  of  the  four  positions  in  which 
the  lamp  may  be  applied  in  the  double  rectangle, 
(Gg.  7  I »)  two  of  them  give  a  rotation  in  one  direction, 
and  one  of  them  in  an  opposite  one,  and  that  at  the 
fourth  point  there  should  be  no  tendency  to  rotation 
whatever,  but  on  the  contrary  a  decided  direction  j 
this  latter  point  is  to  the  right  of  the  north  pole,  or 
to  the  left  of  the  south  pole  of  the  magnet,  the  ob- 
sen  er  assuming  his  position  to  coincide  with  the  axis 
of  motion,  as  already  suggested  in  the  preceding 
part  of  this  article. 

Let  us,  then,  examine  whether  the  hypothesis 
hitherto  employed,  will  be  sufficient  to  explain  this 
remarkable  fact. 

The  platinum  being  positive  to  the  silver  ;  when  the 
lamp  is  applied  at  the  union  of  the  two  metals,  the 
fluid  wdl  be  transmitled  through  the  silver  wire  under 
the  same  circumstimces  as  in  a  galvanic  apparatus, 
with  two  plates,  it  is  transmitted  through  the  con- 
ducting wire  from  the  copper  side  to  the  zinc  j  it 
ought  therefore,  when  thus  transmitted,  to  project 
the  north  pole  of  the  magnet  to  the  left,  the  observer 


now  coinciding  iu  position  with  the  wire  through  which  Com^ 
the  circuit  passes.  Or  the  magnet  being  fixed,  and  E^qi 
the  wire  free  as  in  our  case,  this  latter  ought  to  be  "*' 
projected  to  the  right  hand.  Thus  referring  to  ^ 
fig.  71 J  and  conceiving  the  lamp  to  be  applied  at  E, 
the  point  E  ought  to  be  projected  to  the  right  hand 
of  the  observer,  looking  towards  the  magnet,  while 
the  points  F,  D,  and  G  (the  circuit  in  these  being 
descending)  ought  to  be  projected  to  the  left,  the 
observer  conceiving  himself  coinciding  in  position 
with  these  respective  wires,  and  always  looking  to- 
wards the  magnet.  On  the  contrary,  when  the  light 
is  applied  at  F,  then  the  circuit  being  ascending  at  F, 
and  descending  in  all  the  other  branch ca,  this  ought 
to  be  projected  to  the  right,  and  all  the  others  to  the 
left;  and  soon,  for  any  wire  to  which  the  lamp  is 
immediately  applied  :  and  of  course  the  contrary  to 
all  this  ought  to  happen  when  the  south  pole  is  ap- 
plied. Let  fig,  75,  76,  77 ♦and  78,  represent  the  four  Tig.7, 
applications  of  the  lamp  as  stated  in  Experiment  19  j  77,  7t 
and  the  several  arrows  the  direction  of  rotation  as 
excited  by  the  magnet  and  lamp  in  these  four  cases. 
Then  it  is  obvious  that  in  fig.  75,  answering  to  the 
case  of  the  lamp  applied  at  E,  the  tendencies  to  ro- 
tation are  all  in  one  direction,  and  we  ought  therefore 
to  expect,  as  is  actually  the  case,  the  rotation  to  be 
very  rapid.  In  fig.  7<Jj  two  of  the  forces  are  in  one 
direction,  and  two  iu  the  other  j  and  therefore  if 
these  forces  were  all  equal,  we  ought  to  have  no  mo- 
tion. But  the  force  at  D  is  very  considerable  in 
comparison  with  that  at  F  or  G,  both  on  account  of 
the  immediate  application  of  the  lamp  at  E,  and  the 
division  of  the  circuit  into  three  branches  at  O  ;  and 
the  direction  of  the  two  latter  forces  on  the  respective 
levers,  which  being  oblique  are  necessarily  less  ef- 
fective in  producing  rotation.  Agiiin,  the  force  at  E 
is  also  considerable  in  consequence  of  the  proximity 
of  the  magnet ;  so  that  the  superior  forces  at  D  and 
E,  conspiring  in  direction,  will  overpower  the  other 
two  weak  and  oblique  forces,  and  produce  a  very 
considerable  rotation,  although  inferior  to  the  former. 

In  fig,  77,  the  forces  at  E  and  G  will  be  the  su- 
perior forces ;  and  as  they  conspire  in  direction,  they 
will  overpower  the  two  inferior  forces  at  D  and  F, 
which  are  opposed  to  them,  and  a  considerable  rota- 
tion will  again  ensue. 

In  fig,  7B,  the  two  superior  forces  also  conspire, 
but  with  this  peculiarity,  that  the  moment  the  motion 
ensues,  and  the  arm  F  arrives  at  F''  and  E  at  E',  the 
direction  of  these  two  forces  no  longer  assists  in 
giving  rotation,  these  being  then  both  in  the  direction 
of  the  radii  from  the  centre,  and  the  resultant  acts  to 
bring  the  machine  directly  towards  the  magnet,  and 
thereby  to  convert  the  rotation  into  direction,  which 
the  experiment  strongly  exhibits. 

When  the  south  pole  of  the  mag-net  is  opposed  to 
the  wire,  all  these  directions  of  motion  will  be  re- 
versed, and  then  of  course  the  point  of  neutralization 
will  be  at  G,  tig,  7* ;  which  explains  the  apparent 
anomaly  of  the  point  of  no  action  being  to  tlie  right 
hand  of  the  north  pole,  and  to  the  left  of  the  south 
pole.  In  fig.  77  we  have  seen  th.it  with  the  lamp 
applied  at  G  the  motion  is  to  the  left  -,  and  when  at 
E.  as  in  fig,  75,  it  is  to  the  right  j  it  follows,  there- 
fore, that  between  these  two  there  ought  to  be  some 
position  of  equilibrium  as  G',  fig,  77*  and  where  no 
motion  of  course  ought  to  ensue.    But  in  this  case. 
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instead  of  the  forces  at  G'  and  E'  bein^  directed  from 
the  centre  ns  in  the  case  of  fig,  78,  they  arc  directed 
to  the  centre.  So  that  this  state  of  equilibrium  differs 
from  the  former  in  this,— that  in  the  fonner.  the 
equiiibriuin  is  one  of  stfthilifyt  and  in  the  hitter  of 
vntlabUittj,  and  consequeutly  very  difficult  to  exhibit : 
m  fact,  the  slightest  inclination  of  the  fianie  of  the 
lamp  in  this  situation  of  it^  will  give  rise  to  a  slow 
rotation  in  either  direction  acc«^rding  to  the  cir- 
cumstances of  the  case.  The  same  principles  will 
enable  us  to  explain  the  increase  of  acceleration 
produced  by  two  mat^nets  with  their  opposite  poles 
applied  as  in  fig'.  69  and  7  *i  *ind  the  cause  of  the 
non-action  of  a  central  magnet,  except  ns  in  the  ap- 
paratus of  Professor  Cunimiag^  where  one  of  the 
branches  is  carried  further  from  the  centre;  in  which 
ease  a  slight  tendency  to  rotation  is  exhibited  equal  to 
the  difference  of  the  two  opposite  forces. 

We  see  thus  the  marked  differ'^nce  between  the 
electro- magnetic  rotations,  produced  by  the  applica- 
tion of  the  lamp,  as  in  the  cases  above,  and  those 
produced  by  the  g^alvanic  machine  ;  in  the  latter 
cue  it  is  essential  to  have  the  magnet  central,  whereas 
in  this  the  magnet  must  be  exterior  to  produce  the 
desired  effect  j  and  the  reason  is  obvious  (referring 
ibr  example  to  our  Experiment  XIV.)  for  here,  and  in 
all  similar  cases,  the  fluid  being  transmitted  from  the 
centre  passes  dow  n  the  several  branches  in  the  same 
Erection,  and  is  therefore  acted  upon  by  the  central 
ma^et  all  in  one  sense ;  whereas  in  these,  the  fluid 
being  ascending  in  one  branch,  and  descending  in 
tlie  other,  the  forces  on  one  side  counterbalance  those 
OQ  the  other,  and  the  machine  remains  quiescent. 

Since  the  publication  of  the  above  experiments  in 
the  work  referred  to,  Mr.  Marsh  has  contructed  the 
little  apparatus,  f\^,  74,  so  that  it  may  be  placed  ho- 
riiontallyp  as  in  fig.  79  ;  by  which  construction  tiie 
necessity  of  employing  two  magnets,  hi  any  case^  is 
completely  avoided. 

lOi.  At  art.  81  we  have  mentioned  a  portable  appara- 
tus, constructed  by  the  above  ingenious  artist.  An 
account  of  this  has  just  appeared  in  the  41st  volume  of 
tlie  Transactions  of  the  Soekit/  of  Jits  j  to  w  hich  we  are 
i&debted  for  the  following  description  : 

**  The  w^hole  apparatus  is  included  in  a  box  four- 
teen inches  and  a  half  high^  fifteen  inches  broad,  and 
ten  inches  and  a  half  wide,  which,  when  folded  out, 
fenus  a  convenient  table  for  the  operator.  Fig.  BO  is 
a  perspective  view  of  the  box  ready  for  use,  the  flap 
a  being  raised  up  and  supported  by  the  leg  A,  which 
lerews  into  it.  The  voltaic  battery,  with  its  append- 
ifes^  occupies  about  half  the  box,  and  consists  of  a 
plate  of  copper,  with  a  plate  of  zinc  on  each  side. 
*  Fig,  82  and  ^4  are  a  front  and  transverse  view  of  the 
battery  5  the  two  exterior  or  zinc  plates  are  united 
at  each  corner  by  metal  fastenings,  and  the  inter- 
niediate  or  copper  plate  is  cut  away  at  the  corners 
jn$tsuiHciently  to  prevent  it  from  contact  with  the 
futcntngs  of  the  zinc  plates,  and  is  secured  in  its 
pOftiLtoo  by  jiieces  of  wood  :  i  i  are  two  copper  feet 
upon  which  the  battery  rests  when  in  action.  Two 
bra^s  pipes  c  and  2  are  soldered,  the  former  to  the 
copper  plate,  the  latter  to  one  of  the  zinc  plates; 
they  are  intended  to  hold  a  little  mercury,  for  the 
pnipose  of  forming  a  perfect  connection  between 
the  camiuctors    c  and  Zj   fig.  80,  and  the   battery  j 


in  order  still    farther  to  secure  the  connection,  the   Course  of 
ends  of  the    conductors  that  are  inserted    into  the    Expcri- 
pipes  are  first  tinned,  and  afterwards  amalgamated,     "I'-^'^ts. 
as  well  as  the  other   ends  on  which  the  spiral  wires  ^"^^^^^"^^ 
fig.  B8,  forming  the   poles  of  the  battery,  arc   fixed,  fig,  88 » 
The  battery,  w  hen   not  in  use,  is  lodged   in  the  cell 
e,  fig.  60  and  81,  which  is  lined  with  wood  and  var-  Fig*  8L 
nished  j  the  two  Jointed  handles^  by  means  of  which 
it  is  raised,  being  laid  down  into  notches  cut  in  the 
partition  between  the  two  cells.     The  cell  d  is  some- 
what wilier  th^m  the  other,  and  is  Hoed  with  sheet 
copper;   into   this  the  exciting  fluid    (dilute  muriatic 
acith  i;^  poured  when  the  battery  is  intended  to  be  put 
into  activity,  and  the  united  copper  and  zinc  plates 
being  raised »  by  means  of  the  t\vo  handles,  out  of  the 
cell  ej  ore  to  be  gently  let  down  into  the  fluid,  rest- 
ing on  llie  bottom  of  cell  */,  by  means  of  the  two 
copper  feet  it  already  mentioned.     By  this  arrange- 
ment the  battery  form-i  a  series  of  three  copper  and 
two  zinc  plates,  the  lining  of  the   cell   forming  the 
two  exterior  copper  plates,  and  consists  of  about  eight 
square  feet  of  metallic  surface.     Two  pieces  of  var- 
nished wood,  g  h,  fig.  81,  are  fixed  to  the  sides  of  tlie 
cell  to  prevent  the  zinc  plates  firom  coming  in  contact 
with  its  copper  lining,   a  small  tray/ is   also  placed 
on  the  flap  a,  in  order  to  retain  any  fluid  which  may 
be  accidentally  spilled  during  the  experiment. 

**  Fig.  84  shows  the  general  arrangement  of  that 
part  of  the  box,  covered  by  flap  a,  fig.  80,  in  which 
the  different  articles  of  apparatus  are  deposited.   The 
lowest  compartment,   represented   more  at  large  in 
fig.  85,  contains  a  pair  of  horse- magnets,  a  cylindrical  Fig.  85.' 
magnet,  a  pocket  compass,  some  spare  copper  wire, 
and   two  tin  boxes,  in  one  of  which  are  contained 
iron   filings*    in   the    other  spiral    wires    of   copper, 
tinned   and   amalgamated.      Over  this   is  placed    the 
lower  shelf,   fig.  8G  and  87  ;  the  under  projections  of  Fig.  86  and 
which  secure  in  their  places  the  articles  alreaily  men-  ^^' 
tioned.     The  three  upper  shelves,  fig.  89,  90,  91,  are  Fig.  89,^0, 
cat  out  in  the  forms  represented,  in  order  to  admit,  5U 
in  the  most  secure  and  compact  manner,  the  various 
pieces  of  apparatus  described  and  figured  in  Mr.  Bar- 
low's   Treatise    on  Electro- MagrietUiHj    to    which    the 
reader  is  referred.*' 

Wc  must  here  conclude  our  treatise  on  this  infant 
science,  which  at  present  1ms  furnished  many  highly 
curious  and  interesting  results,  and  which,  in  the 
course  of  a  few  years,  w  ill,  in  all  probability,  lead  to 
important  discoveries  relative  to  some  of  the  most 
mysterious  natural  phenomena,  particularly  all  those 
connectetl  with  Terrestrial  Magnetism. 

The  works  we  have  consulted,  in  writing  the  pre- 
ceding treatise,  have  been  referred  to  as  we  proceeded  | 
tliey  may,  however,  be  generally  enumerated  as  below : 
Phillip*s  Annals  of  Philosophic ;  Tiloch's  PftUosophical 
Magazine  ;  The  Edmhvr^h  Phiio&ophiad  Journal ;  The 
Jourttal  of  the  Royal  Ijisiitulion  ;  The  TrQ^isaetions  of 
the  Royal  Society  ;  The  Tranmvlmu  of  the  Philosttphical 
Society  if  (I'am bridge ;  Heeueil  d'Ohservatiom  Electro^ 
Dfiiamiques,  by  M.  Ampere ;  and  Barlow^^s  Essay  rni 
Magnetic  Altracftons,  Snd  edition.  A  Memoir  has  also 
been  published  by  M.  Savary  on  this  subject,  of  which 
M.  Ampere  speaks  very  highly  ;  but  which  w^e  were 
unable  to  obtain  in  time  to  avail  ourselves  of  it  in  the 
composition  of  the  foregoing  treatise. 


TABLE 

OP   THE 

PRINCIPAL  MATTERS  IN  THE 

TREATISE    OF   E  L  E  C  T  R  O  -  M  A  G  N  E  T  I  S  M, 

Alphabetically  Arranged. 


Page. 
Electro-    Ampere's  experimenta  described        -----..      4 

Magnetism  theory  of  electro-magnetism  examined         -    -    27 

discovers  the  terrestrial  action  on  a  galvanic 
ynre       ----------     -7»3l 

imitates  a  magnet  by  a  spiral  galvanic  wire      7,  SO 
exhibits  the  rotation  of  a  magnet  on  its  axis  -    34 
rotatory  apparatus  -      --------35 

Arago^s  experiments  described    !--------      6 

magnetises  steel  wires  by  the  galvanic  battery  7>  29 

Barlow's  experiments  and  investigation  of  the  laws  of 

electro-magnetism      ----^---16 

thermo-electric  experiments     ------    37 

exhibits  the  rotation  of  a  wire  on  its  axis    -    -    34 
wheel  and  axle  rotations      ........36 

Biot  determines  the  law  of  action  between  a  magnet  and 

galvanic  wire    ----------      6 

Bookman's  experiments       ------.---13 

Boisgei*aud*s  experiments    ----------      6 

Boss,  Van  den,  apparatus  for  exhibiting  terrestrial  mag- 
netism on  galvanic  arcs  -------32 

BucTi's  experiments        -----     ------     13 

Course  of  electro-magnetic  experiments      -----    28 
Cumming's  experiments  on  electro-magnetism      -    -    -     14 
on  thermo  electro-magnctism       -     -    -    -    -    22 
with  Mr.  Lunn  and  Dr.  Clarke  magnetises  steel 
wire  by  means  of  the  electricity  of  the  atmos- 
phere     -----.-.-.--15 
galvanometer  described       --..-.-23 
tables  of  thermo-electric  relations     ....    25 
Currents  of  electricity  mutually  attract  and  repel      -    -    36 

Davy,  Sir  H.,  first  series  of  experiments     -    -    -    .    .      8 
second  series    .-.--.----.      9 

experiment,  exhibiting  a  mercurial  vortex  -    -    35 
Dipping  needle  imitated  by  an  electro-magnetic  com- 
bination ------------32 

Faraday  dbcovers  the  tendency  in  a  magnetic  pole  to 
revolve  about  a  galvanic  wire,  and  exhibits 
the  same      -----------     12 

exhibits  the  rotation  of  the  wire  round  the 
magnet,  and  the  latter  round  the  former      -    33 

shows  the  effect  of  the  terrestrial  magnetism  on 
a  freely  suspended  wire  -------32 

exhibits  the  rotation  of  a  wire  by  means  of  the 
earth's  magnetism      ----.---36 


Page. 
Historical  sketch  of  the  discovery  of  the  science  of  electro- 
magnetism       .---......       1, 

Hydro  and  thermo  electricity  defined      ------      2 

Marsh's  galvanometer  described  --......23 

improves  Ampere's  rotating  cylinders    -    -    -    35 
experiment  with  a  horse-shoe  magnet    -    -     -  ibid. 
thermo-electric  apparatus        ----..    37 

portable  galvanic  apparatus    ------    39 

Moll's  experiments  ------------     13 

on  thermo-electricity     --------21 

Oersted's  first  experiments  described      ------      3 

exhibits  the  directive  power  of  the  earth  on  a 
galvanic  arc      ----------      4 

theory  examined  ----------27 

Portable  electro-magnetic  apparatus      ..---.    39 

Ritter's  experiments,  the  first  which  detected  any  relation 

between  the  magnetic  and  electric  fluids       -       1 
Rive's  apparatus  for  exhibiting  terrestrial  magnetism  on 

a  galvanic  ai-c  ----------    31 

Rotating  cylinders     ------------35 

Rotation  of  a  galvanic  wire  round  a  magnet  exhibited    -    33 
magnet  round  the  wire  --------  ibid. 

magnet  on  its  axis     -.-------34 

wire  on  its  axis    ----------  ibid, 

galvanic  wire  by  means  of  the   earth's  mag- 
netism   ------------36 

wheel  and  axle    ----------  ibid. 

produced  by  thermo-electricity     -----    37 

Spiral  wire,  its  application  to  the  magnetising  steel 

wires 29 

made  to  imitate  a  bar  magnet       -----    30 
its  effects  on  a  floating  magnet     -    -    -    -    -  ibid. 

Tangential  power  of  the  galvanic  wire  illustrated      -    -    28 
Theory  of  electro-magnetism      -----     .--26 

general  agreement  of  the  theories  of  Ampere, 
Barlow,  and  Oersted  --------27 

Thermo-electric  experiments    ---------20 

Von  Buch's  experiments      ----...---13 
Vortex  of  mercury  exhibited    --••-----35 


TaU< 


ELECTRICITY. 


&C3SL 


L1121& 


KiL 


nUtorical    Sketch    of  the    Origin   and  Progress    of 
Eteciricittf, 

Is  attempting  to  give  a  short  abstract  of  the  history 
of  that  branch  of  Physics  now  universally  termed 
Electricity »  it  will  be  perceived  Ihtit  a  single  fact  ob- 
served in  the  earliest  ages,  and  as  far  as  our  informa- 
tion can  reach,  at  first  recorded  by  the  Greek  philo- 
sophers, has  by  the  subsequent  addition  of  analogous 
phenomena,  created  and  g^ven  name  to  a  separate  and 
important  science. 

Thales  of  Miletus,  who  flourished  about  600  years 
before  the  Christian  era,  is  reported  by  subsequent 
writers  to  have  describe*!  the  power  dcvelopcil  in  amber 
by  friction,  by  which  it  was  enabled  to  attract  bits  of 
§tniw,  and  other  light  bodies  j  and  an  attempted  ex- 
planation of  this  phenomenon  is  given  as  one  of  hia 
philosophical  dogmas.  In  the  treatise  of  Theoplirastus 
Upon  stones^  we  have  the  earliest  description  extant 
of  this  property,  "^Vcl  ec  kqI  to  ijXcKTpov  XtOo^ ,  Knl  '^^ap 

Ivvmpii^  uKoXovOettf,**  Thco\ifh.  de  Lapkl.  p.  134,  HjII's 
edit.  Spcjiklng  also  of  the  LtffKurium,  he  says,  *^  cXctt 
•"/a/*  ^T'^nrc/J  TO  ^kctcTpov  ot  ci  (ftatriv  ov  p.ovoy  Kap<pj^  xal 
y'\'~>^*,  tlWa  Kal  j^^oXkqv  ktit  fft&rfpQVj  iaif  if  XcjrroV  wtfircp 
rni  A/o«\yv  e'\c7ct^,*'    p.  1^4, 

It  does  not  appear  that  Pliny's  knowledge  upon  this 
subjects  extended  beyond  that  of  Theophrastus :  he 
«tAte5  of  pieces  of  amber  that  "  atiritu  digitorum  ac 
tepid,  ti  cahris  attrahutit  in  se  paleas  et  folia  arulaj  ut 
TMipies  tapis  ferrum!'  Flin.  lib.  xxxvii*  cap.  iii.  and 
**  nee  folia  autetn  ant  stramenta  in  sc  rapere,  sed  ctns  ant 
fori  laminasi*  like  Theophrastus  he  also  mentions 
the  lapis  Lyncuriui  as  possessed  of  the  same  property. 
la  the  same  chapter  he  adds,  **  In  Si^ria  quof^uef(Jtmmas 
terticillos  inde  fa  cere  et  v  oca  re  harpaga^  quia  folia,  et 
paleas,  vestium  fimhreas  ad  seropiaL"  Similar  quotations 
might  easily  be  adduced  from  the  writings  of  Priscian 
and  Solinus,  Salmasius,  in  his  commentary  upon  the 
latter  authorj  asserts  that  karahey  the  word  by  which 
amber  was  known  among  the  Arabs,  is  said  by  Avi- 
cenua  to  be  of  Persian  origin,  and  to  signify  the  power 
of  at trac ting  st raws .   ( HifL  la t, ) 

The  ancient  naturalists  were  well  aware  of  another 
interesting  electrical  phenomenon  in  the  shocks  of  the 
tOT^Jedo.  Aristotle  says  that  ''  this  lish  causes  or  pro- 
duces a  torpor  upon  those  fishes  it  is  about  to  seizci 
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and  having  by  that  means  got  them  into  its  mouth, 

feeds  upon  them/'     He   further  adds,  that  this  fish 
"  hides  itself  in  the  sand  and  mud,  and  catches  those 
fish  that  swim  over  it  by  benumbing  them,  and  of  this 
some  have  been  eye-wiinesses  :  the  same  tish  has  also 
the  power  of  benumbing  men."*  Pliny  says  that  ''  thie 
fish  if  touched  by  a  rod  or  spear  even  at  a  distance, 
paralyses  the  strongest  muscles^  and  binds  and  arrests 
the  feet  however  swift.*'  Nat.  HkL  xxxii.  ch.  i.    Galen 
the  physician  has  given  a  similar  description,  {de  locit 
affect.)    Oppian  describes   the   organs  by   which  the  Oppian, 
animal  produces  this   effect,    (lib.  ii.  ver  6^23)  and  a.  d.  204. 
Claudian  has  a  short  poem  upon  the  subject.     The  cinuJiaiit 
medical  writers  speak  of  applying  the  shocks  of  the  a.  d.  395. 
torpedo  for  the  cure  of  diseases,     Scribonius  LarguSj  Scribon, 
(cap,  xli*)  relates*  that  Anthero  a  freed  man  of  Tibe-  LargiiB. 
rius,  was  by  this  means  cured  of  the  gout.  T>ioscoridc3  ^*  ^^  50. 
advises  the  same  remedy  for  inveterate  pains  of  the 
head,  (lib.  ii,  art.  Torpedo.)     Further  n<Jtices  of  this 
application  may  be  found  in  Galen.  Simp.  Medic,  lib.  xi.  Galen,  &.c, 
Paulus  ^giueta,  lib.  \\%,     Such  is  a  summary  of  the  a,  u.  144. 
knowledge  of  the  ancients  upon  electricity  ;  but  the 
curious  reader  will  also  find  much  interesting  matter 
on  this  subject  in  a  dissertation  by  Dr.  Falconer,  con- 
tained in  the  third  volume  of  the  Memoirs  of  the  Man* 
Chester  Society,  wherein  it  is  rendered  exceedingly  pro- 
bable that  the  use  of  conductors  for  attracting  light- 
ning from  the  clouds,  was  not  unknown  even  in  these 
early  times. 

The  scanty  fragments  of  Information  which  the 
literature  of  the  middle  ages  affonls  on  this  and  every 
other  scientific  subject  may  be  passed  over  in  silence, 
and  it  may  fai^rly  be  asserted,  that  from  the  time  of 
Pliny  until  the  end  of  the  fifteenth  century,  no  advance 
whatever  took  place  in  the  branch  of  natural  philo- 
sophy now  before  us.  There  is  however  mention  made 
of  more  than  one  electrical  phenomenon  in  the  scholia 
upon  Homer  by  Eustathius,  Bishop  of  Thessalonica,  EHstathims. 
about  A.  D.  1 160  J  one  of  these  passages  relating  to  A.  d.  1 160, 
Walimer,  the  King  of  the  Goths,  who  commenced  his 
reign^  according  to  Du  Fresnoy,  a.  d.  415,  is  too  sin- 
gular to  be  passed  by  unnoticed,  '*  BttXtiiEp  oO^vdcp/x^ 
Trarjip,  q  KaraKpaT^'ja't  ^IraX/av  0n£rJr  avdi^i^^^  70 9  ottitiv 
trmfia'T09  enrtifOiipa^  aTrtiraWt-.  k'al  Ttif  ^t?  <ro0o<r  TraXaio^ 
f^ijtn  TTfpl  iiamov,  o7t  LPtvapivov  srore  Ka\  KKlvopipov 
avTOttjawtifOt/pa^tiTTcm^iwv  L^alfftOi^QCTiv  Qjt:  tcai  ktvttov^- 
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Electricity,  i/idriov  firj  xaiovtrai**     Eustatb.  in  11,  E.  p.  515,  lin.  4, 
ed  Rom. 

''  Walimer  the  father  of  Theodoric,  (uncle  varpwi}) 
who  conquered  as  they  say  the  whole  of  Italy,  used  to 
emit  sparks  from  his  own  body  ;  and  a  certain  ancient 
philosopher  says  of  himself,  that  once  when  be  was 
dressing  and  undressing  himself,  sudden  sparks  were 
emitted  occasionally,  crackling  -,  and  sometimes  he 
says,  entire  flames  blazed  from  him,  not  burning  bis 
garment." 

Although  it  is  clear  that  philosophical  speculations 
upon  the  natural  properties  of  matter,  were  by  no 
means  valued  or  pursued  in  what  we  should  now  call 
a  truly  scientific  manner  j  yet  the  following  singular 
passage  from  St.  Jerome  may  afiford  a  sufficient  proof 
that  the  facts  which  had  been  before  recorded,  were 
neither  lost  nor  forgotten.  *'  Arguit  in  hoc  loco  Porphrius 
et  Julianus  Augustus,  vel  imperitiam  historici  mentientis, 
vel  stultitiam  eorum  qui  statim  secuti  sint  Salvatorem, 
quasi  irrationabUiter  quemlibet  vocentem  hominem  sint 
secuti :  cum  tanta  virtutes,  tantaque  signa  pracesserint, 
qtut  Apostolos  antequam  crederent,  vidisse  non  dubium  est. 
Certefulgor  tpse,  et  majestas  divinitatis  occulta  qua  etiatn 
in  humand  facie  relucebat,  ex  primo  ad  se  videntes  trahere 
poterat  aspectu.  Si  enim  in  magnete  lapide  et  sucdnis  hoc 
esse  vis  dicitur,  ut  anulos  et  stiptUam  etfestucas  sibi  copci- 
lent ;  quanto  magis  Dominus  omnium  creaturarum  ad  se 
trahere  poterat  quos  vocaba"  Sti.  Hieronymi,  Presb. 
lib.  i.  Com.  in  Matt,  cap.  ix. 

As  a  science  justly  entitled  to  the  name  by  resting 
upon  judicious  reasoning  and  careful  experiment, 
electricity  may  be  said  to  have  originated  with  the 
publication  of  the  treatise  on  magnetism  by  Dr.  Gilbert, 
A.  D.  1600,  in  which  treatise  as  connected  with  his 
subject,  several  new  electrical  phenomena  are  brought 
forward.  After  adducing  the  supposed  origin  of  the 
name  electrum  for  amber,  {"Graci  vocant  rjXeKTpov  quia 
ad  se  paleas  irahit  attriiu  calefactum,  inde  apira^  dicitur 
et  xpvo(j>opov  ab  aureo  colore,  8(c"  Gilbert  de  Magnete, 
cap.  ii.)  he  then  gives  a  fair  history  of  the  state  of 
philosophical  knowledge  in  his  own  time,  in  the  fol- 
lowing curious  sentences.  *'  Multi  sunt  auctores  modemi 
qui  de  succino  ex  gagate  attrahentibus  paleas,  aliis  vulgo 
incognitis  scripserunt,  et  ab  aliis  exscripserunt,  quorum 
laboribus  bibUopolarum  officina  farduntur.  JEtas  nostra 
multos  libros  protulU,  de  abdiHs,  de  abstrusis,  de  occuUis 
causis,  et  miracuUs,  in  quibus  omnibus  succinum  et  gagates 
ahducunlur  allicientia  paleas,  sed  nullis  rationibus  ab  ex^ 
perimentis,  et  demonstrationibus  inventis,  tantum  agunt 
verbis,  rebus  ipsis  majorem  caUgviem  inducentibus,  {siHcet) 
abdite,  miracuhse,  abstruse,  recondite,  occulte.**  cap.  ii. 
The  substances  known  to  possess  the  attractive  pro- 
perty he  thus  enumerates  3  amber,  gagates,  {Jet,  '^  a  loco 
et  amne  nomine  Gagas  in  Cilicia  ad  cujus  ostia  seu  fauces 
admareprope  urbemPlagiopolum  fuc  lapis  reperitur,"  Diosc. 
lib.  V.  cap.  92.)  diamond,  sapphire,  carbuncle,  iris 
^eTamii,{quartz  crystal,'*  quia  quando  radios  solares  excipit 
arcum  ccelesti  simHemjadt  in  parietem,**  Johns,  IsCx,  Chem,) 
opal,  amethyst,  vincentina,  (Bristol  stone,)  beryl,  and 
crystal.  Glass,  especially  if  pellucid,  paste  for  felse 
gems,  glass  of  antimony,  slags  of  furnaces,  and  belem- 
nites ',  also  sulphur  mastic,  sealing  wax,  hard  resin, 
and  arsenic  but  feebly,  sal  gem,  lapis  specularis,  (mica,) 
and  roche  alum  -,  the  three  last  scarcely  at  all  under 
the  unfavourable  circumstances  of  a  moist  atmosphere. 
He  says  that  these  substances  not  only  attract  straws 
but  aU  metals,  wood,  leaves,  stones,  earths,  water. 
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and  oil,  in  short  all  other  substances.  These  experi-  Hi 
ments  he  directs  to  be  performed  by  bringing  the  ^^-" 
excited  body  near  to  the  end  of  a  light  needle  of  any 
metal  balanced,  and  turning  freely  on  a  pivot  like  the 
magnetic  apparatus.  Dr.  Gilbert  next  speaks  of  the 
three  kinds  of  attraction  mentioned  by  Galen,  and 
enters  into  a  refutation  of  the  opinions  of  some  of  his 
predecessors  on  the  cause  of  electrical  attraction,  such 
as  Cardan,  Pictorius,  and  Fracastorius.  He  states  that 
there  are  many  substances  which  do  not  possess  electri- 
cal properties  except  upon  friction  j  but  that  there  are 
other  bodies  which  however  well  polished  do  not  attract 
at  all.  Such  are,  emerald,  agate,  carnelian,  pearls,  jas- 
per, chalcedony,  alabaster,  porphry,  coraJ,  marble, 
Lydian  stone,  flints,  haematites,  smyris,  (emery  or 
corundum,)  bones,  ivory,  hard  woods,  such  as  ebony, 
cedar,  juniper,  and  cypress,  metals  and  natural  mag- 
nets. 

Having  also  observed  how  unfavourable  was  the 
presence  of  moisture  or  moist  air  to  electrical  experi- 
ments, he  draws  a  parallel  between  electrical  and  mag-* 
neticcd  attraction,  which  though  sometimes  erroneous, 
is  for  the  most  part  ingenious,  and  must  at  that  time 
have  been  instructive.  His  theory  of  electrical  action 
supposes  the  emission  of  certain  effluvia,  which  having 
previously  existed  in  the  amber  or  other  electrified 
substance,  were  called  into  activity  by  the  friction^ 
and  he  compares  the  nature  of  these  attractions  to 
that  of  cohesion.  Much  that  is  erroneous  in  Gilbert's 
reasoning  arises  from  the  uncertainty  which  then  ex* 
isted  respecting  the  true  nature  of  bodies  ;  all  solids 
were  considered  as  having  formerly  been  fluids  which 
had  then  become  hardened,  and  as  a  specimen  of  the  use 
he  makes  of  this  hypothesis,  the  following  sentence 
may  be  selected.  '*  Resina  terebinthina  liquida  non 
allicU,  teri  enim  non  potest ;  at  si  concreverit  in  mastichen 
allicii,**  Gilbert  then  proves  that  the  electric  fluid 
does  not  affect  the  air,  by  showing  that  if  its  action 
takes  place  through  the  flame  of  a  small  taper,  the 
flame  does  not  move,  and  he  infers  that  therefore  the 
air  adjacent  to  it  is  not  put  into  motion.  Mentioning 
the  phosphorescent  light  produced  by  rubbing  together 
two  pieces  of  flint  in  the  dark,  he  says  that  the  silex 
emits  an  inflammable  matter  convertible  into  heat  and 
light,  but  that  the  electric  fluid  is  widely  different, 
being  so  much  attenuated  that  it  does  not  take  fire 
nor  serve  for  combustion.  The  effect  of  fire  in  des- 
troying the  power  of  some  electrics  is  also  noticed, 
but  the  experiments  of  Gilbert  on  this  point  are 
fallacious. 

The  hypotheses  of  Sir  F.  Bacon,  Cabeus  the  Jesuit,  Ba 
Sir  Kenelm  Digby,  Gassendi,  and  Des  Cartes,  may  be 
passed  over  in  silence,  because  however  ingenious 
their  speculations  may  have  been,  they  are  proved  by 
subsequent  facts  to  be  erroneous ;  and  produced  no 
addition  to  the  experimental  department  of  the  science. 

Mr.  Boyle  will  however  demand  some  further  de-  Bo 
gree  of  attention  :  his  Experiments  and  Notes  about 
the  Mechanical  Origin  of  Electricity,  published  in  1675, 
contains  additional  matter  for  the  history  of  our  sub- 
ject. He  speaks  as  follows  of  the  opinions  of  the 
writers  whose  names  we  have  just  mentioned.  ''It  is 
not  necessary  that  in  this  paper  where  I  pretend  not 
to  write  discourses  but  notes,  I  should  consider  all 
that  has  been,  or  I  think  may  be  said  for  and  against 
each  of  the  above-mentioned  hypotheses ;  since  they 
all  agiee  in  what  is  sufficient  for  my  present  purpose. 
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sbkkr.  &amel}r^  tkftt  electrical  attractions  are  not  the  eiTects 
of  a  mere  quality j  but  of  a  substantial  emanation  from 
llie attracting  body;  and  it  i$  plain  that  they  all  endea- 
vour to  solve  the  phenomena  in  a  mechanical  way^ 

ithout  recurring  to  substantial  fornia  and  inexpU- 

ible  qualities,  or  so  much  as  taking  notice  of  the 

kyiHMtatical  prUiciples  of  the  chemists.      Wherefore 

it  may  suffice  in  this  place  that  1  mention  some  phe- 

Domena  that  in  general  make  it  probable  that  amber, 

^^c  draw  such  light  bodies  as  pieces  of  straw,  hair, 

#ud  the  likcj  by  virtue  of  some  mechanical  affections 

either  of  the  attracting,  or  of  the  attracted  bodies,  or 

«f  both  the  one  and  the  other.'*  p.  7.     Boyle  having 

found  the  advantage  of  warming  the  electric  bodies, 

explains  this  by  saying  ''  that  it  is  known  that  heat  by 

existing  the  parts  of  a  fit  body  solicits  it  as  it  were 

i»  tend  forth  its  effluvia,  av  is  obvious  in  odoriferous 

guins  and  perfumes,  whicli  being  heated,  send  forth 

their  fragrant  steams  both  farther  luul  more  copiously 

they  otherwise  would.**     His  next  experimejit 

(lies  him  that  to  warm  a  piece  of  amber  first,  and 

then  to  submit  it  to  friction,  was  the  most  efectual 

mode  of  excitement. 

The  power  of  amber  to  remain  in  its  attractive  or 
excited  state  some  time  after  the  cessation  of  friction, 
was  established  by  experiments  upon  a  dt^llcate  steel 
needle  suspended  after  the  method  proposed  by  Gil- 
bert I  and  it  appeared  advantageous  thut  the  surfaces 
of  tl»e  electric  should  be  as  smooth  as  possible  5  but 
Mr.  Boyle  mentions  one  diamond  in  its  rough  state 
which  exceeded  all  the  polished  ones  in  his  possession. 
To  the  list  of  known  substances  capable  of  electric 
citation  he  added  the  following.  The  resinous  cake 
>tenmining  after  the  partial  evaporation  of  turpentine, 
dry  residuum  after  the  distillation  of  a  mixture  of 
deum  and  strong  spirit  of  nitre^  glass  of  anti- 
fliony^  glass  of  lead,  white  sapphire,  white  English 
amethyst,  the  almost  diaphanous  spar  of  lead  ore,  the 
earnelian,  and  a  green  stone  which  bad  been  sup- 
an  emerald,  but  which  from  its  hardness,  the 
lary  considered  a  sapphire  ;  to  the  two  last  Gil- 
bad  denied  this  property.  He  describes  also 
Tcry  philosophically  the  electric  attraction  of  the  curls 
of  scHne  ladies  hair.  In  a  very  just  spirit  of  investi- 
galion^  he  ascertained  that  the  converse  of  all  the 
icnts  upon  the  relative  motion  of  the  attracted 
eitracting  body  was  also  true  j  namely,  that  if  the 
eilbslaoce  to  be  attracted  were  fixed,  and  the  excited 
eleeinc  capable  of  motion,  their  union  would  still  take 
filftct.  In  order  that  he  might  ascertain  whether 
electric  attrtiction  depended  upon  the  ambient  air,  he 
introduced  an  excited  mass  of  amber  into  the  receiver 
of  an  air  pump.  The  amber  was  suspended  over  a 
vw  or  fcttther,  and  after  the  exhuustjon  of  the 
'%«!§9cl,  was  lowered  towards  the  light  body  which  was 
attracted  as  before,  Wq  now  know,  however,  that 
bad  this  ^[periment  been  performed  with  rigid  accu- 
tacy,  a  contrary  result  would  have  ensued.  Mr,  Boyle's 
theory,  as  might  be  expected  from  the  |>assagc  we  first 
•'piloted  from  his  work,  did  not  greatly  differ  from  those 
of  hh  immediate  predecessors,  he  supposed  that  the 
deetric  body  emitted  a  glutinous  effluvium,  which 
hill  hold  of,  or  became  entangled  in  the  pores  of 
OOhUI  bodies  in  its  egress,  and  upon  its  return  to  the 
body  which  had  emitted  it,  carried  them  back  with  it. 

Contemporary  with  Mr<  Boyle  was  the  celebrated 
OUo  Gnericke,  a  burgomaster  of  Magdeburg,  the  in- 


ventor of  the  air  pump,  wbo  also  became  a  distin-  Hiatory, 
guished  contributor  to  electrical  science.  His  cxperi-  < 
ments  were  commenced  by  casting  a  globe  of  sulphur 
in  a  glass  sphere ;  the  glass  was  tlien  broken  and 
removed,  the  sulphur  mounted  upon  a  revolving  axis 
in  a  wooden  frame,  and  excited  by  the  application  of 
the  hand.  With  this  instrument  he  verified  the  expe- 
riments of  preceding  writer^;,  and  discovered  in  addi* 
tion  the  light  and  sound  accompanying  strong  elec* 
trlcal  excitation  j  the  light  he  compares  to  that 
produced  by  breaking  lump  sugar  in  the  dark. 

Guericke  clearly  demonstrated  that  a  light  hmly^ 
after  it  had  by  attraction  been  brought  into  contact 
with  an  excited  electric,  was  repelled  by  it,  and  could 
not  be  again  attracted,  until  it  had  been  touched  by 
some  other  body.  The  most  important  of  bis  expe- 
rtmenta  is  one  which  has  only  met  with  a  full  expla- 
nation subsequent  to  the  most  improved  state  of  our 
science  i  he  found  that  if  light  bodies  were  suspended 
within  the  sphere  of  action  of  an  excited  electric,  they 
themselves  became  possessed  of  electrical  excitation. 
Thus  if  threads  were  suspended  near  to  his  excited 
globe,  they  would  be  repelled  by  the  approach  of 
his  6nger;  and  tliat  a  feather  suspended  and  re[)elled 
by  the  globe  always  turned  the  same  side  towards  it, 
Experimeniu  Mogdebtirgica,  lib.  iv,  ch.  xv. 

In  the  year  16*75,  Sir  Isaac  Newton  communicated  Npwtoa* 
to  the  Hoyal  Society  a  singular  and  important  electrical  l<>75, 
experiment  i  from  which  it  would  appear  that  he  waa 
the  first  who  remarked  that  excited  glass  would  at- 
tract light  bodies,  even  to  the  surface  opposite  to  that 
upon  which  it  had  becji  rubbed.  **  Having  laid 
upon  a  table  a  round  disc  of  glass  about  iwo  inches 
broad  in  a  brass  ring,  so  that  the  glass  might  be  one- 
eighth  of  an  inch  from  the  table,  and  then  rubbing 
the  glass  briskly,  little  fragments  of  paper  laid  upon 
the  table  under  the  glass,  began  to  be  attracted  and 
to  move  nimbly  to  and  fro.  After  he  had  done 
rubbing  tlie  glass,  the  pajwrs  would  coutinuc  a  con- 
sitlerable  time  in  various  motions  j  sometimes  leaping 
up  to  the  glass  and  resting  there  awhile,  then  leaping 
doiv^  and  resting  there,  and  then  leaping  up  and 
down  again  ;  and  this  sometimes  in  lines  seemingly 
perpendicular  to  the  table,  sometimes  in  oblitjue  ones; 
sometimes  also  leaping  up  in  one  arch  and  leaping 
down  in  another,  divers  times  together,  without  sen- 
sibly resting  between  j  sometimes  skipping  in  a  bow 
from  one  part  of  the  glass  to  another,  without  touching 
the  table  j  and  sometimes  hanging  by  a  corner,  and 
turning  often  about  very  nimbly,  as  if  they  had  been 
carried  about  in  the  midst  of  a  whirlwind,  and  being 
otherwise  variously  moved,  every  paper  with  a  dif- 
ferent motion.  Upon  his  sliding  his  finger  00  the 
\ipj>er  side  of  the  glass,  though  neither  the  glass  nor 
the  enclosed  air  below  were  movcdj  yet  he  observed 
that  the  papers  as  they  hung  under  the  glass,  would 
receive  some  neiv  motion,  inclining  this  way  or  that 
way,  according  as  he  moved  his  finger.**  Birch*s  HU* 
iory  of  ihe  Royal  Soeietrj,  vol.  iii,  p.  260.  The  phe- 
nomena of  electricity  arc  also  for  other  purposes 
alluded  to  in  Newton's  Optics,  p.  314 — 327,  ed.  17-1. 

In  just  chronological  order  the  researches  of  Blr.  Haukpsbee 
Haukesbee  next  claim  ouratteotion.  In  the  year  1705  1705. 
he  noticed  that  niorcury  shaken  in  glass  vessels  pro- 
duced a  light  visible  in  the  dark,  and  that  when  the 
density  of  ihe  air  is  diminished  to  one-half,  tlie  light 
becomes  much  more  brilliant.  He  ascertained  that 
g2 
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Electricity*  this  was  causetl  eillier  by  the  friction  of  mercury 
Ngp-y^fc/  against  glass,  or  of  the  air,  but  could  not  satisfy  him- 
self by  which.     In  his  next  series  of  experiments  he 
showed  that  light  was  produced  by  rubbing  together 
in  vacuo,  aoibcr  and  flamieU  glass  and  flannel,  glass 
and  oyater-shelb,  woollen  and  woollen,  and  glass  with 
glass.     He  aseertained  also  that  if  glass  be  rubbed 
against  glass,  either  in   the   air  or  under  water,  the 
same  evolution  of  light  takes  place ;  but  he  could  not 
produce  the  same  efTect  with  any  of  the  other  bodies 
tried.  It  is  singular  that  in  these  and  many  such  among 
his  early  experiments,  it  did  not  occur  to  him  that  the 
light  thus  produced  was  electrical*     He   produced  a 
vivid  liglit  by  rubbing  an  exhausted  glass  globe  with 
his  liandf  also   by  agitating  mercury  in  a  varnished 
vessel^  under  an  exhausted  receiver ;   by  breaking  loaf 
sugar,  or  a  lump  of  calomel,  and  at  lirst  supposed 
that  these  effects  were  due  to  some  peculiar  quality 
in  the  glass.     By  the  admission  of  air  into  the  glass 
globe,  the  light  was  diminished  ;  but  if  the  friction 
was  continued,  and  a  person  brought  his  finger  near 
to  the  globe,  the  light  appeared  on  the  point  of  the 
finger.     His  experiments  on  attraction  and  repulsion 
were  perfomied  by  a  wire- ring,  round  which  he  had 
tied  short  pieces  of  thread.     When  this  hoop   was 
brought  near  to  an  excited  globe  or  cylinder,  he  found 
that  in  whatsoever  position  it  was  placed  with  regard 
to  the  excited  electric,   the  threads  all  were  attracted 
towards  the  centre  of  the  globe,  or  towards  a  point  in 
the  axis  of  the  cylinder.    W^en  in  this  state  of  things, 
he  presented  his  finger  to  the  threads;  if  very  near, 
they  would  be  attracted  to  it,  but  if  the  finger  were 
about  an  inch  from  the  threads,  they  would  be  repelled. 
H^  then  tied  two  threads  to  the  axis  of  a  globe  and 
cylinder,  and   found   that  when  the  globe  or  cylinder 
^^as  turned  round  and  excited  by  friction,  the  threads 
diverged  in  straight  lines  from  the  axis,     Tlie  threads 
also  were  repelled  by  a  finger  held  near  to  them  with- 
out the  glass,  even  though  the  finger  did  not  touch  it  j 
but  sometimes  they  would  suddenly  jump  towards 
the  finger,     lie  found  also,  that  when  the  threads 
were  enclosed  within  the  glass,  if  he  blew  upon  it  at 
a  distance  of  three  or  four  feet,  the  threads  would  by 
their  motion   manifest  that   electric   attraction   was 
excited  in  the  glass.     If  the  threads  were  suspended 
freely  in  an  unexcited  globe,  and  any  excited  electric 
was   brought   even  within  a  considerable  distance  of 
the  exterior  of  the  globe,  attraction  was  developed. 
As  this  experiment  did  not  succeed  equally  well  in 
moist  weather,  he  concluded  that  **^  the  moisture  on 
the  surface  of  the  glass  prevented  the  free  passage  of 
electricity  through  it.*'     In  attributing  this  diminu- 
tion of  effect   to  the  influence  of  moisture   he    was 
correct,  but  lie  erred  as  to  its  mode  of  action  ^  from 
considering  that  the  electric  attraction  passed  through 
the  substance  of  the  glass,  whereas  in  fact  the  side  of 
the  glass  opposite  to  that  approached  by  the  excited 
body,  became  itself  electrified  by  induction,  a  matter 
to  be  hereafter  explained. 

In  Mr  Haukeshee's  later  experiments,  he  had 
arrived  at  the  construction  of  the  electrical  machine, 
not  differing  essentially  from  some  in  use  at  the  present 
time.  His  machine  was  in  fact  a  glass  globe,  instead 
of  the  sulphur  ball  of  Gucnckcj  capable  of  being 
whirled  round  in  a  wooden  frame.  When  exhausted 
of  air,  and  turned  brisWv>  the  application  of  his  hand 
would  produce  n  strong  light  on  the  inside  j  and  by  re- 


admitting the  air,  light  appeared  on  the  exterior  also  ; 
but  with  this  singularity,  that  it  appeared  to  stick  to 
his  fingers,  or  to  other  bodies  held  near  the  globe. 
By  bringing  an  exhausted  globe  near  to  an  excited  one, 
he  found  that  a  light  was  produced  in  the  former^ 
which  soon  disappeared  j  but  which  immediately  re- 
appeared in  great  beauty  if  the  latter  were  again  put 
in  motion.  Sir.  Haukesbee  considered,  that  he  had 
estublisbcd  that  when  friction  is  performed  in  vacuo 
no  electrical  attraction  could  be  produced  j  but  thart 
though  this  effect  required  the  agency,  both  of  extenud 
and  internal  air,  yet  that  light  required  the  presence 
of  but  one  of  them  for  its  evolution  j  because  *'  either 
a  glass  globe  full  of  air  rubbed  in  rar«&,  or  with  its 
air  exhausted  and  rubbed  in  pteno,  would  either  way 
produce  a  very  considerable  light."  llie  following 
experiment  must  at  that  time,  and  indeed  long  after, 
have  been  considered  one  of  great  singularity*  More 
than  half  of  a  glass  globe  was  coated  with  sealing-wax, 
exhausted  and  put  in  motion  :  on  application  of  the  hand 
without,  for  the  purpose  of  excitation,  the  form  of  the 
hand  was  distinctly  seen  on  the  inner  concave  Burface  of 
the  wax  j  thus  appearing  to  give  transparency  to  the 
wax,  which  in  some  parts  was  an  eighth  of  an  inch 
thick,  and  in  the  thinnest  parts  would  only  just  allow 
the  flame  of  a  lighted  candle  to  be  seen  through  it  in 
the  dark.  Even  when  the  wax  did  not  strictly  adhere 
to  the  glass  the  effect  remained  the  same.  The  same 
experiment  succeeded  when  pitch  was  used  instead  of 
wax  ;  and  Haukesbee  was  surprised  to  find  that  on  the 
admission  of  air,  nil  parts  of  the  interior  of  this  mixed 
surface,  attracted  erpmlly  as  well  as  if  not  coated  at 
all.  With  melted  flowers  of  sulphur,  this  experiment 
did  not  succeed,  but  with  common  brimstone  it  did. 
If  the  quantity  of  this  sulphur  was  greatly  increased, 
the  light  became  four  times  as  great,  but  the  distinct* 
ness  of  the  image  of  his  fingers  was  diminished*  By 
admitting  a  small  quantity  of  air  to  the  globe  thus 
prepared,  the  light  disappeared  from  the  coated  part, 
but  remained  upon  the  un coated  part.  The  following 
experiments  were  made  upon  the  electrical  effects  of 
some  other  substances,  A  wooden  cylinder  was  coated 
thickly  with  sealiug-%vax,  and  submitted  to  friction 
upon  the  machine.  By  the  hoop  and  threads  it  waa 
shown  to  be  strongly  attractive,  leaf  brass  also  was 
attracted  by  this  apparatus.  In  comparing  these  effects 
with  those  of  the  glass  cylinder,  Haukesbee  comes  to 
a  conclusion,  which  we  now  consider  erroneous  :  *^  so 
that  the  electrical  qualities  of  these  two  bodies,  (glass 
and  wax,)  are  the  same  as  to  all  the  most  general  pro- 
perties. They  differ  only  in  degrees,  the  effluvia  o€ 
glass  producing  more  powerful  effects  than  those  of 
wax.'*  And  yet  he  afterwards  observes,  from  experi- 
ments made  in  the  dark,  that  '^  none  of  the  luminous 
matter  would  be  communicated  to  one's  finger  when 
held  near  it^  whereas  in  the  lights  produced  from 
glass  it  was  otherwise,*'  In  the  same  manner  cylinders 
coated  with  sulphur  and  resin  were  tried  ;  the  former 
had  not  a  very  powerful  effect,  but  the  latter  while 
warm  exceeded  glass,  and  even  attracted  leaf  brass 
without  friction,  at  the  distance  of  an  inch  or  two. 
By  trials  in  vacua,  lie  found  that  sulphur  would  emit 
no  liglit,  but  that  sealing-wax  emitted  more  than  even 
when  freely  exposed.  Mentioning  the  active  motion  pro- 
duced in  bits  of  leaf  brass  lying  on  a  table,  and  covered 
by  a  fiat'bottomed  glass,  when  an  excited  stick  of 
sealing-W»3t  is  held  above  j  M  $^y^i  "  this  shows  the 


tTistO 


ELECTRICITY. 


4S 


•Mir- 

r 


I 


.WL 


I 


penetration,  subtilty,  and  very  great  activity  of  the 
effiuvici  (at  least  of  these)  electrical  bodies/*  Enough 
has  now  been  selected  from  Mr.  Haukcsbee's  writings, 
to  exhibit  him  in  the  light  of  a  very  zealous  and  sue- 
cejsfd  experimentalist.  Of  the  difference  between 
the  two  electricities  he  had  no  suspicion,  though  at 
limes  he  was  struck  by  results  dependent  upon  their 
distjnctian  alone,  and  in  such  cases  he  did  not  fail  to 
point  out  the  discrepaace  of  his  results.  The  cases  by 
wbich  he  convinced  himself,  that  the  electrical  power 
was  not  intercepted  by  solid  bodies,  were  as  we 
now  know  frequently  the  eEFects  of  electricity  by  induc- 
^on,  but  were  ascribed  by  him  to  the  subtile  nature  of 
".  le  effluvium,  which  enabled  it  to  pass  through  the 
substance  of  glass  and  other  bodies.  The  term  effluvium 
which  he  employs,  accords  well  with  his  notion  of  its 
being  a  substantial  emanation  j  and  even  now,  though 
we  are  unable  to  prove  thsit  it  is  a  material  substance, 
we  continue  to  employ  the  words  ekctrkal  Jiaid^  as  a 
convenient  verbal  designation.     We  reason  upon  it  as 

it  were  an  actual  tangible  substance,  and  apply  the 
►hysical  laws  of  matter  to  account  for  its  distribution 
and  arrangement  upon  the  surfaces  of  bodieSj  as  if  its 
particles  could  be  made  the  immediate  objects  of  our 
senses.  Mr.  Haukesbec  did  not  remark  the  distinction 
between  electrics  and  non-electric3  j  for  after  tr}ing  in 
vain  to  produce  electric  light  by  the  friction  of  brass, 
ke  obser%*es,  that  "  if  there  be  any  such  quality  as  light 
to  be  excited  from  a  brass  body,  all  the  attrition  of  the 
several  bodies  1  have  used  for  th^it  purpose,  have  been 
too  weak  to  force  it  from  it.  And,  indeed,  considering 
the  closeness  of  the  parts  of  metals,  and  with  what 
firmness  they  adhere,  entangle,  and  attract  one  another, 
a  small  degree  of  attrition  is  not  suJBcient  to  put  their 
parts  into  such  a  motion  as  to  produce  an  electrical 
quality,  which  quality,  under  the  foremen  tioned  cir- 
cumstances, I  take  to  be  the  appearance  of  such  a  light 
fin  such  a  medium." 

During  the  publication  of  the  above  experiments, 
Dr.  Wall    communicated    in   a   paper    to  the  Royal 
Society,     certain    other    electrical    phenomena,      lie 
of  Boyle's  artificial  phosphorus,  leading  him  to 

iber  J  and  seems  to  consider  the  light  emitted  by  it 
upon  friction  in  the  dark  as  his  own  discovery,  and 
then  adds  *'  Amber  directed  me  to  the  diamond,  from 
tU  being  elect ral  as  the  other,  which  is  also  a  natural 
phosphorus,  or  rather  a  noctiluca  exceeding  all  otliera, 
and  may  without  any  exception,  be  called  a  mineral 
phosphorus."  He  also  mentions  the  luminous  proper- 
ties of  gum  lac  and  sealing-wax^  but  as  Haukesbee*s 
experiaients  appear  in  the  Phil.  Trans,  from  I705  to 
1711,  and  Dr,  Wall*s  in  I7O8,  white  Guericke^s  had 
keen  some  time  in  print,  the  claims  of  all  these  to  the 
discovery  of  electrical  light  must  give  place  to  those 
of  the  Magdeburg  experimentalist. 

Tbe  history  of  electricity  must  now  pass  over  a 
sfxice  of  about  ten  years,  in  which  no  additions  of  im- 
portance were  made  to  the  science.  That  the  dis- 
coveries of  Haukesbee  should  not  have  excited  a 
greater  interest,  and  impelled  philosophers  to  further 
experiments,  may  appear  singular  -,  but  Priestley  has, 
with  grreat  appearance  of  probability,  suggeeted  that 
the  brilliant  discoveries  of  Newton,  in  other  branches 
of  science,  might  possibly  have  engrossed  the  whole 
itteotioiioftbe  scientific  world,  thus  inducing  a  degree 
of  neglect  over  all  electrical  inquiries.  The  PMo- 
iophkal  Trarmcimi  for  J7?o,  ppgtain  the  first  af  Mr, 


Stephen  Grey's  papers  on  electricity,  followed  by  History. 
others  in  the  years  1731  and  173^2, 1735  and  iJ'M.  He  '^--v— ' 
first  states,  that  having  tied  a  down-feather  to  a  small 
stick,  and  brought  near  to  it  an  excited  glass  tube,  the 
fibres  of  the  feather  %vhich  were  at  first  attracted 
towards  the  glass,  would  on  removal  of  the  tube, 
attach  themselves  to  the  stick ;  he  thence  inferred,  that 
some  electrical  property  must  have  been  communicated 
to  either  the  stick  or  the  feather.  Hence  he  was  led 
to  inquire,  whether  if  the  feather  were  drawn  through 
his  fingers,  it  might  not  produce  the  same  effect  by 
acquiring  some  degree  of  electricity.  In  this  experi- 
ment he  succeeded,  and  by  proceeding  in  a  similar 
manner,  he  obtained  indications  of  electricity  in  hair, 
silk,  linen,  woollen,  paper,  leather^  wood,  parchment, 
and  gold-beaters  skin.  From  some  he  obtained  lu- 
minous appearances  in  the  dark,  but  in  most  cases* 
found  it  necessary  to  warm  the  substances  before  he 
submitted  them  to  experiment.  PhlL  Trans.  17'^0, 
p.  107.  The  next  series  of  experiments  by  Mr,  Grey, 
contains  a  discovery  of  some  interest,  namely,  that 
bodies  in  which  electricity  is  not  capable  of  being 
excited,  might  nevertheless  receive  it  by  communica- 
tion from  regularly  excited  electrics.  He  had  failed 
in  attempting  to  make  metals  electric  by  heating, 
rubbing,  and  hammering  them  3.  but  yet  as  they  would 
receive  electric  light  from  glass  in  the  dark,  he  con- 
sidered that  they  might  receive  general  electricity  also 
At  this  period  it  must  be  remarked,  that  attraction  was 
considered  the  only  absolute  proof  of  the  presence  of 
electricity.  In  February  17^9,  Mr.  Grey  informs  us 
he  made  the  following  experiments.  He  procured  a 
glass  tube  three  feet  five  inches  long  and  nearly  1*3 
in  diameter.  Its  ends  he  closed  with  two  corks  fo 
exclude  the  dust  ^  he  first  established  thai  by  these 
corks,  the  attractive  power  of  the  tube  was  not  dimi- 
nished ;  and  then  found  that  a  feather  was  attracted  to 
the  cork,  as  by  the  tube  itself.  To  the  cork  he  then 
afiixed  an  ivory  ball  by  a  short  stick,  and  then  found 
that  this  attracted  and  repelled  the  leather  even  more 
strongly  than  the  cork  had  done.  The  stick  was  then 
lengthened,  and  finally  pieces  of  wire  were  substi- 
tytetl  in  its  place,  without  any  diminution  of  cflTect. 
llie  wire  was  found  to  attract  the  feather  throughout  its 
whole  extent,  but  not  so  forcibly  as  the  ball.  For  wires 
he  then  substituted  strings,  and  instead  of  the  ivory 
ball  he  suspended  a  great  variety  of  substances ; 
towards  all  of  which  he  was  able  to  attract  small  light 
bodies,  by  exciting  the  glass  tube  at  the  other  end  of 
the  string.  Having,  by  this  mode  of  suspension,  with 
canes,  rods^  and  pack-thread,  proved  that  he  could 
convey  the  electro-attractive  property  a  distance  of 
fifty-two  feet  perpendicularly-  he  was'  desirous  of  at- 
tempting the  same  thing  in  a  horizontal  direction. 
In  his  first  experiment  he  suspended  a  pack-thread 
upon  nails  affixed  to  a  beam  5  but  in  this  case  though 
he  failed  in  his  experiment,  he  attributed  the  failure  to 
the  right  cause,  namely,  that  the  beam  had  carried  off 
the  electricity.  Mr,  Wheler,  to  whom  Grey  had  men-  ^vhrier. 
tioned  this  difficulty,  proposed  to  suspend  the  pack« 
thread  by  silken-threads  j  and  the  expedient  was 
readily  adopted  by  Mr.  Grey,  from  a  belief  that  the 
smaller  substance  of  these  threads,  would,  in  a  great 
degree,  prevent  the  abstraction  of  the  electrical  power. 
The  experiment  was  completely  successful,  and  the 
eflfect  produced  at  a  distance  of  147,  and  subsequently 
293  feet,     Qn  the  breaking  of  their  silk  lines  of  sua- 
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p«tridty.  pension,  wire  was  thought  of  as  a  ffubstitule,  being  of 
'  still  smaller  diameter ',  but  here  again  all  e£fect  was 
lost^  and  they  therefore  concluded,  "that  the  success 
they  had  before,  depended  upon  thd  lines  that  sup- 
ported the  line  of  communication  being  silk,  and  not 
upon  their  being  small.'*  Again  returning  to  silk  lines 
more  judiciously  affixed,  they  conveyed  electricity  a 
distance  of  666  feet.  In  an  eitperiment  of  this  Idnd, 
made  without  doors,  they  perceived  that  when  the  dew 
appeared  in  the  evening,  no  effects  could  be  obtained. 
PhU,  Trans.  17:J1>  p.  32, 

It  is  conjectured  by  Priestley,  that  about  the  same 
l^me  hair,  reain,  glass,  and  some  other  substances, 
besides  silk,  were  discovered  to  be  non-conductors. 
Mtignetism  wa^  found  not  to  interfere  with  electricity  ^ 
and  that  even  lai^  surfaces,  such  as  a  map  and  an 
extended  foble-cloth  might  be  rendered  electrical  ^  that 
electricity  might  be  communicated  in  several  direc- 
tions at  the  same  time ;  t^at  a  poker  being  heated,  was 
not  thereby  prevented  from  receiving  the  effluvium. 
The  next  experiment  related,  is  an  interesting  one,  in 
which  a  hair  line  eleven  feet  long  was  affixed  to  a 
beam,  with  a  leaden  weight  attached  to  its  lower  end. 
When  the  excited  glass  tube  was  brought  near  to  the 
lower  part  of  the  hair  line,  but  without  touching  it, 
the  lead  gave  signs  of  electricity,  by  attracting  brass 
leaf ;  but  if  the  tube  was  held  high  up  near  to  the  beam, 
the  effect  did  not  take  place.  They  then  attempted  to 
ascertain  by  solid  and  hollow  cubes  of  wood  of  equal 
magnitude,  whether  the  electric  attraction  were  pro- 
pprtioned  to  the  quantity  of  matter  contained  in  the  at- 
tracting bodies.  Without  coming  to  any  decision  on  this 
point.  Grey  was  of  opinion,  that  the  electricity  passed 
through  every  part  of  the  solid  cube,  though  no  part 
except  the  surface  attracts.  In  his  next  trials,  Mr.  Grey 
electrified  a  wooden  rod  without  touching  it  as  he  had 
done  the  hair  line  y  he  then  tried  the  attractive  power 
of  metal  hoops,  suspended  in  different  positions  by 
hair  lines,  in  order  to  show  that  the  effect  upon  the 
hoops  which  were  not  touched  by  the  glass  tube, 
might  be  conveyed  both  in  vertical  and  horizontal 
circles.  In  these  and  many  such  experiments,  he  was 
employing  what  we  now  call  electricity* by  induction, 
but  without  being  aware  of  the  circumstance,  and  having 
no  means  of  ascertaining  the  presence  of  electricity, 
beyond  the  attraction  of  light  bodies,  he  could  not 
recognise  the  difference  of  the  two  electrical  states  of 
bodies.  Mr.  Grey*s  next  experiments  embrace  a 
totally  different  class  of  bodies.  In  order  that  he 
might  ascertain  the  conducting  power  of  liquids,  he 
blew  a  common  soap-bubble  with  a  tobacco-pipe ;  and 
having  electrified  the  pipe,  he  found  that  small  pieces 
of  Dutch  metal  were  attracted  by  the  lower  pendent 
part  of  the  bubble.  Having  suspended  a  boy  by  means 
of  hair  lines,  he  found  that  the  human  body  is  a  good 
conductor  ;  Mr.  Wheler  having  proved  the  same  of  a 
chicken  before.  From  such  experiments  Mr.  Grey 
infers,  that  "  animals  receive  a  greater  quantity  of 
electrical  fluid  than  other  bodies  ;'*  and  yet  throughout 
all  these  attempts  it  never  occurred  to  him,  that  the 
moisture  in  several  of  the  substances  was  the  cause  of 
their  conducting  properties.  At  the  close  of  the  same 
paper,  he  Uncntions  some  results  at  which  he  had 
arrived,  showing  that  different  colours  differed  in  their 
attractive  properties  j  these,  however,  were  proved  by 
M.  du  Fay  to  be  erroneous.  The  next  paper  in  173^> 
is  to  show  that  a  body  of  water  when  placed  upon 


an  insulating  stand  of  glass  or  resin,  might  by  passing  Hi 
an  excited  tube  over  it  a  few  times  be  made  to  exhibit  "^^^ 
electrical  attraction  ;  also  that  an  excited  tube  held 
over  small  cups  quite  filled  with  water,  would  cause 
the  water  to  rise  up  in  conical  mounds  5  and  that  a 
stream  of  light  passed  from  the  tops  of  these  cones 
yisible  in  the  dark,  carrying  with  it  a  small  quantity 
of  moisture  which  was  deposited  upon  the  surface  of 
the  tube.  p.  230.  Quicksilver  was  found  capable  of  aa 
elevation,  similar  in  kind,  but  less  in  degree  in  co»- 
sequence  of  its  superior  specific  gravity.  His  neat 
series  of  experiments  was  made  upon  nineteen  sul>- 
stances,  consisting  of  resins  and  sulphur,  these  he  found 
after  having  been  fused  in  an  iron  ladle  and  suffered 
to  cool,  acquired  a  strong  electrical  property;  and  by 
wrapping  the  bodies  up  in  worsted,  their  power  con- 
tinued unimpaired  until  the  time  of  his  writing,  whick;, 
with  respect  to  some  of  them,  included  a  space  of  four 
months.  Their  attractive  property  was  manifested 
whenever  required,  by  holding  to  them  a  stick  with  a 
bit  of  thread  tied  to  the  end  of  it.  The  most  powerM 
of  these  was  a  cone  of  sulphur,  cast  in  a  large  drinking 
glass,  which,  whenever  the  glass  was  li^d  off,  ex- 
hibited strong  electrical  properties;  and  in  fair  weather 
the  glass  would  attract  also.  Some  further  essays^ 
published  about  the  same  time  by  Grey  and  Wheler, 
in  conjunction,  add  little  to  the  real  knowledge  on 
this  subject,  and  refer  principally  to  different  modes 
of  varjing  the  means  of  communication  between  the 
excited  electric,  and  the  attracting  ball. 

The  discoveries  of  M.  du  Fay  will  for  the  present  Dq  I 
interrupt  the  series  of  Mr.  Grey's  papers.  This  excels 
lent  foreign  experimentalist  communicated  his  essays 
to  the  Academy  of  Sciences  at  Paris,  in  eight  memoirs, 
ublished  during  the  years  1733, 1734,  and  1737  ;  but 
lie  also  transmitted  a  succinct  abstract  of  his  labours 
to  the  Royal  Society,  which  is  published  in  the  Tran»^ 
actions  for  1734.  From  this  paper,  as  better  suited 
to  the  brevity  of  our  present  purpose,  we  extract  the 
substance  of  his  discoveries.  He  found  that  *'  all  bodies 
(metallic,  soft,  or  fluid  ones  excepted,)  may  be  made 
electric  by  first  heating  them  more  or  less,  and  then 
rubbing  them  on  any  sort  of  cloth.**  He  then  men- 
tions Mr.  Grey's  experiment  of  placing  water  upon  aa 
insulating  stand,  and  electrifying  it  by  the  approach  of 
an  excited  tube ;  and  states  that  he  found  upon  trial 
'*  the  same  thing  happened  to  all  bodies  without  ex- 
ception, whether  solid  or  fluid;  and  that  for  thai 
purpose  it  was  sufficient  to  set  them  on  a  glass  stand 
slightly  warmed  or  only  dried;"  and  ''that  such  bodies 
as  of  themselves  were  least  electrical,  had  the  greatest 
degree  of  electricity  communicated  to  them  at  the 
approach  of  the  glass  tube."  He  then  ingeniously 
proves  that  Mr.  Grey's  inference,  of  different  coloured 
substances  attracting  differently,  depended  upon  the 
colouring  matter,  and  not  upon  the  colour  itself.  The 
next  experiment  is  to  show  that  the  pack-thread  used 
in  Mr.  Grey's  experiments,  transmitted  electricity 
much  better  by  being  wetted,  and  that  it  might  be 
supported  upon  glass  tubes  instead  of  silk  lines.  Having 
suspended  himself  upon  silk  lines,  in  the  manner  of 
the  child  in  Mr.  Grey's  experiments,  he  found  that 
when  he  held  the  pasteboard  disc  on  which  was  the 
gold  leaf  in  his  hand,  no  part  of  his  own  body  would 
attract  it,  but  that  it  would  be  attracted  by  any  part  of 
a  second  person,  not  so  suspended.  Also,  that  by  the* 
approach  of^ another  persons  hand  to  any  part  ot\A9t 
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body,  a  $park  would  pas3  from  bimself  to  the  Imndj 
'  and  cause  a  pricking  sensation  to  both  parties.  The 
Abb6  NoUet,  who  accompanied  hiim  in  these  experi- 
ments, says  he  shall  never  forget  the  surprise  this 
phenotnenoQ  occasioned  to  both  pttrtics.  In  repeating^ 
'he  experiments  of  Guericke,  he  says  he  discovered  a 
cry  timpte  principle  which  accounts  for  a  great  part 
"  the  irregularities  that  seem  to  accompany  most  of 
Ifbe  ejEperinients  on  electricity*  This  principle  is, 
I*  Unit  all  electric  bodies  attract  all  that  are  not  so,  and 
epel  them  as  soon  as  they  become  electric  by  the 
ricinity  or  cootact  of  the  electric  body.  Thus  leaf 
old  is  first  attracted  by  the  tube,  and  acquires  an 
tricity  by  approaching  it  3  and  of  consequence  is 
nmedtatety  repelled  by  it  Nor  is  it  reattracted 
rhile  it  retains  its  electric  quality.  But  if  while  it  is 
bus  sustained  in  the  air,  it  chance  to  light  on  some 
*hef  body,  it  straightways  loses  its  electricity,  and 
Dosequcntly  is  reattracted  by  the  tube,  which  after 
ariDg  given  it  a  new  electricity,  repels  it  a  second 
nc,  which  continues  as  long  as  the  tube  keeps  its 
Sectricity.  Upon  applying  this  principle  to  the  various 
Linents  of  electricity,  one  will  he  surprised  at  the 
anUKr  of  obscure  and  puzzling  facts  it  clears  up/' 
TIhs  application  to  the  experiments  of  his  predecessors 
Dtt  Fay  proceeds  to  make.  In  the  next  place  he  says, 
**  Chance  has  thrown  in  my  way  another  principle 
more  universal  and  remarkable  than  the  preceding  one, 
which  casts  a  new  light  on  the  subject  of  electricity. 
This  principle  is,  that  there  arc  two  distinct  clectri- 
cHies  very  different  from  one  another,  one  of  which  I 
call  vitreous  electricity,  and  the  other  resinous  elec- 
tricity. The  first  is  that  of  glass,  rock  crystal,  pre- 
cious stones,  hair  of  animals,  wool,  and  many  other 
bodies  :  the  second  is  that  of  amber,  copal,  gum  InCj 
iSIk,  thread,  paper,  and  a  vast  number  of  other  sub- 
flanees.  The  characteristic  of  these  two  electricities 
is«  that  a  body  of  the  vUrems  elecirkiitf ,  for  example, 
lepeU  all  such  as  are  of  the  same  electricity,  and  on 
the  contrary,  attracts  all  those  of  the  resinous  electricity; 
so  tbat  the  tube  made  electrical  will  repel  glass,  crys- 
tal, hair  of  animals,  &e.  when  rendered  electric,  and 
will  attract  silk,  thread,  paper,  &c.  though  rendered 
deetncal  likewise.  Amber  on  the  contrary,  will 
Mraet  electric  glass,  and  other  substances  of  the  same 
dm,  and  will  repel  gum  lac,  copal,  bilk,  thread,  &c. 
Tiro  silk  ribands  rendered  elect rictd  will  repel  each 
oiher  5  two  woollen  threads  will  do  the  like  ;  but  a 
woollen -thread  and  a  silk- thread  will  oiutually  attract 
mm  oiKither,  This  principle  very  natundly  explains 
wkyllie  ends  of  threads,  of  silk,  or  wnoi,  recede  from 
one  another  in  form  of  a  pencil  or  broom  when  they 
kave  acc|uired  an  electric  quality.  In  order  to  know 
llDiQediately  to  which  of  the  two  classes  of  electricity 
Wloags  any  body  whatsoever,  one  need  only  render 
electrical  a  silk-thread,  which  is  known  to  be  of  the 
|jesmous  electricity,  and  sec  whether  that  body  ren- 
ted electrical  attracts  or  repels  it.  If  it  attracts  it 
t  certainly  of  that  kind  of  electricity  whiih  I  call 
vitreous  I  if  on  the  contrary  it  repeU,  it  is  of  the  same 
\ind  of  electricity  %vith  the  silk,  that  is  of  the  resinous.'* 
Phil,  Trans,  p,  265. 

M.  du  Fay  concludes  this  paper  by  stating  that  a 
body  so  insulated,  as  to  be  capable  of  retaining  elec* 
icity,  continues  to  retain  the  same  species  of  clec- 
riciiy  which  is  at  first  communicated  to  it.  He  re- 
B^rks^  that  in  the  case  of  two  bodies  similarly  elec- 


trified for  the  exhibition  of  repulsion,  there  is  to  be  History* 
this  limitation,  that  the  bodies  be  made  equally  elec- 
trical; for  if  one  were  weakly  electrical,  and  the  other 
strongly  so,  attraction  would  take  place,  be  the  kinds 
of  electricity  what  they  might.  In  this  view  of  the 
question,  that  there  arc  two  distinct  species  of  electri- 
city, the  continental  philosophers  have  with  some  few 
exceptions  remained  to  this  day  j  but  as  we  shall 
hereafter  find,  another  theory  was  subsequently  pro* 
posed  by  Dr.  Franklin,  which  has  also  for  its  patrons 
some  experimentalists  of  distinguished  eminence. 

In  resuming  the  detail  of  Mr.  Grey's  experiments, 
contained  in  four  papers  communicated  to  the  Royal 
Society  in  17i^5  and  1736,  we  shall  have  little  of  im- 
portance to  select.  He  repeated  and  varied  the  expe- 
riments of  M.  du  Fay,  and  in  company  with  Mr, 
Wheler  and  some  others,  observed  the  cone  of  electric 
light  formed  by  diverging  rays  from  the  point  of  a 
metal  rod  attached  to  an  electrified  body.  One  passage 
in  his  writings  has  been  deservediy  selected  to  prove 
the  sagacity  of  this  very  judicious  experimentalist. 
Speaking  of  the  effects  of  electricity  communicated  ta 
insulated  conducting  bodies,  he  says,  "  Although  these 
effects  are  at  present  but  in  minimis,  it  is  probable  ia 
time  there  may  be  found  out  a  way  to  collect  a  greater 
quantity  of  the  electric  fire  j  and  conset[uenlly  to  in- 
crease the  force  of  that  power  5  which  by  several  of 
these  experiiments,  *  si  licet  magnis  componere  parva,* 
seems  to  be  of  the  same  nature  with  thunder  and  light- 
ning." It  will  hereafter  appear  how  completely  these 
predictions  were  verified  in  the  discovery  of  the  Ley- 
den  jar,  and  in  Franklin's  experiments  with  the  elec- 
trical kite.  The  remaining  researches  of  Mr.  Grey 
may  here  be  omitted  almost  without  further  notice 
It  has  been  clearly  shown  that  he  was  in  truth  a  bene- 
factor to  electrical  science  ^  but  in  his  last  experiments 
upon  the  rotation  of  pendulous  bodies  from  west  to 
east,  under  circumstances  of  electrical  attraction,  he 
probably  had  deceived  himself ;  some  of  these  were 
communicated  to  Dr.  Mortimer  the  day  before  his 
death,  and  this  gentleman  upon  a  subsequent  trial 
seems  to  have  thought  that  he  had  obtained  results, 
similar  to  those  of  Mr.  Grey.  Mr.  Wheler  also  toge- 
ther with  some  members  of  the  Royal  Society,  under- 
took the  examination  of  Mr.  Grey*s  results,  and  at  last 
gave  it  as  his  opinion,  that  a  desire  to  j)roduce  the 
motion  from  west  to  cast  was  the  secret  cause  that 
determined  the  pendulous  body  to  move  in  tliat  direc- 
tion, by  means  of  some  force  impressed  by  Mr.  Grey's 
hand,  £is  well  as  by  his  own  ;  though  he  was  at  the 
same  time  persuaded  that  he  was  not  sensible  of 
giving  any  motion  to  his  hand  himself. 

From  the  papers  of  Mr,  Wheler  published  about  this 
time,  he  seems  to  have  made  a  series  of  observations 
with  results  which  led  him  to  the  stune  conclnsion  at 
which  M.  du  Fay  had  arrived  :  and  from  the  dates  of 
their  respective  papers  it  would  appear  that  each  had 
established  the  same  facts  witli  regard  to  the  opposite 
states  of  electrical  excitation,  in  de  pen  den  tly  of  the  other. 

Eight  memoirs  in  the  PhiL  Tram,  co  tup  rise  the  De^egu- 
labours  of  Dr.  Desaguliers  on  this  subject,  and  in  1742,  li«nk 
the  date  which  his  last  paper  bears,  he  published  an 
excellent  essay  on  electricity,  which  gained  the  prize 
from  the  Bourdeaux  Academy.  Few  new  experiments  of 
imjMjrtancearc  brought  forward  by  this  writer  ;  but  he 
systematiited  and  armnged  the  discoveries  of  his  pre- 
decessorsp  introducing  some  judicious  terms  of  nomen- 
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Electriclt)'.  clature^  whicli  still  continue  to  be  employed.  He  first 
'  dbtmclly  divided  bodies  into  t  tec  tries  and  non-electrics 
or  conductors  ^  the  former  being  glass  and  those  sub- 
stances capable  of  electrical  excitation,  and  incapable 
of  conducting  the  fluid  from  one  body  to  another  j  the 
latter,  incltiding  metals  and  snch  bodies  as  were  not 
then  thought  capable  of  excitation,  but  which  could 
convey  away  the  fluid  from  other  excited  substances. 
He  seems  to  have  first  decided  that  air  belonged  to 
the  former  of  theee  classes,  and  showed  that  the  con- 
ducting properties  it  sometimes  exhibited,  were  the 
effects  of  water  contained  in  it  in  the  state  of  vapour; 
thus  he  accounts  for  the  superior  success  of  electrical 
experiments  in  frosty  weather,  and  in  dry  states  of  the 
atmospiicre. 

We  have  now  arrived  at  a  period  in  the  history  of 
electricity  at  which  the  Germans  became  zealous 
labourers  in  this  branch  of  philosophy*  The  globe  of 
glass  which  Haukesbec  had  introduced,  and  ivhich 
subseijuent  electricians  had  very  injudiciously  neg- 
lected, was  again  employed  by  Mr  Boze,  Professor  of 
Philosophy  at  Wit  tern  burg]  he  also  introduced  the 
prime  conductor,  suspending  it  from  silken-threads, 
Wlaklcr,  Professor  Winkler  of  Leipzic  substituted  a  cushion 
for  a  rubber  instead  of  the  hand.  In  place  of  the  globe 
Mr*  Gordon,  a  Scotch  Benedictine  monk^  and  Professor 
of  Philosophy  at  Erfurt,  introduced  a  glass  cylinder 
eight  inches  in  length  and  four  in  diiimeter,  to  be 
turned  with  a  bow.  The  principal  object  of  the  expe- 
rimentalists of  this  period  appears  to  have  been  the 
production  of  as  powerful  a  spark  as  possible ;  and  from 
thence  the  transition  was  easy  to  the  ignition  of  com- 
bustible substances  by  its  effect.  Ludolf  of  Berlin 
appears  to  have  first  accomplished  this  by  setting  tire 
to  the  ethereal  spirit  of  Frobcnius. 

Ludolf  the  younger  also  showed,  that  the  light  seen 
in  agitating  the  mercury  of  a  barometer,  was  truly  an 
electrical  phenomenon,  and  that  the  glass  tube  became 
excited  in  consequence.  Boze  proved  by  many  expe- 
riments, that  the  weight  of  bodies  was  not  aflFected  by 
giving  to  them,  or  abstracting  from  them,  electricity. 
Several  ingenious  electrical  toys,  which  w  ill  be  here- 
after described,  date  their  origin  from  this  period.  Br, 
Miles  in  1/15,  observed  the  pencil  of  luminous  rays 
proceeding  from  an  excited  dectricj  even  without  the 
approach  of  a  conducting  body.  The  same  year  (1745) 
brings  us  to  the  discoveries  of  Dr.  Watson,  the  details 
of  which  are  contained  in  the  Phit.  Trans,  He  first 
repeated  the  experiments  of  tlie  Germans  on  the  firing 
of  spirits  and  gunpowder,  by  the  electric  spark.  This 
had  been  performed  by  a  person  holding  the  subst^ince 
in  a  metallic  spoon,  and  thus  receiving  upon  it  the 
spark  from  the  conductor  of  a  machine.  He  reversed 
the  experiment,  placing  the  substance  in  contact  with 
the  conductor,  or  in  the  hands  of  an  electrified  person, 
and  then  produced  ignition  by  receiving  a  spark  from 
it.  In  1746  he  describes  the  difference  of  colour  in 
the  electric  sparks,  if  received  from  different  sub- 
stances, and  says  that  the  fire  is  much  redder  from 
rough  surfaces,  such  as  rastyiron,  than  from  polished 
iron  or  steel,  however  sharp  the  point  from  which  it 
U  taken.  He  supposed,  however,  that  this  difference 
was  owing  to  some  variation  in  the  reflection  of  the 
light,  rather  than  to  any  real  difference  in  its  colour. 
He  next  proves  that  the  electric  fluid  suffers  no  re- 
fraction in  its  obli-iue  passage  through  bodies ;  and 
that  its  pasflAge  through  glass  was  much  facilitated 
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by  the  glass  having  been  preiiously  warmed.  He  IHiW 
showed  that  in  electrifying  conductors  of  considerable 
extent,  electricity  is  first  accumulated  or  developed  at 
that  part  which  is  most  remote  from  the  excited  elec- 
tric. Also  that  electric  fire  is  neither  increased  nor 
diminished  by  ordinary  heat  or  cold  ;  and  that  both 
smoke  and  flame  were  conductors  of  electricity. 

The  discovery  of  a  method  for  accumulating  and  Miwchi 
preserving  the  electric  fluid  in  large  quantities,  appears  broeckj 
to  have  been  made  in  the  year  1745,  by  Kleist  a  monk  j 
and  simultaneously  by  Muachenbroeck  at  Ley  den,  from 
which  circumstance  it  still  bears  the  name  of  the  Ley- 
den  jar  or  phial.  According  to  Dallibard  however^ 
the  inventor's  name  was  Cuneus.  From  the  accounts 
handed  down  to  us,  it  would  appear  that  this  great 
addition  to  electrical  apparatus  was  the  result  of  deli- 
berate reflection,  and  if  so,  great  credit  is  due  to  these 
sagacious  experimentalists.  Muschenbroeck  and  his 
friends  observed  that  excited  electrics  soon  lost  their 
electricity  by  exposure  to  the  atmosphere,  w  hich  is 
replete  with  conducting  matters  of  various  kinds  ^  they 
therefore  supposed  that  if  the  electrified  bodies  could 
he  surrounded  by  more  perfect  non-conductors,  the 
change  would  be  greater  and  more  permanent.  With 
these  views,  they  attempted  to  change  some  water 
contained  in  a  ghiss  bottle,  and  at  first  with  no  very 
marked  result.  At  length  however  when  a  communi- 
cation had  been  made  between  the  water  and  the  prime 
conductor,  and  at  the  same  time  one  of  the  party  had 
held  the  outside  of  the  bottle  in  his  hand  ;  on  at- 
tempting to  disengage  the  wire  passing  from  the 
prime  conductor  to  the  water,  he  experienced  a  sud- 
den shock  in  his  arms  and  breast,  which  it  would  seem 
the  party  had  not  gone  far  enough  in  their  speculations 
to  foresee.  We  must  here  puss  by  the  numerous 
absurd  accounts  which  the  repetition  of  these  experi- 
ments produced  5  doubtless  these  early  electricians 
may  have  given  to  each  other  some  severe  shocks, 
but  the  novelty  of  the  circumstance  aided  by  fear,  can 
alone  account  tor  the  marvellous  descriptions  of  their 
effects.  Watson  made  some  important  observations 
connected  with  this  experiment.  He  noticed  the  flash 
of  light  which  accompanies  the  discharge  of  the  jar. 
He  found  that  the  power  of  the  shock  was  oEteris  pa^ 
ribus,  as  the  surface  of  conductors  in  contact  with  the 
outside  of  the  jar.  Reasoning  from  this  circumstance. 
Dr.  Be  vis  suggested  the  nppncation  of  tin  foil  to  the 
outer  surface  of  the  jar,  extending  it  abuost  to  the  top, 
in  which  case  it  wa-s  found  as  might  be  expected,  that 
as  powerful  a  s^hock  was  obtained,  by  touching  this 
outer  coating  with  wire,  as  if  the  hand  were  applied 
to  the  surface  itself.  Watson  also  found  that  the  dis- 
charge proceeds  by  the  shortest  course,  supposing  it 
to  have  the  choice  of  conductors  equally  good.  8mea- 
ton  about  this  time  suggested  the  coating  a  glass  plane 
on  both  sides  within  an  inch  of  the  edge,  and  Bevis 
tried  the  experiment  with  complete  success.  On  this 
hint  Watson  completed  the  electric  jar  in  its  present 
form,  by  coating  the  inside  and  outside  equally  with 
tin  foil  or  silver  leaf. 

In  Mr.  Wilson's  essay  he  informs  us,  that  as  early  as  wilsoa 
the  year  1740,  he  discovered  a  method  for  giving  the 
shock  to  any  part  of  the  body  without  atfecting  the 
rest.  He  communicated  also  by  letter  to  Mr.  .Smea-  Smeat 
ton  his  attempt  to  discover  the  law^  of  accumulation 
of  the  electric  matter  in  the  Leyden  jar,  and  found 
that  it  was  in  proportion  t^;*  the  thicknessof  the  glass. 
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to  tbe  surface  of  the  glass,  and  to  that  of  the  con- 
dtictiiig  surfaces  in  contact  with  the  inside  and  outside 
of  the  jar.  In  this  same  work,  mention  is  made  of 
Mr.  George  Graham's  having  discharged  a  jar,  causing 
llie  shock  to  pass  through  several  persons  at  the  same 
tume,  by  joining  of  hands,  as  is  now  common, 

Mr  Canton  found  that  if  a  cbirgcd  jar  were  placed 
D{x>n  an  insulating  stand,  a  spark  might  be  taken 
from  the  wire  communicating  with  the  interior,  and 
from  the  exterior  coating  alternately,  and  that  thus  the 
jarmig:ht  be  entirely  discharged.  The  publications  of 
Kollet  and  Le  MoiiDicr  exhibit  at  this  period  a  view 
of  tbe  progress  of  electricity  in  France,  but  their  expe- 
riments  differ  little  from  those  of  oyr  own  electricians 
of  the  same  era. 

The  distance  to  which  electricity  might  be  conveyed, 
and  the  rate  of  its  motion,  were  the  points  that  next 
engaged  the  attention  of  both  the  English  and  French 
experimentalists.  In  France,  the  discharge  of  the 
Levden  jar  wa.'^  effected  through  circuits  of  nine 
liundrcd  ;  and  two  thousand  tolses  in  length  ;  in  one 
experiment,  the  basin  in  the  garden  of  the  Tuilleries 
wus  taken  into  the  circnit,  having  a  surface  of  about 
an  acre  of  water,  M.  le  Monnier  on  trial  could  not 
find  that  however  long  the  circuit,  any  appreciable 
time  was  occupied  in  the  passage  of  the  fluid.  The 
researches  of  the  Engli^h  on  this  subject  were  con- 
ducted on  a  most  magnificent  scale.  The  party  con- 
siitedof  Mr.  Folkes  the  Frcsideul,  and  several  Fellows 
of  the  Royal  Society,  with  J>r,  Watson  at  their  head, 
AS  chief  operator.  They  first  received  the  shock  by 
passing  the  wire  along  Westminster  Bridge,  and 
making^  the  water  of  the  Thames  through  its  whole 
width,  part  of  the  chain  of  communication.  In  July 
1747,  they  conveyed  it  by  wires  on  land  8C>0  fcetj  and 
by  the  water  of  the  New  Iliver,  at  Stoke  Newington^ 
?CX)0  feet.  Also  2SD0  feet  by  land,  and  by  water 
8000.  It  subsequently  appeared,  however,  that  here 
the  fluid  had  taken  a  shorter  course  by  traversing  the 
intervening  land.  By  further  experiments  made  on 
the  5 til  of  August  17  44,  at  Highbury  Barn  beyond 
Islmgton,  they  found  the  lluid  convey c'd  by  dry  land, 
and  that  the  effect  ivas  much  increased  by  insulating 
the  conductors,  as  well  as  the  persons  who  held  the 
rods  to  receive  the  shocks.  Their  last  attempt  was 
to  ascertain  whether  the  electric  shock  were  perceptible 
at  a  distance  much  greater  than  that  to  which  they 
had  before  carried  it,  through  ground  perfectly  dry, 
and  to  distinguish,  if  |jossible,  the  respective  velocity 
of  electricity  and  sound.  On  the  14th  of  August,  1747, 
the  experiments  were  made  at  Shooter  5  Hill,  when 
during  the  preceding  five  weeks  only  one  shower  of 
rain  had  fallen.  The  wire  communicating  with  the 
iron  rod  wliich  made  the  discharge,  was  6732  feet  in 
lengtb,  and  supported  upon  baked  sticks  throughout,  as 
also  was  the  wire  communicating  with  the  coating  of  the 
jar,  this  wire  being  3B6S  feet  in  length,  the  observers 
being  distant  from  each  other  two  miles.  The  result 
of  the  discharge  demonstrated  to  the  satisfaction  of 
the  parties  present,  that  the  circuit  performed  by  tbe 
electric  matter  was  four  mileSj  viz.  two  miles  of  wire^ 
and  two  of  dry  ground,  the  latter  being  the  space  be- 
tween the  extremities  of  the  wires.  A  gun  was  dis- 
fihikrged  at  the  instant  of  the  explosion,  and  the 
"  observers  had  stop  watches  to  note  tbe  moment  when 
Ihey  felt  the  shock,  but  as  far  as  they  could  dislin- 
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guishj  the  time  in  which  the  electric  matter  performed    History, 
that  vast  circuit,  might  have  been  instantaneous.         ^'--'"v^* 

The  period  with  which  we  arc  now  occupied,  was  NoUet, 
one  ferrile  in  electrical  research ^  it  may  be  made  to 
comprise  the  principal  labours  of  Watson  in  England, 
and  of  NoUet  in  France.  Of  the^^e  the  most  uoportant 
in  theory  is  due  to  the  former,  who  proved  that  glasi 
tubes  and  globes  did  not  contain  the  electric  power  in 
themselves,  but  were  as  he  phrased  it,  'Miiovers  or 
determiners*'  of  that  power.  This  he  discovered  by 
finding  that  while  he  stood  upon  a  cake  of  wax,  in 
order  as  he  expected,  to  prevent  any  of  the  electric 
power  from  discharging  itself  through  his  body  to  the 
floor,  no  spark  could  be  obtained  from  his  body,  but 
that  if  a  person  not  electrified  held  his  hand  near  the 
tube,  he  himself  received  a  shock  of  electricity,  and 
sparks  might  be  taken  from  him.  The  conditions 
under  which  electrical  excitation  may  be  eBTected  witli 
regard  to  the  insulation  or  not  of  the  rubbers  and 
conductors,  are  principally  the  result  of  this  gentle- 
man's researches  J  he  expresses  his  ideas  on  the  subject, 
by  laying  it  down  as  a  law,  that  in  all  electrical  ope* 
rations,  there  is  an  afflux  of  electrical  matter  to  the 
globe  and  the  conductor,  and  likewise  an  eMuxof  the 
same  electric  matter  from  them.  Upon  this  view, 
however,  he  shortly  afterwards  improved,  observing 
that  in  the  case  of  tw^o  insulated  person s^  the  on^  in 
contact  with  the  conductor,  and  the  other  in  contact 
with  the  rubber,  both  would  give  sparks  >  but  that 
cither  could  communicate  a  much  stronger  spark  to 
the  other  than  to  any  bystander.  The  electricity  of 
the  one  becomes  more  rare  he  says,  than  it  naturally 
is,  and  ihat  of  the  other  more  dense  3  so  thx\t  the 
density  of  electricity  between  the  two  persons  differed 
more  than  that  between  either  of  them  and  another 
person  standing  upon  the  floor.  This  discovery  was  iu 
fact  identical  with  that  of  the  celebrated  Dr  Franklin  in 
America,  who  thus  explained  the  theory  of  plus  and 
minus  electricity.  Watson  also  proved  that  elec- 
tricity passes  through  the  substance  of  a  cumin c ting 
wire,  and  not  along  its  surface,  by  coating  n  wire 
with  a  cement  of  wax  and  resiu,  and  discharging  ti 
jar  through  it.  The  same  was  subsequently  shown  by 
M.  Jallaljert,  Professor  at  Ceneva,  who  at  the  same 
time  proved  ice  to  be  a  conductor. 

In  1746  also,  Le  IMonnier  showed  that  electricity  is  Le  Mon» 
not  communicated  to  homogeneous  bodies  in  proportion  ^^^^' 
to  their  masses,  but  ratlier  in  proportion  to  their  sur- 
faces. The  various  memoirs  of  Watson,  ^\'inkkr. 
Hales,  NoUet^  and  Ellicot,  in-^ertcd  in  the  Phihxophkal 
Transactions  about  this  period,  are  replete  with  inte- 
resting and  well-directed  experiments,  many  of  these 
it  is  not  in  our  power  here  to  notice;  but  the  inge- 
nious experiments  of  the  Abb(5  NoUet  in  some  other 
branches  must  not  be  entirely  passed  over.  He  found 
that  in  open  vessels  electricity  increased  the  eva- 
poration of  fluids,  that  it  did  not  aiFcct  the  power  of 
the  magnet,  neither  did  it  accelerate  or  retard  the 
heating  and  cooling  of  bodies,  and  that  it  greatly 
accelerates  the  a(Bux  of  tluids  through  capillary 
tubes.  Mr.  Maimbray  at  Edinburgh  had  electrified 
two  myrtle-trees  during  the  whole  month  of  October 
1746,  and  concluded  that  vegetation  had  been  ac- 
celerated thereby,  as  the  plants  put  forth  leaves  and 
blossoms  sooner  than  other  specimens  which  had  not 
been  electrified.  These  results  were  confirmed  by  M. 
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ElcaricUy.  Nollet,  also  by  M,  Jallabert,  M.  Boze,  and  the  Abb^ 
Menon.  It  was  also  proved  by  the  latter  gentleman 
that  auimals  lost  wefi^'ht  by  being  electrified  for  five  or 
six  hours  tog'ether;  his  experiments  were  made  npon 
cats,  pigeons,  sparrows,  and  chaffinches.  In  extending 
these  experiments  to  human  subjects  the  Abbti  found 
that  these  also  lost  wcic;htj  and  rather  increased  in 
appetite,  with  a  slight  fecline;  of  fatigue.  He  could 
not  |M;rceive  that  they  became  sensibly  warmer^  or  that 
the  rapidity  of  the  pulse  was  increased* 

Pivati*  Connected  Mith  these  applications  of  electricity,  we 

must  here  mention,  though  but  slightly,  a  number  of 
extraordinary  medical  results,  said  to  have  been  ob- 
taitied  by  its  agency.  Johannes  Francisco  Pivati 
published  at  Venice,  in  1747,  the  first  of  a  series  of 
errors  and  deceptions  (whether  intentional  or  not) 
which  required  much  labour,  and  inimerous  elaborate 
experiments  entirely  to  disprove.  He  enclosed  a 
quantity  of  balsam  of  Peru  in  a  glass  cylinder,  so  that 
before  its  excitation  no  smell  could  be  emitted.  With 
this  cylinder  he  electrified  a  man  having  a  pain  in  his 
side.  The  patient  returned  home»  fell  asleep,  and 
perspired  ^  so  effectually  wc  arc  told  had  the  virtue  of 
the  balsam  been  thus  conveyed  to  the  patient,  that 
his  clothes  and  his  hair  were  impregnated  with  the 
balsamic  eflhivium.  In  another  experiment  a  similar 
effect  was  produced  upon  a  person  in  health,  who  was 
not  made  acquainted  with  Pivati's  intention,  and  in 
whom  the  odoriferous  emanation  became  perceptible 
to  himself  and  others  half  an  hour  after  Winkler, 
of  Leipsic  professed  to  have  i^epeated  similar  experi- 
ments with  success.  Pivati  next  began  to  apply  these 
powers  to  medical  purposes,  he  profiesses  to  have 
cured,  or  rather  discussed  an  abscess  in  the  foot  of  a 
yoting  gentleman  by  electrifying  him  with  a  glass 
cylinder  ftlled  with  certain  drugs.  His  next  patient  was 
Signor  Donadoni,  Bishop  of  Sebenico,  seventy-five  years 
old,  and  greatly  afflicted  with  the  gout.  The  joints  of 
his  fingers  had  become  fixed,  and  be  had  lost  the 
power  of  bending  his  knees.  Pivati  tells  us  that  he 
proceeded  to  the  cure  by  filling  a  glass  tube  ^ith 
discutient  medicines,  and  so  managing  that  the  electric 
virtue  might  enter  into  the  patient.  The  Bishop 
presently  felt  some  unusual  sensation  in  his  fingers, 
and  "  in  two  minutes,  his  lordship  opened  and 
shut  his  hands,  gave  a  hearty  squeeze  to  one  of  his 
Bttendiints,  got  up,  walked,  smote  his  hands  together, 
helped  himself  to  a  chair,  and  sat  down  wondering 
at  his  own  strength  j  and  hardly  knowing  whether  it 
was  not  a  dream.  At  length  he  walked  out  of  the 
chamber  down  stairs  without  any  assistance,  and  with 
all  the  alacrity  of  a  young  man."  ITiis  and  another 
similar  cure  said  to  have  been  performed  upon  an  old 
lady  of  sixty*one,  may  well  account  for  the  sensation 
that  these  experiments  seem  to  have  occasioned, 
Winkler,  as  we  have  before  mentioned,  professed  to 
have  verified  them,  and  the  English  and  French  expe- 
rimentalists immediately  commenced  a  similar  attempt. 
In  this,  however,  they  completely  failed,  and  after 
receiving  from  Winkler  some  tubes  properly  prepared, 
these  nlso  were  submitted  to  a  fair  trial;  and  the  con- 
clusion at  which  they  arrived  was,  that  electricity  had 
no  efifect  in  forcing  odoriferous  effluvia  through  the 
substance  of  glass  vessels.  The  zeal  of  the  Abb^ 
Kollct  even  carried  him  into  Italy,  that  be  might  wit- 
itesB  these  wonderful  performances  for  himself,  but 


he  also  came  back  convinced  that  the  odours  wet^  not  11 
transmitted  through  the  glass,  and  that  the  env:losed  '-^ 
drugs  had  no  medicinal  effect,  although  in  certain 
cases  of  paralysis,  &c.  the  electricity  itself  was  clearly 
beneficiaL  Dr  Bianchini  also  of  Venice  publislied  an 
elaborate  refutation  of  these  fallacious  experiments  ; 
Winkler,  Phil.  Trans,  vol.  xlv.  p.  ^6*2;  Baker,  I(L  p. 
^70  ;  and  ihe  refutation  by  Watson,  M  vok  xlvi.  p, 
,i4S;  Winkler,  Id.  vol.  xlvii,  p.  '231  ;  and  M'atson, 
Id.  p.  ^M. 

At  length  we  arrive  at  the  interesting  and  fertile  Fmi 
period  of  Dr.Franklin*s  discoveries.  Hitherto  electrical 
researches  had  been  confined  to  the  philosophers  of 
the  old  continent,  but  ihe  twilight  of  a  brilliant  day 
now  began  to  dawn  in  America,  "\\'bether  we  con- 
sider the  importance  of  his  researches,  the  patience 
of  his  investigations,  or  the  candid  and  unassuming 
manner  in  which  he  promulgated  them,  we  shall  find 
ourselves  compelled  to  assign  to  Franklin  a  distin- 
guished page  in  the  history  of  electricity.  Even  in 
his  lifetime,  a  j>eriod  when  an  author  is  never  judged 
with  the  gTeatest  candour,  he  excited  the  admiration 
of  the  philosophic  world,  and  hig  writings  were  trans- 
lated into  most  of  the  languages  of  Europe, 

His  first  communication  to  Mr*  Peter  Collinson  of 
the  Koyal  Society  is  dated  March  98,  17'*7»  and  his 
last  ietter  on  electrical  subjects  is  in  1760.  Although 
Watson  had  about  the  same  time  discovered,  and 
published,  the  explanation  of  the  real  action  of  the 
glass  and  rubber,  Franklin's  first  papers  show  that  he 
had  arrived  at  similar  conclusions.  He  says,  **  the 
electrical  fire  is  not  created  by  friction,  but  collected, 
being  really  an  element  diffused  among,  and  attracted 
by  other  matter,  particularly  by  water  and  metals,** 
and  he  proceeds  to  prove  the  truth  of  this  hypothesis 
much  in  the  same  manner  as  Watson  had  done  before 
him.  Franklin's  theory  of  plus  and  minus  electricity 
was  more  fully  explained,  and  in  fact  more  clearly 
conceived  than  that  of  Watson,  One  sentence  selected 
from  his  letter  to  Collinson  will  explain  this  theory 
with  that  brevity  which  suits  our  present  purpose. 
"To  electrise  plus  or  minus,  no  more  needs  to  be 
known  than  this,  that  the  parts  of  the  tube  or  sx>here 
that  are  rubbed,  do  in  the  instant  of  the  friction 
attract  the  electrical  tire,  and  therefore  take  it  from 
the  thing  rubbing  ;  the  same  parts  immediately  as  the 
friction  upon  them  ceases,  are  disposed  to  give  the 
fire  they  have  received  to  any  body  that  has  less,"  It 
is  probably  owing  to  his  clear  and  just  explanations 
that  this  theory  was  considered  entirely  the  discovery 
of  Franklin,  when  in  fact  it  %vas  only  Watson's  more 
completely  developed.  This  justly  celebrated  Ame- 
rican did  not  attempt  to  slight  the  labours  of  his  con- 
teraporary,  but  mentions  them  in  his  own  description^ 
only  correcting  what  he  considered  an  erroneous  ex- 
planation of  an  experiment,  on  the  ]>art  of  Watson- 
The  Leyden  jar,  the  construction  and  discovery  of  i 
which  has  been  already  noticed,  received  an  easy  ex- 
planation upon  this  theory,  by  supposing  that  when 
the  jar  was  charged,  the  inner  coating  had  received 
more  than  its  ordinary  quantity  of  electricity,  and  was 
therefore  electrified  plus,  while  the  outer  coatinghaving 
had  its  ordinary  quantity  of  electricity  diminished,  was  i 
electrified  minus  j  and  the  retraction  of  equilibrium 
between  these  two  reservoirs  was  accompanied  by  the 
5park  and  shocks  or  as  it  is  familiarly  phrased  the  jar 
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.  ift  dkdutrged.  The  converse  explanation  of  the 
^  dtmtgiag  of  the  outfide  coating  is  precisely  similar, 
bni  will  be  cnlered  upon  mure  fully  hereafter.  Friink- 
tki  shows,  clearly,  that  when  the  jar  is  charged,  the 
outride  and  inside  coating g-ive  evidence  of  possessing^ 
Ike Mfioiite electricities,  this  heproved  by  the  alternate 
iltlBCtioit  and  repulsioa  of  a  cork  boll.  He  made 
nttay  experiments  to  show,  that  in  ch^irging  a  coated 
phial  as  iiiuch  electricity  was  lost  from  one  side  as  was 
gutted  by  the  other.  Among  Franklin's  earliest  ex- 
immeats  wc  find  him  exaniining  the  power  of  receiv- 
inr  and  giving  out  electricity  by  bodies  of  different 
fbrms.  He  electrified  an  iron  cannon  ball,  and  found 
tliat  to  deprive  it  of  its  electricity,  he  might  present  a 
pointed  rod  of  wire,  which  would  silently  abstract 
tbeflttul  from  the  ball ;  hut  that  a  rod  terminated  by  a 
ball,  would  not  draw  off  the  fluid  except  by  bringing 
it  very  near  to  the  shot  and  receiving  a  spark.  If  left 
byitsplf,  the  shot  retained  its  electricity  a  considerable 
time  in  the  air,  hut  the  charge  was  soon  dissipated  if  a 
needle  had  been  laid  upon  the  shot.  Thus,  pointed 
bodies  absorb  and  dissipate  electricity  with  great 
mpidily,  while  obtuse  bodies,  large  globes  or  planes, 
do  not  readily  abstract  electricity,  nor  yet  do  they 
Ally  part  with  it  by  mere  contact  of  the  air.  Franklin 
l#uon  enabled  to  apply  these  canons  to  one  of  the 
sublime  discoveries  that  hod  ever  crowned  the 
cibrts  of  human  ingenuity. 

Very  early  writers  had  compared  the  electric 
spark  to  the  flashes  of  lightning,  but  perhaps  the  Abbe 
Nolle t  produced  a  more  distinct  statement  of  this 
Sttspieion  than  any  preceding  writer.  He  declares  that 
helttd  \ong  been  meditating  their  points  of  analog}*, 
md  expresses  a  hope,  that  some  one  might  pursue  the 
mrestJgation.  Nollet,  Le^om  de  Phijsiqite,  voU  iv,  p.  34. 
\inielher  this  had  been  seen  or  not  by  Franklin,  can 
xtot  now  be  clearly  ascertained,  but  this  distinguished 
French  philosopher  attributes  to  Franklin  the  bold 
thought  of  verifying  this  hypothesis,  and  in  the  col- 
lection of  the  letters  and  essays  of  the  American  cxpe- 
rimetitalist,  there  is  one  without  a  date,  but  standing 
beiore  that  of  July  ^8,  17*^t>>  in  which  he  brings 
tag^her  under  one  view,  numerous  points  of  similarity 
between  the  electrical  discharge  and  the  flush  of 
lightning.  Of  these  the  following  are  the  most  impor- 
tant. The  lightning  does  not  move  in  a  right  line, 
neither  does  the  electric  spark,  if  passing  through  any 
considerable  space  from  one  conductor  to  another, 
aad  from  substances  of  irregular  form.  Lightning 
itrikes  the  highest  bodies,  and  most  readily  those  that 
we  pointed.  Electricity  also  is  more  readily  attracted 
and  emitted  by  conductors  of  the  same  form.  Light- 
aing  sets  fire  to  combustible  bodies  ^  so  does  elec- 
tricity.  Lightning  chooses  for  its  mark  and  path  the 
be*i  conductor,  so  also  does  electricity.  Both  lightning 
and  electricity  are  capable  of  fusing  metals,  and  of 
remiing  non-conductors  or  imperfect  conductors  in 
tlicir  passage.  Persons  have  been  struck  blind  by 
hg:hcning,  and  a  pigeon  which  Dr.  Franklin  had  in- 
tended to  kill  by  the  shock,  was  found  to  have  withstood 
the  discharge,  but  had  lost  its  sight.  Both  discharges 
are  capable  of  destroying  animal  life.  Magnets  hsd 
their  polarity  reversed,  and  common  sewing  needles 
were  made  magnetic,  by  suffering  the  electric  discharge 
to  pcisfl  through  them,  and  similnr  chnnges  had  been 
yeaordad  as  the  effects  of  lightning.  Th\i:«  strongly 
with  a  belief  of  the  identity  of  these  two 


phenomena,  the  natural  and  the  artifidaL  Franklin 
anxinusly  waited  the  erection  of  a  spire  in  Philadel-  ' 
phia,  by  which  he  proposed  to  verify  the  conjecture. 
in  the  meanwhile,  however,  impatience  stimulated  his 
ingenuity,  and  produced  a  substitute  for  the  spire. 
This  was  no  other  than  a  kite  made  by  stretching  a 
silk  handkerchief  upon  two  cross  sticks,  and  ufBxing 
a  tail  on  the  common  principle.  This  he  raised  su  the 
approach  of  a  thunder-storm,  and  so  fearful  was  he  of 
the  ridicule  attaching  to  a  failure,  that  his  son  was  the 
only  assistant  in  the  experiment.  At  first  no  electrical 
appearances  presented  themselves,  but  at  length  some 
loose  fibres  of  the  hempen  string  by  wh;ch  the  kite 
was  elevated,  began  to  stand  out,  manifesting  elec- 
trical repulsion.  The  hempen  string  was  tied  to  a 
silken  cord,  by  which  it  was  hold,  and  a  key  tied  on 
where  the  hempen  cord  terminated,  served  to  dis- 
tribute the  electricity  to  jars  or  conductors  according 
as  the  experiments  might  require.  At  first  but  feeble 
electrical  effects  were  perceived,  but  when  the  string 
had  become  wet  by  a  shower  of  rain,  an  abm^dant 
stream  of  electricity  was  produced.  Afterwards  the 
Dr.  contrived  a  pointed  iron  conducting-rrjd  andaflixed 
it  to  his  house,  with  a  bell  to  give  him  notice  when 
any  atmospheric  electricity  was  collected  by  his  rod. 
Thus  was  this  most  brilliant  discovery  achie\ed,  but 
as  the  Dr.  had  published  his  method  and  intentions, 
the  same  exfjeriment  had  been  successfully  performed 
in  France  about  a  month  before.  It  remained  only 
that  the  application  of  the  discovery  to  a  purpose  of 
practical  utility  should  crown  the  work,  and  this  did 
not  escape  the  penetration  of  Franklin  ;  he  proposed 
the  conductor  such  as  is  now  in  use,  viz.  a  pointed  rod 
of  met:d  extending  above  the  top  of  a  building,  and 
terminating  in  the  earth,  or  in  water,  whereby  a  chiud 
highly  charged  with  electricity,  might  be  discharged 
in  safety  through  the  perfect  conductor  to  the  earth. 
Of  this  wc  shall  have  to  speak  more  particularly 
hereafter. 

The  remnining  cxptTimcnts  of  Franklin  arc  chiefly 
of  a  miscellaneous  nature,  and  are  intermixed  with 
those  of  his  friend  Mr.  Kinnersley  at  Boston  in  New 
England,  It  was  the  general  opinion  at  this  period, 
that  an  excited  electric,  was  in  fuct  surrounded  by  an 
atmosphere  of  electric  fluid  j  but  although  the  term 
fluid  was,  and  still  is  made  use  of  for  the  sake  of  con- 
venience in  description,  it  became  a  question  with 
Franklin,  how  far  the  presence  of  this  electrical  atmos- 
phere interfered  with  the  ordinary  atmosphere,  usually 
considered  to  be  in  contact  with  all  natural  bodies* 
He  satisfied  himself,  that  the  electrical  atmosphere  did 
not  reiiuire  the  displacement  of  the  other,  by  the  fol- 
lowing experiment.  A  thick  wire  passed  through  a 
cork  into  an  air-tight  phial ;  in  the  same  cork  there 
Mas  also  inserted  a  glass  tube  open  at  both  ends, 
having  in  it  a  drop  of  red  ink,  by  the  motion  of  which 
any  expansion  or  contraction  of  the  air  in  the  bottle 
was  readily  made  apparent.  On  communicating  a 
charge  of  electricity  to  tlie  wire,  or  on  again  removing 
the  same,  no  alteration  was  perceived  in  the  positioa 
of  the  drop  of  ink  ^  and  therefore  no  air  had  been  dis- 
placed from  its  natural  position  round  the  brass  wire 
within  the  bottle.  Mr.  Kinnersley  is  said  about  the 
same  time  to  have  noticed  the  two  contrary  electri- 
cities of  glass  and  sulphur,  a  fact  which  Du  Fay  had 
before  remarked,  and  the  state  of  electricid  science  at 
the  time  enabled  him  to  identify  them  with  the 
n   % 


52 


E  L  E  C  T  R  I  C  I  T  y. 


Electricity,  ordinary  positive  and  negnlivc  electricity  of  Watson 

v^-— y— ^^  antl  Franklin. 

Canttm*s         Alihoui^h  it  may  slightly  interfere  with  the  chro- 

expen-        nolnL'ical  order  of  some  contemnoniry  expertmentalists . 

1751  to       *    ^^'  convenient  next  to  bring  together  some  of 

X762.  the  most  important  of  Mr,  Clinton's  diseoveries.     Of 

these,  that  whic!i  perhaps  tended  most  to  the  re.il  ad- 
vancement of  electrical  sciencCj  was  the  overturning 
an  opinion  which  the  electricians  of  that  period  had 
hitherto  never  doubted  ;  viz.  that  by  any  pven  elec- 
tric, the  same  species  of  electricity  was  invariably 
developed  J  thus,  that  glass  always  became  excited 
by  positive,  and  sealing-wax  by  negative  electricity. 
Canton,  however,  showed  that  if  a  glass  tube  be  made 
rough,  by  grinding  its  surface  w  ith  sheet  lead  and 
emery,  the  friction  of  a  woollen  cloth  upon  it  producct! 
negative  or  resinous  electricity*  He  subsequently 
found  that  even  the  smoothest  glass  woidd  receive  the 
same  electricity  by  drawing  it  over  the  back  of  a  cat. 
Some  curious  subsequent  extensions  of  tliis  discovery 
will  be  noticed  in  their  proper  place*  Mr.  Canton  next 
proved^  by  the  construction  of  a  most  ingenious  appa- 
ratus, that  it  was  possible  to  electrify  a  body  of  air  in  a 
state  of  rest  J  that  thus,  if  dry,  a  part  or  the  whole  of  the 
air  in  a  room  might  be  charged  w  ith  either  plus  or  mi- 
nus electricity,  and  so  remain  for  a  considerable  time. 
Some  experiments  which  Canton  had  made  upon  the 
electricity,  devclopcrl  by  removing  glass  and  other 
bodies  from  mercury,  into  which  they  had  been 
plunged,  connected  with  the  early  observations  of  the 
electrical  light  exhibited  by  agitating  the  mercury  of 
a  barometer,  led  him  to  the  discovery  of  an  amalgam, 
formed  of  tin  and  mercury,  as  a  powerful  agent  for  the 
excitation  of  electricity  when  applied  to  the  cnshion 
of  an  electrical  machine.  The  last,  and  by  no  means 
the  least,  among  the  researches  of  this  very  able  philo- 
sopher which  our  plan  permits  us  to  notice,  waa  the 
discovery,  on  w^hich  Guericke  had  in  fact  touched, 
that  if  any  insulated  body  be  plunged  within  the  sphere 
of  [nfluence,  oTj,  as  he  phrased  it,  within  the  atmos- 
phere of  un  excited  electric,  the  former  body  became 
itself  electrified,  and  with  the  electricity  opposite  to 
that  of  the  excited  body.  In  some  cases,  the  elec- 
tricity remained  when  the  bodies  were  again  separated^ 
in  others  it  did  not  so.  and  the  investigation  of  these 
distinct  and  curious  phenomena  was  undertaken  by 
contemporary  electricians,  w  ell  worthy  of  the  interest- 
ing task.  Canton  in  England,  Franklin  in  America, 
and  >Epinus  and  Wilcke  in  Berlin. 

Richmaa.  Franklin*s  experiments  upon  the  electricity  of  the 
atmosphere  and  clouds  had  now  been  repeated  and 
extended  by  the  philosophers  of  every  nation.  There 
was  in  them  a  degree  of  sublime  magnificence,  which 
ever  lured  the  bold  to  an  attempt  at  ruling  the  thunder 
I  and  the  lightning  of  the  skyj  and  scanty  as  must  be 
our  notice  of  many  an  acute  and  laborious  electrician, 
the  fate  of  Rich  man,  who  fell  a  martyr  to  the  science, 
pleads  strongly  for  one  word  of  remembrance  and 
commiseration.  Professor  Richman,  of  St.  Peters- 
burgh,  \vn&  engaged  in  a  series  of  experiments 
upon  atmospheric  electricity,  and  for  this  purpose  he 
had  constructed,  with  an  iron  rod  afiixed  to  the  top 
of  his  house,  and  a  chain  descending  to  his  study,  a 
conductor  for  the  reception  of  the  electric  lluid.  On 
the  tJth  of  August,  1753,  during  his  attendance  at  a 
meeting  of  the  Academy  of  Sciences,  the  approach  of 
a  thunder-storm  induced  him  to  return  home  for  the 


prosecution  of  his  observations.  A  draughtsman 
accompanied  him,  and  it  does  not  appear  that  any 
sufficient  precautions  had  been  taken  to  guard  against 
over -powerful  charges  of  electricity,  which  the  con- 
ducting rod  might  intercept.  There  was  attached  to 
the  apparatus  a  sort  of  electrometer,  formed  by  a 
linen  thread  which  traversed  the  face  of  a  divided 
quadrant,  and  in  some  degree  served  to  mark  the 
degree  of  the  electrical  charge  accumulated  by  the 
conductor.  The  thread  was  standing  at  four  degrees, 
and  as  Richman  w^as  explaining  to  his  companion  the 
degree  to  which  he  conceived  it  might  rise  before 
any  danger  could  ensue,  a  tremendous  clap  of  thunder 
was  heard,  and  the  unfortunate  Professor,  stooping  to 
examine  the  elcctroineter,  received  a  discharge  from 
the  rod,  which  instantly  destroyed  him.  Sokolow, 
the  engraver,  stated  that  the  spark  consisted  of  a  ball 
of  lire  as  large  as  his  fist  j  it  had  to  pass  a  space  of 
about  a  foot,  and  struck  the  Professor  upon  the  fore- 
heatl.  The  engraver  was  at  first  too  much  stupifyed 
and  benumbed  to  escape,  antt  slightly  injured  by 
the  fragments  of  melted  wire  which  were  dispersed 
about  the  room.  A  clock  was  stopped  in  the  adjoin- 
ing room,  the  door-posts  were  torn  down,  and  the 
ashes  scattered  about  the  fire-place.  On  examination 
of  the  body,  very  slight  appearancea  of  injury  were 
perceptible  J  a  small  livid  spot  upon  the  forehead, 
and  another  on  the  left  foot,  the  shoe  of  which  w^as 
burnt  open,  marked  the  passage  of  the  discharge,  of 
which  the  unfortunate  philosopher  had  been  the 
conductor. 

In  1753,  Eeccaria  published,  at  Turin,  a  treatise 
Iklt  Eleltnsmo  Ariificiak  €  Naturak,  In  many  par- 
ticulars his  experiments  were  similar  to  those  of 
Mr.  Canton  j  he  also  noticed  the  communication  of 
permanent  electricity  to  the  air  in  contact  with  elec- 
trified bodies.  He  showed  that  the  electric  fiuid  was 
not  instantaneous  in  its  passiige  through  even  the  best 
conductors,  the  metals.  He  arranged  a  wire  50O  feet 
in  length,  and  observed  that  when  electricity  was 
communicated  to  one  end  of  it,  the  other  end  did  not 
give  signs  of  electrical  excitation  till  after  one  vibra- 
tion of  a  half-second's  pendulum-  In  the  case  of  a 
similar  circnit  of  hempen  cord,  five  or  six  vibrations 
elapsed^  but  the  time  w^s  diminished  to  three  or  four 
vibrations  by  moistening  the  cord.  His  experiments 
on  the  passage  of  the  electric  shock  through  fluids 
are  highly  interesting,  although  perhaps  they  may  in 
some  cases  admit  of  explanations  widely  differing  from, 
those  he  assigned  to  them.  He  considere(i  that  air 
and  the  electric  fluid  were  mutually  repulsive,  and 
that  therefore  when  an  electric  spark  passed  from  one 
conductor  to  another,  the  air  was  entirely  displaced^ 
He  proved  that  water  is  a  very  imperfect  conductor,, 
and  showed  that  in  transmitting  a  shock  through  it, 
the  volume  of  the  water  was  a  material  consideration. 
Small  tubes  filled  with  water  would  scarcely  transmit 
a  shock,  which  larger  ones  sufiFered  to  pass  with 
facility.  There  is  in  this  matter  a  singular  resem- 
blance to  the  recent  discoveries  eonnecte*  with  common 
magnetism,  and  that  develojicd  by  gatvanic  agency. 
In  the  transmission  of  an  electric  sljock  through  an 
imperfect  conductor,  in  the  passage  of  magnetism 
through  a  metal  bar  between  the  poles  of  a  common 
magnet,  and  in  the  transmission  of  electro-magnetism 
through  wires,  it  appears  certain  that  the  larger  the 
conductor  is  made,  the  more  complete  will  be  the 
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trtmsmisssoii  of  the   fluid.     Be cc aria    exhibited   the 

electric  spark,  even  in  its  passage  through  wiiter,  by 

bringing  the  extremities  of  two  wires  very  near  to 

each  other  in  a  small  f»;hiss  tube  filled  with  that  fluid. 

_At  ihc  instant  of  the  tUschnrgc,  these  tubes  burst  in 

pieces  with  great  violence,  though  frequently  made  of 

[glass  more  than  half  an  inch  in  thickness.     To  this 

liuthor  we  are  al!5o  indebted  for  a  valuable  series  of 

I  experiments  on  atmospherical  electricity.  Sir  Torbern 

I  Bergman,  of  Upsala,  also  verified  Beccaria\s  expcri- 

Tnent5  upon  the  imperfect  condu%:ting  power  of  water, 

showing  also  that  ice  is  a  still  worse  conductor  than 

water* 

Between  the  years  cited  in  the  margin^  Mr.  Delaval 
communicated  to  the  Royal  Society  several  curious 
experiments^  these  w^ere  principally  directed  towards 
ascertaining  the  conducting  powers  of  the  same  body  in 
different  states.  Thus  he  showed  that  altliough  the 
metals  were  the  best  know^n  conductors,  tlieir  oxides 
,  «re  non -conductors »  Several  of  the  researches  of 
gentleman  have  a  singular  analogy  with  some 
ithers  of  the  present  day,  whereby  it  is  proved  that 
be  same  subtancc,  undergoing  a  change  of  tempera- 
ture, is  at  some  given  points  of  its  heat  a  conductor, 
and  at  others  a  non-conductor. 

At  this  period  IVL  J^pinus  announced  to  the  Berlin 
Academy  the  electricity  of  the  tourmalin,  produced 
simply  by  heating  the  gem,  and  he  noticed  the 
developeraent  of  the  opposite  electricities  on  opposite 
points  of  the  stone.  Mr.  Wilson,  the  Duke  de  Noya^ 
and  Bergman,  occupied  tliemsclves  with  further 
researches  on  this  curious  property*  Symmer,  PhiL 
Trans.  1759  j  and  Ctgnaj  Mem,  AccmL  Tur.  IJC^. 

The  labours  of  Mr.  Robert  Symmer  in  this  country, 
and  those  of  Johannes  Franciscus  Cigna,  though  not 
precisely  contemporaneous,  may  come  under  our  notice 
at  the  same  time,  as  the  remarks  of  the  latter  are  in 
feet  but  a  continuation  of  those  of  the  former  experi- 
mentalist.    Syramer,  after  describing  the  electricity 
produced  by  separating  two  stockings,  the  one  of  silk, 
the  other  of  worsted,  which  have  been   worn  a  few 
minutes  on  the  same  leg,  proceeds  to  vary  the  expcri- 
meot.     He  obtained  sparks,  and  charged  jars,  from 
stockings    thus    excited.      Drawing    the     stockings 
through  his  hand  proved  an  equally  efficacious  and  a 
more  convenient  mode  of  excitation  ;  and  he  found 
that  a  black  stocking  gave  abundant  signs  of  electri- 
city, while  a  white  one  could  scarcely  be  made  to 
affect  a  delicate  electrometer,     .Subsequently,  he  made 
ii4e  of  two  stockings  both  of  silk,  the  one  black,  the 
other  white,  remarking  that  after  the  two  had  been 
passed  through  his  hand   very   little  electricity  w;u5 
manifested  so  long  as  the  stockings  were  in  contact, 
but  on  their  separation  very  marked  electrical  effects 
were   produced ;  the  black  stocking  became  highly 
negative,  and  the  white  one  positive*  Reasoning  from 
this  and  several  similar  experiments,  he  was  led  to 
entertain  certain  theoretical  views,  which  differed  con- 
siderably from  those  of  preceding   electricians  j  he 
trrived.  in  short,  at  that  theory  which  is  now  erobmced 
by  much  the  greater  number  of  continental  philoso- 
phers.    As  we  shall  have  occasion  to  advert  to  this 
matter  hereafter,  it  may  be  sufficient  here  to  state, 
that  Du  Fay   had   considered   the   two   electricities 
which  he  discovered,  as  not  only  totally  different  in 
themselves,    but    also    totally   independent   of    each 
other^  and  as  it  were  distinct  properties  of  natural 


bodies.  Watson  and  Franklin  had  viewed  them  as 
different  states  of  the  same  body,  with  reference  to  a ' 
given  quantity  of  fluid  always  the  same,  and  inherent 
in  all  non-conducting  substances,  in  one  case  indicat- 
ing excess,  and  in  the  other  defect,  from  the  natural 
standard  quantity  contained  bv  the  body.  Mr»Syuimer 
contended  for  the  existence  of  two  electric  fluids , 
but,  unlike  Du  Fay,  he  urged  that  they  were  always 
coexistent*  w*ere  not  independent  of  each  other,  and 
were  simultaneously  deiclopcd  in  every  case  of  elec- 
trical excitation.  The  form  of  the  bur  which  w^as 
raised  by  the  passage  of  an  electrical  discharge  throngh 
several  sheets  of  paper,  and  in  certain  cases  hiiving  tin- 
foil interposed,  was  pressed  into  the  service  of  Sym- 
niers  reasoning,  but  is  not  now  viewed  as  throwing 
much  light  upon  the  subject.  Cigna,  who  repeated 
Symmer's  experiments,  and  varied  them,  making  use  of 
ribands  instead  of  the  stockings,  attempted  an  ex- 
planation of  these  phenomena  upon  Franklin's  hypo- 
thesis, but  expresses  himself  as  being  by  no  means 
satisfied  of  the  superiority  of  one  theory  over  the  other, 
We  feel  the  more  disposed  to  make  specific  mention 
of  the  theoretical  views  of  Symmer,  because  they  are 
the  foundation  of  the  theory  of  electricity  which  has 
at  present  the  greater  number  of  admirers ;  and  be- 
cause the  French  writers  on  this  subject  are  inclined 
to  forget  the  circumstance,  and  to  attribute  all  the 
merit  of  thi,s  hypothesis  to  Du  Fay.  The  Germans,  how- 
ever, who  may  be  considered  impartial  judges,  distinctly 
attribute  the  present  prevailing  theory  of  two  fluids  to 
Symmer.  (Fischer,  Physique^]}.  2'13.)  We  should  be 
most  unwilling  to  appear  to  oJlcr  the  slightest  injury 
to  M.  du  Fay,  to  wlioni  electricity  is  unquestionably 
imder  great  obligations,  and  whose  writings  evince  a 
most  honourable  degree  of  regard  to  equity  and  can- 
dour; but  that  we  may  further  strengthen  the  position 
we  have  taken  up,  we  will  quote  M,  du  Fays  own  pas-' 
9.^ge  on  the  subject  of  two  electricities,  and  then  give 
an  extract  from  thehistory  of  Dr.  Friestley,  who  was  a. 
contemporary  of  Mr.  Symmer,  and  having  been  hos- 
tile to  his  theory,  may  therefore  fairly  be  considered 
good  evidence  upon  this  subject. 

"  Chance  has  thrown  in  my  way  another  principle, 
more  universal  and  remarkable  than  the  preceding 
one,  and  which  casts  a  new  light  upon  the  subject  o£ 
electricity*  This  principle  is,  that  there  are  two  dis- 
tinct electricities,  very  different  from  one  another  j 
one  of  which  1  call  vitreom  electrkiti/,  and  the  othec 
resifioiss  eiedridltj.  The  (irst  is  that  of  glass,  &tc» 
the  second  is  that  of  amber,  copal,  &c.  The  charac- 
teristic of  these  two  electricities  is,  that  a  bodyoftha 
vitreous  electricity,  for  example,  repels  all  such  as 
are  of  the  same  electricity  ;  and,  on  the  contrary^ 
attracts  all  those  of  the  resinous  electricity.'*  Du  Fay, 
PhiL  Trans,  vol,  xxxviii.  p.  '264. 

'*  It  had  hitherto  been  universally  supposed  that  all 
the  phenomena  of  electricity  were  produced  by  the 
action  of  one  electric  fluid.  Even  M.  du  Fay^  at  the 
time  that  he  imagined  that  he  had  discovered  another 
electric  fluid,  distinct  from  that  of  glass,  and  peculiar 
to  resin,  &c.  thought  how^ever  that  it  was  quite  inde^ 
pendent  of  the  other,  and  that  their  operations  were 
never  combined.  Dr.  Watson  and  Dr.  Franklin  thought 
it  was  very  evident  that  tlie  difference  between  the 
two  electricities,  consisted  in  the  one  being  a  reduti* 
dancy  and  the  other  a  deficiency  of  the  same  matter. 
And  all  the  experiments  that  had  been  made  concerning 
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nitctriciKf.  the  two  electricities  seemed  to  confirm  tliis  hypo- 
thesi^^  At  length,  however.  Mr,  Symmer  produces  a 
^reat  number  of  curions  experiments  relating  to  the 
5ubject,  and  infers  from  them  the  probable  existence 
ef  two  electric  fluids*,  not  indepemknt,  but  always 
coexistent^  and  counteracting' one  another."  Priestley's 
History  of  ElectTicity,  p.  '267. 

Mr,  Wikke*s  Dlsputalio  Physica  cTperimen talis  de 
Ehctricitatibus,  published  at  Rostock,  in  I757t  added 
to  the  stock  of  electrical  knowledge  an  entirely  new 
branch  of  investigation  ;  in  fact,  pointed  out  a  new 
source  of  electrical  excitation.  This  he  produced  by 
melting  the  resinous  and  other  non-conducting  bodies, 
and  suffering  tbem  to  cool  spontaneously.  If  sulphur 
were  melted  in  an  earthen  vessel,  and  suffered  to  cool, 
standing  u|X)n  a  conducting  body,  the  sulphur  after 
cooling  exhibited  strong  electricity  j  but  if  the  ves- 
sel had  been  placed  upon  glass,  or  any  n  on -con- 
ductor, no  effect  was  produced.  Melted  sulphur 
poured  into  a  glass  vessel  becomes  highly  electrical  in 
cooling,  whether  the  glass  stands  upon  conductors  or 
not,  the  glass  itself  also  exhibiting  the  opposite 
electricity.  These  facts  also  we  shall  more  fully 
enter  upon  hereafter,  Wilcke  also  appears  to  have 
discovered  that,  under  a  variation  of  circumstances, 
the  same  substance  might  be  made  to  exhibit  either  of 
the  elect ri cities  j  and  he  gives  a  table  of  bodies, 
arranged  in  order,  so  as  to  show  by  the  friction  of  any 
two  together,  %vhich  will  exhibit  the  positive  and 
the  negative  electricity.  It  is  clear  that  he  wasunac- 
qaainled  with  Canton's  researches  on  the  same  point, 
for  he  states  that  glass  is  positive  with  whatever 
substance  it  be  rubbed. 

From  the  researches  of  Mr.  Wilcke,  we  proceed  to 
those  of  -ISpinus,  vv  honi  we  have  already  iucidentally 
mentioned  ;  a  name  justly  celebrated  in  the  annals  of 
electrical  science.  He  first  repeated  the  experiments 
of  Mr  Wilcke  on  spontaneous  electricity,  and  subse- 
quently  meeting  with  that  philosopher  at  Berlin, 
they  pursued  their  discoi^eries  in  concert.  Of  these  the 
most  interesting,  both  in  progress  and  result,  relate  to 
the  electricity  induced  or  developed  in  bodies  by 
bringing  them  within  what  has  been  called  the  elec- 
uical  atmosphere  of  other  excited  electrics.  One  of 
their  most  curious  attempts  was  to  electrify  two 
surfaces  of  a  plate  of  air,  so  as  to  obtain  a  shock  from 
the  discharge  of  these  surfaces,  exactly  on  the  principle 
of  the  Leyden  jar.  In  this  they  perfectly  succeeded, 
and  thence  made  the  obvious  inference,  that  a  cloud 
and  the  earth  might  simtlaHy  form  the  conducting 
substances  for  electrifying  a  plate  of  air  contained 
between  them,  the  discharge  of  which  would  proiluce 
the  clap  of  thunder,  and  the  flash  of  onlinary  light- 
ning. The  name  of  iEpinus  is  however  rendered 
much  more  famous  by  his  ingenious  and  profound 
mathematical  speculations,  by  which  he  was  etiabled 
to  demonstrate  and  explain  every  known  electrical 
phenomenon.  Of  the  first  causes  in  these  wonders  he 
was  ignorant,  and  we  are  scarcely  more  wise ;  byt 
the  laws  to  which  he  reduced  all  cases  of  electrical 
excitation,  afforded  a  beautiful  specimen  of  pliiloso- 
phical  generalization,  founded  upon  Franklin's  theory  of 
plus  and  minus  electricity.  The  title  of  this  curiouis 
treatise  is  Tmtamen  theoria  EleclHcitatis  ei  Ma^ettsnii ; 
it  was  first  published  at  St,  Petersburg,  in  175^. 

In  1767,  Dr.  Priestley  published  his  Jlistotj  of  the 
f resent  state  of  Ekctficit^,  with  original  experimeota; 
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a  work  accurately  describing  the  progress  of  the 
science  up  to  that  period.  His  experiments,  though 
numerous  J  did  not  bring  forward  any  very  important 
discoveryj  but  are  far  from  being  miinterestlug.  lie 
ascertained  that  charcoal  was  an  cxecllent  conductor, 
and  that  electrical  discharges  take  place  more  readily 
and  more  completely  through  a  short  conductor  than 
through  a  long  one  of  the  same  diameter  and  the  same 
substance.  Two  years  afterwards,  Priestley  published 
his  Introdiiciion  to  Ekctriciiij,  and  in  the  following 
year  Additions  to  the  History  of  EUctncity,  The  most 
interesting  of  his  researches  arc  detailed  also  in  the 
Phil.  Trans,  of  this  time. 

Passing  over  another  Introduction  to  Electricity, 
by  Mr.  James  Ferguson,  which  contained  little  of 
novelty,  we  arrive  at  the  researches  of  that  acute  philo- 
sopher the  Hon.  Henry  Cavendish.  His  first  and  most 
elaborate  electrical  paper  is  published  iu  vol.  Ixi.  of 
the  Phil,  Trans,  It  ap|>ears  that  he  had  formed  the 
design  of  attempting  to  reduce  all  the  phenomena  of 
electrical  attraction  and  rc|mlsion  to  rigid  mathe- 
matical investigation,  and  that  he  had  completed  his 
task  before  he  was  made  acquainted  with  the  labours 
of  ^^pinus  on  the  same  subject.  On  examining  the 
Teniamen,  of  this  latter  electrician,  he  found  that 
he  had  been  anticipated ;  but  as  Mr,  Cavendish*s 
memoir  was  actually  juepared  to  be  submitted  to  the 
Hoyal  Society,  and  as  be  considered  that  as  his  theo- 
retical views  differed  somewhat  from  ^iipinus,  and  his 
calculations  were  more  rigid,  he  determined  not  to 
suppress  the  paper  he  had  thus  prepared  for  publica- 
tion. In  these  calculations  he,  like  ^pinus,  pro- 
ceeds upon  the  hypothesis  of  one  electrical  fluid. 
Previous  to  this  tinie  several  curitms  observations  had 
been  published  by  M'alsli,  Hunter,  and  others,  on  the 
benumbing  power  of  the  t4:>rpedO|  which  had  beea 
justly  consirlered  to  be  due  to  electricity^  and  in  1*7^, 
Mr.  Cavendish  described  in  the  Phd,  Trans,  an  arti- 
ficial torpedo,  which  he  had  made,  and  with  which  he 
was  able  to  exhibit  the  ordinary  properties  of  this 
singular  fish.  Some  of  the  earliest  electro -chemical 
experiments  were  also  made  by  this  admirable  philo- 
sopher. He  repeated  the  experiments  of  Warltire, 
forming  water  by  the  explosion  of  hydrogen  with 
common  air,  and  with  oxygen  :  pursuing  this  subject, 
he  obtained  nitric  acid  by  using  electricity  for  deter- 
mining the  combination  of  oxygen  and  nitrogen. 

If  there  be  any  one  philosopher  to  wliom  electrical 
science  is  more  indebted  than  to  all  others,  it  u 
M.  Coulomb,  to  whose  elaborate  researches  we  shall 
hereafter  have  occasion  again  frequently  to  revert. 
The  first  step  towards  obttdning  any  true  knowledge 
of  the  laws  of  electrical  attraction  and  repulsion,  was 
evidently  to  search  for  an  accurate  measure  of  minute 
forces  estimated  by  their  effects.  This  Coulomb 
obtained  in  what  he  called  his  Torsion  balance.  He 
found  that  if  fine  wires,  of  sufficient  length  to  undergo 
no  real  disturbance  of  particles  were  twisted,  the 
force  with  which  they  tended  to  untwist  themselves, 
or  to  return  to  their  first  quiescent  position,  was 
exactly  as  the  angle  through  which  they  had  been 
twisted.  In  other  words,  that  the  force  of  torsion 
varies  as  the  angle  of  torsion.  Being  able  then  to 
measure  this  angle  with  any  required  degree  of  accu- 
racy, an  exact  comparative  measure  is  obtained  of  any 
forces  which  can  be  made  to  operate  in  producing  a 
torsion  of  the  wire  j  and  it  is  evident  that  electricaJ 


CavM 
1770^ 


Cooll 


J 


ELECTRICITY. 


let*' 


Utraction  is  of  this  nature.  Coulomb,  however,  made 

many  successful  applications  of  this  instrument  and  prin* 
ciplc  to  other  branches  of  physical  science.  In  electri- 
city, he  showed  that  the  attractive  or  repulsive  force 
Tarics  as  the  invenie  square  of  the  distance.  He  ascer- 
tained the  rate  ofdisi^ipat ion  of  electricity,  under  various 
cireuiostances  of  atmospheric  pressure  and  moisture, 
Tlic  dissipation  also  from  imperfect  hisulators,  and 
the  mode3  of  distribution  of  the  fluid  adhering  to 
them.  The  mode  or  form  of  arrangement  of  stnifa  of 
Jree  electricity,  arranged  at  the  surfaces  of  bodies^ 
d  acted  upon  by  the  electricity  of  other  bodies 
placed  near  to,  or  in  contact  with  the  former ;  with 
uuioy  other  interesting  problems  of  a  similar  nature, 
to  be  considexed  hereafter. 

Coosidering^,  aa  we  do,  electricity  and  galvanism 
only  nQOdificatioos  of  the  same  natural  phenomenon, 
we  cannot  pass  over  the  electrical  researches  of  VoUa 
^anoticed,  much  05  they  are  surpassed  by  the  bril- 
liaacy  of  his  discoveries  in  that  distinct  branch,  which 
Crom  him  has  been  called  voltaic  electricity*  In  177^' 
be  discovered,  or  at  least  made  known,  the  properties 
of  the  electrophorus  ;  a  sort  of  perpetual  reservoir  of 
electricity,  and  applied  the  principle  of  it  to  the  con- 
struction of  a  condenser^  an  instrument  for  rentlering 
visible  very  small  portions  of  electricity. 

The  order  of  time  demands  that  we  should  next 
record  the  discoveries  of  MM.  Lavoisier  and  La 
JE^aoe»  on  the  electricity  developed  by  the  evaporation 
of  fluids,  and  the  solution  of  solids  in  acid  menstrua. 
There  is  little  doubt,  and  indeed  some  recent  researches 
of  M.Beccjuerell,  in  Paris,  seem  to  prove  that  in  all 
Cftsef  of  chemical  solution  electricity  is  evolved. 
These  experiments  were  made  public  in  1781^  Volta 
published  researches  on  the  s;une  subject  in  1783,  and 
M,  de  Saussurc  in  178^* 

As  the  highly  important  results  which  many  recent 
ctriciiins  have  obtained,  will  form  a  considerable  part 
our  statement  of  the  present  knowledge  on  this  sub- 
ject, we  have  need  only  to  mention,  with  respect,  the 
naiEbes  of  Cavallo^  Nicholson,  VanMarum,Ciithbertson, 
Henley,  Read,  Morgan,  and  Brooke,  The  Abb^ 
Haiiy,  so  well  knowui  by  his  laborious  investigation 
of  crystallographic  mineralogy,  made  considerable 
additions  to  our  knowledge  of  the  electrical  proper- 
ties of  minerals.  Coulomb  had  considered  the  dis- 
tribution of  electricity  upon  spherical  bodies^  and 
M.  Ic  Comte  la  Place  has  subset|uenlly  investigated 


the  same  problem,  with  reference   to   ellipsoids  of  History. 
revolution.     M*  Biot  also  published  the  formula  for  ^^-p-^--^ 
spheroids  differing  but  little  from    the  figure    of  a  Biol, 
sphere.     In  addition  to  the  labours  of  these  celebrated 
mathematicians,  M.  Pols  son  has  recently  applied  him-  Foissoo. 
self  to  researches  of  a  similar  nature.  He  investigated 
this  distribution  of  the  body  of  fluid  around  spheres  in 
contact,  and  also  at  a  distance  from  each  other.     The 
solution  of  the  problems,  which  these  and  analogous 
cases  have  produced,  forms  some  of  the  most  intricate 
and  elaborate  investigations  which  physical  science 
has  ever  presented  to  the  mathematician. 

In  this  outline  of  the  history  of  electricity,  Ave  have 
purposely  omitted  all  mention  of  that  extraordinary 
discovery  of  Galvanij  which  contained  the  germ  of  a 
vast  and  fertile  branch  of  electrical  science.  From 
the  year  1790,  in  which  Galvani  first  noticed  the 
muscular  contractions  of  animals  by  the  contact  of 
metals,  and  Volta,  by  his  acute  investigations,  created 
as  it  were  a  new  science,  only  about  thirty  years  have 
elapsed  ■,  but  in  this  time  such  a  body  of  facts  has 
been  accumulated,  and  such  a  chain  of  important  con- 
sequences has  been  deduced  from  them,  as  to  claim  a 
special  place  in  our  system  of  physical  science*  At 
present,  although  it  certainly  is  the  prevailing  opinion 
that  electricity  and  galvanism  are  but  modifications  of 
the  same  agent  :  yet  both  the  facts  made  known  by 
experiment,  and  the  theories  deduced  from  them  have 
so  few  points  in  commoUj  that  it  is  expedient  to  treat 
electricity  and  galvanism  almost  as  two  distinct  sub- 
jects. Connecting  links  appear  to  exist  between  every 
branch  of  physical  science  j  and  as  electricity  and 
galvanism  are  now  clearly  proved  to  exert  an  over- 
ruling power  in  magnetic  phenomena^  and  it  is  exceed- 
ingly probable  that  the  secret  agency  of  the  former 
may  be  traced  in  every  operation  of  the  latter,  it 
would  be  rash  to  mlvance  any  absolute  classification 
of  these  sciences  as  the  fixed  order  of  nature.  All  that 
we  presume  to  act  upon  is  this,  that  certain  phe- 
nomena, which  have  long  borne  the  name  of  ekcirical^ 
will  be  treated  of  under  the  same  grand  division  ;  that 
another  such  division  will  be  occupied  by  a  class  of  phe- 
nomena analogous  to  electricity,  but  to  which  usage 
has  appropriated  thenamcof  Ga/ra/imH.  And  the  effects 
of  both  these  nominal  agents  upon  another  series  of 
classified  phenomena,  designated  Mupjettsniy  being 
known  and  measured  as  pure  magnetic  effects  have 
been  considered  under  the  Treatise  bearing  that  title. 
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PART  I. 


PRACTICAL    ELECTRICITY 


INTRODUCTION. 


Electricity.  Whatever  may  be  the  theoretical  suppositions 
adopted  concerning  the  primary  cause  of  electrical 
excitation^  whether  we  consider  it  a  distinct  fluid 
resident  in  bodies,  and  possessed  of  certain  properties, 
or  only  as  a  peculiar  affection  of  the  molecules  of 
matter^  we  shall  here  treat  solely  of  its  effects.  We 
shall  consider  it  purely  a  science  of  experiment,  and 
the  first  part  of  our  article  will  consist  of  a  classifica- 
tion of  facts,  either  accidentally  noticed,  or  studiously 
ileveloped  by  the  ingenious  researches  of  philosophers ; 
while  in  the  second  part  we  propose  to  give  such  an 
outline,  as  the  nature  and  limits  of  our  undertaking 
may  permit,  of  those  physico-mathcmatical  laws,  from 
which  the  effects  of  electrical  action  seem  to  receive 
the  most  complete  and  satisfactory  elucidation.  This 
exclusion  of  all  theoretical  speculation  upon  the  origin 
of  eleotripity,  must  not  be  understood  to  extend  to 
those  hypotheses  which  have  been  framed  for  the  pur- 
pose of  binding  together  the  scattered  links  of  our 
chain  of  facts.  Hypotheses  like  those  of  Du  Fay, 
Symmer,  or  Franklin,  may  sometimes  bear  the  name 
of  theories  also,  but  they  are  theories  of  a  different 
order  from  those  which  would  attempt  to  explain 
the  primary  cause  of  gravity,  heat,  magnetism,  or 
electricity,  and  are  in  fact  only  efforts  to  bring  all  the 
observed  phenomena  under  one  general  law  of  action. 
It  will  be  observed  that  we  constantly  have  to  speak 
of  "the  electric  fluid,"  but  let  it  be  understood  that 
this  is  only  a  term  made  use  of  for  convenience  of 
expression.  We  know  not  whether  such  a  fluid 
exists  ;  and  all  that  we  mean  by  the  phrase  is,  that 
the  effect  we  observe  is  similar  to  that  which  would 
take  place  on  the  supposition  of  a  fluid  subject  to 
certain  laws  of  action,  assigned  to  it  by  actual  experi- 
ment. 

Definitions.  (1.)  The  earliest  observed  phenomenon  may  serve 
for  an  example  of  what  we  consider  electrical  effects. 
Let  a  piece  of  amber,  sealing-wax,  or  smooth  glass 
be  smartly  rubbed  upon  the  sleeve  of  a  coat,  or  any 
other  dry  woollen  substance,  and  it  will  be  found  to 
have  acquired  the  property  of  attracting  to  itself  bits 
of  straw,  paper,  fragments  of  gold-leaf,  or  any  small 
and  light  bodies.  The  amber  is  then  said  to  be  excited, 
and  the  attractive  power  thus  developed  is  called 
electric  attraction, 

AttracUon.  (2.)  Next,  let  a  small  ball  of  cork,  or  what  is  still 
better,  of  dry  eld§r  pith,  be  freely  suspended  from  a 
dry  silken  thread,  the  ball  being  about  as  large  as  a 
pea,  and  the  thread  a  foot  long.  Take  a  glass  tube  of 
considerable  size,  and  after  it  has  been  well  rubbed 
with  a  dry  silk  hail dker chief,  present  it  to  the  pith 
ball,  and  an  attraction  similar  to  that  already  described 
will  be  produced^  the  ball  approaching  and  adhering 


to  the  tube.  After  these  bodies  have  remained  a  few  P« 
seconds  in  contact,  the  ball  will  separate,  or  may  ^-*^ 
easily  be  shaken  from  the  tube.  If  now  the  glass  be 
again  brought  towards  the  ball,  instead  of  the  attrac- 
tion at  first  exhibited,  the  ball  will  recede,  and  avoid 
the  tube.  Here  then  is  (in  effect)  repulsion.  Let  the  Repu 
pith  ball  now  be  touched  with  the  finger,  or  a  metallic 
rod  for  a  few  seconds,  and  upon  the  removal  of  this 
touching  body,  a  repetition  of  the  two  original  phe- 
nomena may  be  obtained.  If  instead  of  the  glass 
tube^  a  stick  of  sealing-wax  be  employed,  the  sam6 
series  of  effects,  viz.  attraction  and  repulsion,  may  be 
produced,  and  in  the  same  consecutive  order  as  before. 
Here,  as  in  the  case  of  the  amber,  the  glass  or  the 
wax  is  excited,  its  electric  property  is  called  into 
activity,  and,  as  may  be  proved  by  experiment,  is 
distributed  upon  the  excitecl  part  of  the  surface  of  the 
body.  The  pith  ball  by  the  contact  receives  a  portion 
of  electric  fluid  thus  set  at  liberty,  and  as  it  afterwards 
recedes  from  the  originally  excited  body,  it  is  clear 
that  either  the  pith  ball  in  its  new  state,  or  the  fluid 
which  it  has  received,  is  in  some  way  or  other  repelled 
by  the  fluid  remaining  upon  the  glass  tube,  or  stick  of 
wax. 

(3.)  Let  us  now  combine  the  effects  of  these  two  Oppo 
simple  pieces  of  apparatus.  Excite  the  glass  tube  as  ^^^ctt 
before,  and  communicate  electricity  to  the  pith  ball,  so 
that  the  two  bodies  may  become  repulsive  of  each 
other.  ^Yhile  things  are  in  this  state,  the  pith  ball  re- 
maining electrified,  excite  the  stick  of  wax,  and  bring 
it  near  to  the  bull ;  instead  of  repulsion,  a  manifest 
attraction  now  exists  between  the  wax  and  the  ball. 
Conversely,  if  the  pith  ball  be  first  touched  by  the 
wax,  until  repulsion  be  produced,  and  if  then  the  ex- 
inted  glass  b^  brought  near  to  it,  attraction  again 
takes  place.  Obviously  then  the  effects  produced  by 
the  friction  of  the  same  substance  upon  glass  and  wax 
are  of  a  nature  directly  opposite  to  each  other  5  and 
hence  it  is  evident,  that  there  are  either  two  states  of 
the  same  electric  fluid,  or  that  there  are  two  distinct 
electric  fluids,  having  properties  dissimilar,  although 
the  laws  of  action  in  each  individual  fluid  may  be  the 
same.  Hence  arise  the  terms  vitreous  and  resinous,  to 
designate  these  different  electrical  states  or  properties. 
The  law  according  to  which  these  attractions  ami  re- 
pulsions are  manifested^  will  form  the  subject  of  future 
consideration. 

(4.)  It  may  have  been  remarked,  that  in  the  above  Cond 
experiment,  a  direction  was  given  to  touch  the  electri-  P'**^ 
fied  ball  with  the  finger  or  a  metal  rod ;  by  this  method 
the  ball  was  reduced  to  its  natural  state,  that  is  to 
say,  its  electricity  was  conveyed  away.     Now  had  a 
glass  rod  been  made  use  of^  it  would  have  been  found 


Neikal  inefficient^  and  the  ball  would  have  rem^tned  in  its 
***^*^*^*  electrified  state.  Here  then  is  a  |)i\lpabk  tlistinction 
••'%'-'**^  between  metal  and  gliiss;  the  ft^niier  is  capable  of 
convey^ing'  away  electricity,  the  latter  h  not  j  the 
former  then  is  termed  a  conductor,  the  latter  a  non- 
CQnditctm;  thus  two  general  divisions  are  formed, 
under  one  or  other  of  which,  with  certain  Hmitations, 
all  bodies  may  be  arranged.  It  was  formerly  the  sup- 
poiiition  that  these  two  classes  of  substances  might 
also  be  called  non-ehxtrks  and  ckclrks;  the  former 
name  indicating  an  incapacity  for  electrical  eatcita- 
tioiij  and  the  bitter  marking  the  contrary  property. 
This,  as  we  shall  hereafter  show.  Is  inaccurate,  and 
the  terras  will  consequently  fall  into  disuse. 

There  is  one  other  electrical  property,  which  may  be 
exhibited  by  methods  etpially  simple  with  those  we  have 
already  noticed.  If  the  glass  tube  before-mentioned 
be  excited  by  a  brisk  friction,  the  experiment  beings 
made  in  a  dark  room,  slight  flashes  of  light  will  be 
perceived  upon  its  surface.  Perhapsj  however,  a  more 
easy  mode  of  exhibiting  electrical  light,  is  to  take  a 
long  slip  of  coarse  brown  paper,  well  dried  before  the 
fire,  and,  whil«2  it  is  yet  warm,  let  it  be  drawn  quickly 
between  the  body  and  the  left  arm,  holding  it  fast 
between  the  thumb  and  hnger  of  the  right  hand,  if  it 
be  immediately  drawn  along  near  to  the  surface  of 
•ay  metallic  body,  small  sparks  and  flashes  of  light 


will  be  apparent  in  the  dark,  and  a  crackling  noiae 
will  be  beard. 

Suc!i  is  a  very  faint  outline  of  the  phenomena  of , 
electricity,  gi\en  for  the  purpose  of  explaiuing  the 
terms  made  use  of,  which,  as  ought  to  be  the  case 
with  all  descriptive  designations  in  any  science,  are 
applicable  to  every  possible  ca.^e  of  electrical  excita- 
tion. For  example's  sake,  friction  bus  been  selected 
as  the  means  employed  for  the  dcvclopemeut  of  elec* 
tricity  j  but,  as  will  be  hereafter  pointed  out,  there 
arc  ten  or  eleven  methods  at  present  known,  partly 
natural  and  partly  artificial,  by  which  electricnl  ener- 
gies are  produced.  In  some  cases  of  effects  decidedly 
electrical,  it  is  very  problematical  whether  the  operat- 
ing causes  arc  simply  electric,  or  arc  due  to  that 
modification  which  has  been  termed  galvanism,  such 
are  Dc  Ltic's  column,  and  the  contact  of  dissimilar 
metals.  We  have  before  acknowledged  our  belief  that 
all  these  singularities  are  but  modi  tied  effects  of  one  pri- 
mary cause,  au  opinion  which  has  now  gained  consider- 
able cur  rencyiu  the  scientific  world,  and  is  strongly  sup- 
ported by  the  beautiful  experiments  of  Dr  U^olluston. 

For  the  purpose  of  conveniently  separating  the  doc- 
trines of  free  and  induced  electricity  from  each  other 
the  following  arrangement  has  been  adopted,  in  which 
the  three  hrst  chapters  apply  to  the  former  depart- 
meut  of  our  subject  only. 


Part  r. 


Cli&p.  I. 


Chap,  I.      Electrical  phenomena  developed  by  the  common   machine,   with  the  construction  of  other 
apparatus  of  the  same  nature  ► 

CoAP,  II.     Instruments  for  indicating  the  presencCj  and  measuring  the  intensity  of  free  electricity* 

Chap.  III.   On  the  spontaneous  motions  of  the  electric  fluid, 

CoAp.  IV*.   On  the  nature  of  electrical  induction,  and  on  the  hypotheses  of  Du  Fay,  Symmer,  and  Franklin. 

Chap.  V,     Application  of  the  principles  of  induction  to  the  artiticial  increase  or  quantitative  accumuktioa 
of  electricity. 

Chap.  VI.    Effects  of  electricity  upon  organic  and  inorganic  matter,  and  also  upon  the  other  imj^onderable 
physical  agents. 

Chap,  VH,  On  the  various  sources  of  electrical  excitation,  and  on  the  peculiarities  attendant   upon  its 
developemeut,  from  each  of  these  sources. 


CHAFIER   I, 


EUcirical  phenomena  developed  %  ihe  common  machine^  with  the  comtrttction  of  other  apparahis  of  the  same  nature^ 


(5,)  In  the  preceding  introductory  matter,  we  have 
endeavoured  to  render  the  ordinary  terms  employed 
in  this  science  familiar  to  the  reader,  and  we  now 
design  to  enter  upon  the  construction  of  au  electrical 
maehine*  selecting,  from  the  many  that  have  been  pro- 
posed, one  of  the  most  common  and  most  useful.  \Vith 
ihii  instrument,  or  of  course  with  any  other  of  tolc- 
mble  construction,  all  the  ordinary  experiments  which 
exhibit  the  peculiarities  of  electrical  excitation  may  be 
performed  j  and,  at  the  conclusion  of  this  chapter,  a 
few  more  of  the  best  or  most  curious  forms  for  the 
arrangement  of  au  clectricul  apparatus  will  be  noticed. 

In  fig.  1,  A  B  is  a  hollow  glass  cylinder,  supported 
at  the  two  ends,  in  the  direction  of  its  axis,  as  the 
plate  represetits,  atid  capable  of  a  rotary  motion  upon 
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that  axis,  communicated  to  it  by  means  of  a  small 
wheel  C,  which  is  itself  put  in  motion  by  a  cord  or 
catgut  from  a  larger  wheel  D,  turned  by  a  common 
handle.  F  is  a  cushion  of  silk  or  soft  leather,  stuffed 
with  hair,  and  supported  by  a  glass  insulating  stand, 
L.  By  means  of  a  screw  at  fi,  this  stand  may  be 
fixed  farther  from  or  nearer  to  the  cylinder,  as  a  rough 
adjustment,  to  regidate  the  pressure  of  the  cushion 
upon  the  cylinder;  but  iu  the  most  complete  machines 
this  purpose  is  effected  by  a  sjiring  placed  at  the  back 
of  the  rubber,  and  capable  of  regulation,  by  a  screw 
with  a  large  spherical  hcml,  as  seen  in  the  plate. 
From  the  upper  edge  of  the  rubber  there  proceeds  a 
flap  of  silk,  or  of  silk  varnished,  extending  over  the 
cylinder  to  within  about  half  an  inch  of  the  row  of 


ELECTRICITY. 


Practical  points,  protruding  from  tlie  prime  conductor.  K  is  a 
Elcctncity.  brass  chain  liangmg  loosely  from  the  knob  connected 
with  tlie  cushion,  and  communicating  with  the  earth. 
H  is  the  prime  conductor,  made  of  thin  brass,  having 
gpherical  caps  at  its  extremities,  and  supported  upon 
a  strong  glass  pillar  I,  fixed  into  a  circular  wooden 
stand.  At  that  end  of  the  conductor  which  is  nearest 
to  the  cylinder  a  row  of  points  is  inserted,  having 
each  end  of  the  transverse  wre  from  which  these 
points  project  terminated  by  a  varnished  wooden  ball, 
in  order  to  guard  against  the  accidental  dispersion  of 
electricity.  These  points  extend  to  within  about  half 
an  inch  of  the  surface  of  the  cylinder.  The  pivots 
upon  which  the  cylinder  is  supported  at  each  end  are 
fastened  into  brass  caps,  which  close  two  large  orifices, 
one  at  each  end  of  the  cylinder,  by  means  of  which 
the  intenor  surface  of  the  glass  h  made  perfectly 
clean  and  dry  before  it  is  mounted;  and  a  sufficient  bed 
of  some  resinous  cement  is  melted  into  each  cap,  on 
the  insidci  so  that  no  communication  can  take  place 
between  the  external  air  and  that  within  the  cylinder. 
As  the  electricity  is  developed  at  that  part  of  the 
cylinder  which  is  applied  to  the  cushion,  a  portion  of 
each  end  of  the  glass,  near  to  the  vertical  pillars  of 
the  supporting  frame,  is  covered  with  a  varnish  of 
gum -lac,  the  more  effectually  to  prevent  the  trans- 
mission of  any  portion  of  the  electric  fluid  from  the 
cylinder  to  the  metal  caps,  and  thence  to  the  ground^ 
through  the  frame  of  the  machine. 

(6.)  Now  let  us  suppose  the  wheel  D  to  be  set  in 
motion  by  its  handle,  in  the  direction  which  the 
arrow  points  out ;  it  is  obvious  that  the  smaller 
wheel  C  and  the  cylinder  will  move  in  the  opposite 
direction.  By  the  friction  of  the  glass  against  the 
cushion  electricity  is  excited,  and  this  effcct'is  greatly 
assisted  by  the  application  of  an  amalgam  to  the  sur- 
ikce  of  the  cushion.  The  electric  fluid  thus  evolved 
is  confined  to  the  surface  of  the  cylinder  by  the  oil- 
silk  flap;  and  at  the  point  where  that  terminates  it 
appears  to  be  eagerly  absorbed  by  the  metal  points 
attached  to  the  prime  conductor.  In  part  we  may 
suppose  there  is  an  actual  transmission  of  electricity 
from  the  edge  of  the  oil-jsilk;  and  in  part  we  must 
attribute  the  charge  received  by  the  prime  conductor 
to  another  species  of  action  which  we  shall  be  better 
enabled  to  ex[)lain  in  a  future  part  of  this  article.  The 
sharp  form  of  these  points  is,  as  we  shall  hereafler 
find,  of  aU  others  the  best  adapted  for  the  reception  of 
electricity.  Thus  the  prime  conductor,  which  being 
of  metal  allows  of  the  free  transmission  of  the  fluid, 
becomes  strongly  elcctrilied  throughout,  and  affords  a 
convenient  reservoir  from  which  the  fluid  may  be 
readily  abstracted  for  all  purposes  of  experiment, 

(7  )  ^Ve  have  already  seen  that  there  are  two  states, 
or  perhaps  kinds,  of  electricity  j  that  which  the 
machine  now  described  communicated  to  the  con- 
ductor is  invariably  produced  by  friction  upon  smooth 
gliiss,  and  is  therefore  termed  vitreous  clectriciiy^ 
but,  iu  a  future  chapter,  devoted  to  the  peculiarities 
of  friction  variously  applied,  and  to  substances  differ- 
ing in  their  nature,  it  will  be  seen  tliat  this  effect  is 
subject  to  numerous  modifications.  It  has  also  been 
proved,  that  whenever  one  electricity  is  developed, 
the  other  also  is  simultaneously  produced  j  and  in  the 
machine  before  us,  whatever  viti-eoua  (positive)  elec- 
tricity is  delivered  to  the  conductor  from  the  glass 
cylinder  J   an   equal   quantity  of  the   opposite  kind, 


the  resinous  (negative)  electricity,  is  manifested  ai    Q 
the  rubber;  hencej  if  another  conductor  be  made  to  s,^ 
communicate  with  the  rubber,  it  becomes  also  charged 
and  is  called   the  resinous  conductor.     An  excellent 
machine    upon    this   principle,    by   Mr.  N  id  rue,    will 
be  hereafter  described  j   but,  for  a  reason  which  we 
are  unable  at   present  to  enter  upon,  whenever  the 
vitreous  conductor  is  to  be  plentifully  charged,  it  is 
necessary  that  the  rubber  should  be  made  to  com- 
municate with  the  great  reservoir  of  electricity,  the 
earth,  which  explains  the  occasion  of  the  chain  seen 
at  K  ]  and,  conversely,  if  it  be  required  to  obtain  a 
charge  of  resinous  electricity  from   the  cushion,  the 
chain  is  removed,   and   afiixed  to  the  opposite  con* 
ductor,  forming  also  a  communication  with  the  earth. 

(8.)  Some  other  points  of  detail  connected  with  the  i^^ 
working  of  an  electrical  machine,  may  require  a  few 
words  of  explanation.  Much  depends  upon  the  per- 
fect insulation  produced  by  the  ghiss  parts  of  the 
apparatus,  and  in  this  matter  the  great  enemy  to  be 
guarded  against  is  moisture.  The  working  of  evca 
the  best  machine  is  decidedly  superior  in  dry  or  frosty 
weather,  to  what  it  is  when  the  air  is  loaded  with 
aqueous  vapour ;  and  as  glass  is  very  apt  to  effect 
the  condensation  of  moisture  upon  its  surface,  which 
greatly  impairs  its  insulating  property,  it  is  usual  to 
apply  to  some  parts  of  the  stanils  and  cylinder  a  coat 
of  some  resinous  varnish,  by  which  this  effect  is  la 
some  degree  obviated.  For  this  purpose  a  varnish,  j 
made  by  dissolving  sealing-wax  in  spirits  of  wine,  is 
frequently  employed  j  but  it  is  much  better,  if  pos- 
siblcj  to  apply  the  wax  at  once,  by  heating  the  sur- 
face  which  is  to  be  coated.  As  gum-lac  is  a  better 
insulator  than  sealing-wax,  delicate  varnishes  formed  i 
from  this  substance  are  found  to  be  peculiarly  eSica^  I 
cious. 

In  all  seasons,  electrical  experiments  should  be 
performed  in  a  warm  and  dry  room  j  and  when  a 
machine  has  remained  long  in  disuse,  it  is  usual  to  j 
place  every  part  of  it  at  a  convenient  distance  from  a  I 
fire,  in  order  that  the  moisture  it  may  have  received  . 
may  be  dissipated,  and  the  machine  brought  more  ' 
rapidly  into  action-  ' 

{90  In  fixing  the  glass  stands  into  their  sockets,  and  Cemi 
for  many  similar  electrical  purposes,  a  strong  cement  . 
is  required,  which  may  be  softened  by  a  gentle  heat,  | 
and  applied  with  the  greatest  convenience.  One,  i 
which  is  found  to  answer  exceedingly  well,  is  made  ' 
by  melting  together  five  pounds  of  resiuj  one  pound  I 
of  bees-wax,  one  pound  of  red  ochre,  and  two  table-  . 
spoons  full  of  plaster  of  Paris.  The  two  last  ingre-  | 
dients  are  to  be  well  dried  and  gradually  mixed  with  | 
the  wax  and  resia  while  in  fusion.    (Singer.) 

(10.)  From  tiic  first  amalgam,  in  trod  uced  by  Can  ton,  Am» 
(which  consisted  of  mercury  and  tin,  in  the  propor- 
tion of  two  parts  of  the  former  to  one  of  the  latter,  | 
with  the  addition  of  a  little  clralk,)  to  the  present 
timcj  numerous  other  compositions  of  a  similar  nature 
have  been  proposed.  The  following  is  certainly  a  ^-ery 
good  one,  and  was  recommended  by  the  late  Mr.  Singer* 
"  ^lelt  together  two  ounces  of  zinc  with  one  of  tin, 
and  while  this  compounc!  is  in  a  fluid  state,  let  it  be 
mixed  with  six  ounces  of  mercury,  and  then  let  the 
whole  be  shaken  in  an  iron  or  thick  w^ooden  box  till 
cold.  It  is  then  to  be  reduced  to  a  very  fine  powder 
in  a  mortar,  and  mixed  with  sufficient  lard  to  form  a 
paste/* 
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In  the  application  of  the  amtdgam^  it  sliould   be 

^ifireid  evenly  upon  the  surface  of  the  cushion^  so  as 

'  to  meet  the  under  etlge   of  the   silk  flap,  which  i& 

joined  to  the  upper  cd^e  of  the  cushion^  but  is  not  to 

ex^lend  over  any  part  of  the  varnished  silk.     From 

t^tinie  to  time  it  is  found  oecess;iry  to  wipe  the  surface 

0f  the  cushion,  the  flap,  and  the  cylinder  ;  for  a  part 

lof   the  electrical  cflfect  of  the  crlinder  is  to  attntct 

^dustf  wliich  the  cushion   wipes  olT;  an   accumulation 

Lof  dirt  rapidly  takes  place,  and  black  specks  and  lines 

sre  seen  fixed  upon  tlie  surface  of  the  cylinder.  These 

may  i^cry  easily  be  removedj  by  a  rag  moi:>tencd  with 

Spiiits  of  wine.     It  is  also  convenient  to  have  a  piece 

of  smooth  leather,  about  five  inches  square,  covered 

with  amal^m,  by  tlie  application  of  which  to  the 

cylinder   with   one    hand,    while  the  Diachine   is    in 

motion,   a  powerful  degree  of  excitement  h  rapidly 

produced* 

The  substance  of  Mr.  Nicholson *s  directions,  for 
brin^Ing^a  machine  into  good  action,  consists  in,  first, 
deatUBg  the  cylinder  from  spots,  by  a  little  spirit  of 
*wine  upon  a  rag ;  second,  wiping  all  dust  from  the 
itlk  flap.  To  work  the  cyliniler  against  a  leather, 
['with  some  tallow  upon  it,  until  the  glass  becomes 
dim;  and  lastly,  to  work  the  cylinder  a  short  time, 
ttpplyiDg  the  amalgam  from  a  leather  upon  the 
l»and,  as  before  directed.  {Fhihsophkal  Transactions, 
1789.) 

(11.)  To  Professor  Winkler,  of  Leipzic,  we  are  in- 
Cliebted  for  the  introduction  of  the  cushion  instead  of 
the  human  hand,  which  had  been   employed  by  all 
former  experimentalists.   Several  variations  have  been 
ic  in  the  mode  of  fixing  this  important  part  of  the 
ratuSj  but  we  limit  ourselves  to  a  delineation  of 
'  springs  cushion  as  now  frequently  ap2i!ied  to  the 
est  xnachines.     It  is  represented  in  fig.  ^,  and  differs 
from  the  plain  cushion  only  by  having  a  space  of  half 
an  inch,  interposed  between  the  cushion  itself  and  its 
w!en  back.    Within   thiji  space,    there   is   a   bent 
"steel  spring,  by  meims  of  which  a  proper  degree  of 
pressure  is  maintained  upon  the  surface  of  the  cylin- 
der, but  which  allow^s  the  cushion  to  recede^  should 
*this  pressure  be  increased  to   such   an   cfxtent   as   to 
I  endanger  the  safety  of  the  cylinder.     In  the  old  ma- 
l^dilned^  the  same  effect  w^is   produced,   by  various 
methods  of  adjusting  the  distance  of  the  pillar  bearing 
the  cushion,  generally  by  means  of  a  screw^  fixed  to 
some  part  of  the  frame.     On  rubbers,  consult  also 
Wolf,  Nicholson* s  Journal,  1804. 

(12-)  It  is  by  no  means  a  matter  of  certainty  what 
Idfld  of  glass  is  best  adapted  for  the  formation  of 
cylinders  for  electrical  purposes  ;  tbey  arc  at  present 
■principally  made  of  flint  glass,  and  as  thin  as  possible 
to  allow  of  sufTicient  strength.  In  choosing  a  cylinder. 
It  ought  to  be  free  from  knots  and  veins,  and  as 
I  nearly  cylindrical  as  possible,  in  order  that  the  pres- 
"JOre  given  by  the  cxishion  may  be  equable  throughout 
the  whole  of  its  revolution.  It  is  not  uncommon  for 
•chool-boys  to  make  very  tolerable  little  electrical 
machines  of  a  glass  jtUTj  or  even  of  a  common  gre^n 
glass  quart  bottle. 

-  It  has  been  proposed  to  coat  the  inside  of  cylinders 
i^ith  a  resinous  cement  j  but  this  is  now  seldom  done, 
ultbough  it  would  doubtless  sometimes  improve  the 
ttction  of  a  bad  cylinder.  The  process  is  simply  to  meU 
l*togetlier  fbtrr  jyarts  of  Venice  turpentine,  one  part  of 
resin,  and  one  of  bees-wax,  and  to  boll  the  w^hole  for 


about  two  hours,  in  an  earthen  pipkin,  over  a  gentle  Chap, 
fire.  The  cylinder  is  to  be  carefully  heated,  and  a 
portion  of  the  liquid  cement  poured  in  j  then,  by 
turning  the  cylinder  about  while  the  cement  remains 
fluids  a  sufficient  coating  may  be  applied  to  every 
part  of  its  interior  iiurface. 

(13.)  Various  substances  have  been  proposed  for  the  Prime  con- 
construction  of  the  prime  conductor,  but  the  onlyductor. 
essential  condition  to  be  fulfilled,  is  that  it  may  ha>e 
a  metallic  surface  at  the  exterior.  A  solid  met<d  con- 
ductor can  contain  no  more  electricity  than  oue  that 
has  the  same  superficial  extent  and  form»  however 
thin  it  may  be  j  for  it  will  be  hereafter  shown,  that 
all  the  electric  fluid  disposed  in  a  conducting  body 
resides  within  the  body  but  indefinitely  near  to  lU 
surface.  In  general  the  prime  conductor  is  cyliu- 
drical,  having  hemispherical  ends ;  but  if  the  diameter 
of  Ibis  cylinder  be  small,  it  becomes  necessary  that 
the  two  extremities  should  be  formed  of  portions  of 
spheres  of  considerable  magnitude,  to  prevent  the 
spontaneous  dispersion  of  the  electric  iluid.  Con- 
ductors formed  of  thin  copper  or  brass  are  the  best, 
because  they  are  little  liable  to  injury,  and  may  be 
made  perfectly  free  from  all  asperities ;  but  cylinders 
of  w^ood  or  pasteboard,  coated  with  tin-foil,  or  gold' 
leaf,  if  clean  and  in  good  repair,  are  fomid  to  answer 
VQvy  welL  There  should  be,  in  different  parts  of  the 
prime  conductor,  small  romid  holes  about  the  &m  of 
a  goose-quill,  into  which  balls,  or  points,  or  other 
pieces  of  apparatus  may  be  inserted.  The  entl  ucarest 
to  the  cylinder  has  a  .similar  hole,  for  the  insertion  of 
the  brass  series  of  points  seen  in  fig.  3.  Secondary 
conductors,  as  they  have  been  called,  are  but  nircly 
employed  in  this  country ;  their  principal  use  would 
be  in  obtaining  large  sparks  from  a  machine  of  slight 
power  ;  but  as  a  larger  machine,  capable  of  producing 
more  electricity  in  a  given  time,  may  be  almost  as 
easily  procured,  we  do  not  feel  bound  to  eater  very 
minutely  into  the  details  of  their  construction.  They 
consist  of  one  or  more  conductors,  suspended  by  silk- 
cards  from  the  ceiling  of  a  room,  all  connected  with 
each  other,  and  w  ith  the  prime  conductor  of  the  ma- 
chine, thus  affording  a  more  extended  surface  over 
which  the  electricity  developed  by  the  cylinder  may 
be  dispersed,  and  from  which  it  may  readily  be  with- 
drawn for  experimental  purposes. 

The  following  instruments  are  also  retiuired  for  the 
performance  of  certain  experiments,  which  we  shall 
shortly  proceed  lo  describe. 

(14.)  A  stool  with  glass  legs.  The  top  is  made  of  a  lasulatiug 
piece  of  mahogany,  or  other  strong  hard  wood,  and  &toal. 
should  be  baked,  and  then  varnished.  The  legs  may  be 
six  or  eight  inches  long,  formed  of  solid  glass  rods,  fixed 
into  holes  on  the  under  side  of  the  stool  by  cement ; 
and,  for  greater  security  in  insulationj  these  legs 
shoultl  all  be  covered  with  a  coat  of  some  resinous 
varnish,  fig,  4, 

(15.)  Brass  rods,  terminated  hy  balls  and  points, 
fitting  into  the  prime  conductor,  fig.  5  and  6.  Simi- 
lar balls  and  rods,  fixed  to  insulating  glass  handles^ 
fig.  8  and  9.  A  few  pieces  of  brass  chain,  for  making 
communications  from  one  part  of  the  apparatus  to 
another.  Small  spheres  of  rush  pith,  elder  pith,  or 
cork,  suspended  by  silken  threads,  and  others  by  fine 
silver  wires,  or  threads  of  hemp,  which  should  be 
pre^nously  steeped  in  salt  and  water,  and  then  dried. 

(IG.)   We    have  already  atated  that  there  arc  two 
1% 


60 


ELECTRICITY. 


Practicfd  kinds  of  electricity,  to  which,  for  distinction,  the 
Electricity,  ^rrag  vitreous  and  resinous  are  usually  applied.  Two 
"^^^v*"^  bodies,  A  and  B,  similarly  electrified,  repel  each  other. 
Two  bodies,  A  and  B,  dissimilarly  electrified,  attract 
each  other  3  and  one  body,  whether  charged  with  the 
vitreous  or  resinous  electricity,  is  attracted  by  an- 
other body,  to  which  no  charge  of  free  electricity  has 
been  communicated.  It  may  be  well  to  illustrate 
these  fundamental  laws  of  electrical  action  by  a  very 
simple  experiment.  Provide  a  glass  stem,  fig.  10, 
about  a  foot  long,  having  at  the  top  a  curved  brass 
wire,  with  a  small  kpob  and  hook  at  the  end.  From 
this  hook  let  there  be  suspended  a  fine  doubled  silver 
wire,  having  a  pith  ball  at  each  extremity,  so  that  the 
wires  may  hang  freely,  and  the  balls  be  in  contact. 
Excite  a  stick  of  wax,  by  rubbing  it  upon  dry  flannel, 
and  pass  the  surface  of  the  wax  along  the  bent  part  of 
the  wire.  By  this  operation  a  portion  of  the  resinous 
electricity  is  communicated  through  the  brass  to  the 
wire  and  the  balls,  and  these,  being  similarly  elec- 
trified, will  manifest  their  mutual  repulsion  by  the 
divergency  of  the  threads. 

Touch  the  brass  part  of  the  apparatus  with  the 
-finger,  so  that  all  electrical  charge  may  be  removed, 
and  repeat  the  experiment,  only  making  use  of  a  smooth 
glass  tube  instead  of  the  wax,  and  repulsion  will 
again  take  place  between  the  balls,  proving  that  when 
they  are  similarly  electrified  with  vitreous  electricity 
also,  the  same  effect  is  produced. 

Next,  take  two  of  these  insulating  stands,  fig.  II, 
having  a  single  wire  and  a  single  ball  suspended  from 
each.  AVhile  they  are  standing  at  some  distance  from 
each  other,  communicate  to  the  one  vitreous  and  to 
the  other  resinous  electricity,  and  then  bring  the  two 
stands  gradually  near  to  each  other,  by  moving  either 
of  them.  The  two  balls  will  be  seen  to  deviate  from 
their  position  of  vertical  suspension,  and  to  tend 
towards  each  other.  Lastly,  let  the  stands  be  sepa- 
rated, the  tubes  remaining  charged,  and  bring  near 
to  either  of  them  the  large  ball,  fig.  7>  holding  the 
opposite  end  in  the  hand.  The  pith  ball  will  tend 
towards  the  metal,  and  thus  every  case  of  the  enun- 
ciation is  easily  and  satisfactorily  demonstrated.  In 
the  experiments  here  recited,  we  are  limited  to  the 
supposition  that  the  balls  are  formed  of  elder  pith,  or 
some  conducting  substance,  otherwise  electricity 
could  not  be  transmitted  to  them  through  the  sup- 
porting wires.  The  same  proposition  is  however 
perfectly  true  of  all  bodies,  whether  conductors  or 
non-conductors;  but  of  course  it  is  more  difficult  to 
induce,  either  by  communication  or  by  excitation, 
a  charge  of  free  electricity  upon  a  ball  of  non- 
conducting matter,  for  the  purpose  of  making  this 
experiment. 
Agency  of  ( 17.)  It  may  have  been  remarked,  that  we  frequently 
the  atmo«-  make  use  of  the  terms  attraction  and  repulsion,  but 
pherc.  let  ^s  here  pause,  and  inquire  strictly  what  it  is  we 
mean  by  those  terms.  What  is  attracted  ?  What  is 
repelled  ?  Experiment  teaches  us  that  all  bodies  upon 
which  free  electricity  is  disposed  have  a  tendency  to 
move  either  to  or  from  each  other.  But  by  what 
piechanism  is  this  effect  produced?  Is  the  force 
causing  these  motions  dependent  upon  the  immediate 
mutual  action  of  the  electric  fluids,  or  must  we  take 
into  consideration  the  intermediate  agency  of  some 
third  body  ? 
To  obtain  an  answer  to  these  questiobs,  let  us  first 


review  the  state  of  our  actual  knowledge  of  facts  Cba] 
bearing  upon  this  point.  It  has  been  proved  that^^^^N 
electricity  has  no  peculiar  affinities  by  which  its 
molecules  attract  at  a  distance  different  substances 
with  different  degrees  of  force.  It  is  extremely  pro- 
bable that  the  pressure  of  the  air  is  the  principal  force 
which  detains  the  electric  fluid  within  an  excited  bod]^; 
for  if  an  electrified  conducting  body  be  placed  under 
an  exhausted  receiver,  the  electricity  is  »o  longer 
retained,  but  rapidly  escapes  from  the  body  as  the 
exhaustion  proceeds.  An  excited  non-conductor  also, 
under  the  same  circumstances,  soon  parts  with  its 
electricity,  but  the  process  does  not  go  on  with  such 
rapidity  as  in  the  case  of  the  conductor.  We  may 
then  fairly  suppose  that  the  air  alone  acting  as  a 
stratum  of  non-conducting  matter,  confines  the  elec- 
tricity within  a  conducting  body  5  although,  from  the 
freedom  of  .motion  which  the  molecules  of  the  fluid 
possess  within  that  substance,  they  may  arrange  them- 
selves in  forms  dependent  upon  the  forces  that  act 
upon  them  from  without  3  and  upon  the  diminution 
of  the  pressure  of  that  insulating  envelope,  the  air, 
may  spontaneously  remove  to  other  bodies  acting 
upon  them  according  to  the  ordinary  laws.  A  non- 
conducting body  is  found  not  to  lose  its  electricity 
with  such  rapidity  as  a  conductor  does,  supposing 
both  to  be  placed  in  vacuo.  The  electric  fluid  can 
traverse  all  the  interior  substance  of  the  latter  body 
with  inconceivable  rapidity  5  but  its  molecules  seem  to 
have  no  power  of  moving  among  the  particles  of 
matter  of  the  former  kind.  There  is  then  some  kind 
of  a  force  attendant  upon  non-conducting  power, 
which,  as  it  enables  the  particles  of  matter  possessing 
this  property  to  detain  in  some  degree  the  electric 
molecule,  may  of  course,  if  means  be  found  to  set  the 
-electric  molecule  in  motion,  communicate  motion  to 
the  particles  of  the  non-conducting  matter  also. 
Perhaps  therefore  we  may  conceive  two  forces  tending 
to  detain  the  electric  fluid  upon  a  non-conducting 
body  5  one,  the  ordinary  and  acknowledged  pressure 
of  the  air,  and  another,  though  less  powerful  one, 
either  accoqfipanying  or  arising  from  the  non-conduct- 
ing power  itself.  It  has  been  proved  also,  by  accu- 
rate experiment,  that  the  repulsive  forces  of  molecules 
of  the  same  electricity,  and  the  attractive  forces  of 
molecules  of  the  opposite  electricities,  vary  according 
to  the  inverse  square  of  the  distances.  Hence,  the 
arrangement  that  the  electric  fluid  will  assume  upon 
any  excited  conductor  may  be  calculated.  It  follows 
also,  from  theoretical  considerations,  that  the  reac- 
tion upon  the  surrounding  atmosphere  exerted  by 
strata  of  the  electric  fluid  varies  as  the  squares  of  the 
thicknesses  of  these  strata. 

Let  us  now  proceed  to  apply  the  action  of  these 
forces  to  account  for  the  observed  attraction  and  re- 
pulsion of  electrified  bodies.  For  the  sake  of  con- 
venience, we  may  trace  these  effects  upon  spherical 
bodies ;  but  it  is  obvious  that  whatsoever  is  true  of 
masses  of  matter  in  that  form,  will  be  true  in  qualittf^ 
of  matter  arranged  in  any  other  form,  although  the- 
laws  we  shall  hereafter  mention  may  produce  some 
variation  upon  the  quantity  of  that  effect. 

Adopting  in  part  an  illustration  from  M.  Biot, 
we  may  consider  the  conditions  of  two  electrified 
spheres  A  and  B,  considering  the  former  fixed  and 
the  latter  movable )  for  whatsoever  is  proved  on  this 
supposition  will  be  true  also  in  quality,  if  both  the 


bodies  hove  freedom  of  motion.  Three  cases  present 
themselves » 

1 ,  A  and  B,  both  non-conductors. 

2,  A,  n  non-conductor,-  B,  a  conductor. 

3,  A,  a  conductor  f  B,  a  conductor. 
In  the  first   case,   the   electrical  molecules  being 
cd  upon    the    non-conducting   matter,  by  certain 

forces  to  which  we  have  alliidctl,  the  bodies  them- 
selves; must  partake  of  the  motions  comnmnicutcd  to 
the  electrical  molecules.  Every  molecule  upon  each 
of  the  balls  will  exert  a  repulsive  force  upon  every 
other  molecule  upon  the  same  baU  j  but  the  resultant 
of  all  these  forces  can  produce  no  clTect  upon  the 
motion  of  the  centres  of  i^ravUy  of  each  sphere  re- 
spectively. In  the  next  place,  we  have  the  attraction 
or  repulsion  of  the  fluid  upon  one  sphere  towards 
the  fluid  upon  the  other  sphere ;  and  as  the  bodies  are 
non-conductors,  whatsoever  order  of  distribution  the 
fluid  upon  each  sphere  has  at  lirst  received,  the  same 
order  will  be  retained.  Suppose  that  the  electricities 
are  equally  disposed  around  the  spheres  respectively. 
In  this  case  each  sphere  attracts  or  repels  the  other 
sphere,  in  the  same  manner  as  if  all  the  electric  mass 
were  collected  at  its  centre^  The  force  then  with 
which  the  fluid  upon  B  is  attracted  or  repelled  towards 
the  fluid  upon  A,  is  due  to  the  joint  action  of  the  two 
fluids  upon  each  other  j  and  the  motion  which  is 
thus  impressed  ui>on  the  fluid  with  which  B  is  charged, 
must,  for  reasons  already  given,  cause  the  body  B  to 
be  cither  attracted  towards  or  rei>elled  from  A,  as  the 
ease  may  be. 

In  the  second  case,  we  may  consider  the  molecules 
of  the  fluid  upon  B,  when  acted  upon  by  the  mole- 
cules of  the  fluid  A,  as  arranging  themselves  within 
the  body  B,  (in  which  they  can  move  freely,)  accord- 
ing to  that  law  of  attraction  or  repulsion  to  which 
ihefare  subject.  Let  %.  l'^  and  13  roughly  rcpre- 
lent  this  case,  supposing  the  former  to  be  sections  of 
ft  conducting  and  a  non-conducting  sphere,  charged 
with  opposite  elcctricitiesj  and  the  latter  to  be  sec- 
tions of  two  similar  spheres  charged  with  the  same 
electricities.  It  is  evident,  that  in  both  these  cases 
the  ipace  between  the  dotted  lines,  and  the  full  lines 
marking  the  surfaces  of  the  spheres,  may  roughly  re- 
present the  sections  of  the  strata  of  fluids  arranged 
according  to  the  conditions  of  the  respective  cases. 
With  regard  to  the  sphere  B,  since  it  is  formed  of 
conducting  matter,  we  cannot  suppose  any  such  force 
uniting  the  electric  molecules  to  the  material  par- 
ticles, as  to  be  capable  of  producing  a  motion  in  the 
latter  j  and  the  only  effective  force  which  we  have  to 
consider  is,  that  which  arises  from  the  pressures  of  the 
air  and  the  electric  fluid  upon  each  other.  What- 
soever intensity  of  electrical  charge  may  have  been 
communicated  to  the  spheres,  the  reaction  of  the 
electric  molecules  upon  the  air  is  proportional  to  the 
square  of  the  thickness  of  the  electrical  stratum  at 
different  points.  In  fig,  1^,  since  the  thickness  of  the 
electrical  stratum  is  by  the  arrangement  of  tlie  fluid 
much  greater  on  the  side  O  of  the  sphere  than  on  the 
lide  M  ;  the  sum  of  the  &<iuares  of  all  the  lines  drawn 
in  the  direction  of  nidii  for  measuring  the  thickness 
of  the  stratum,  is  much  greater  on  the  side  O  of  the 
fphere  than  on  the  side  M  of  the  same  sphere ;  and  there- 
fore the  reaction  in  the  direction  M  O  is  greater  than 
the  reaction  in  the  direction  O  M.  Now  the  ordinary 
f]§  pressures  upoji  the  sphere  at  the  points  M 


and  O  are  equal,  and  in  opposite  directions ;  but,  being 
unequally  resisted,  motion  will  ensue,  and  the  sphere 
B  will  recede  from  the  sphere  Aj  as  the  arrow  points 
out.  By  a  similar  course  of  reasoning,  the  sphere  B, 
in  fig.  13,  i^ill  be  shown  to  move  in  the  opposite 
direction  towards  the  dissimilarly  electrified  sphere  A. 

The  consideration  of  the  third  case,  proceeding 
upon  simihir  principles,  will  lead  us  to  results  of  the 
same  kind  j  and,  In  fact,  the  third  case  becomes 
identical  with  the  second,  after  the  masses  of  fluid  in 
each  of  the  spheres  have  assumed  those  positions  to 
which  they  are  impelled  by  the  mutual  action  of  the 
molecules  of  fluid  on  one  sphere,  upon  those  of  the 
fluid  upon  the  other  sphere.  It  is  obvious  also,  that 
although  in  these  supposed  cases,  for  illustration,  we 
have  considered  the  sphere  A  as  fixed,  the  same  re- 
sults in  nature  would  have  been  obtained  if  both  the 
spheres  had  been  movable,  only  that  the  quantity  of 
motion  would  then  have  been  divided  between  the 
two  bodies. 

Should  these  illustrations  meet  the  eye  of  the  expe- 
rienced electrician,  it  may  be  to  him  a  matter  of  sur- 
prise, that  the  effects  produced  by  the  decomposition 
of  the  natural  eleetricities  of  the  bodies  (when  they 
are  conductors)  have  not  been  here  adverted  to.  The 
truth  is,  thattis  these  efl'ects  do  not  diminish,  but  rather 
increase  in  all  ordinary  cases  the  actions  here  de- 
scribed, wc  omit  for  the  present  all  the  jjhcnomcna 
arising  from  induced  electricity,  in  order  that  wc  may 
devote  to  that  subject  a  portion  of  more  undivided 
attention  hercaAer. 

The  cxplauation  that  has  been  given  in  the  recent 
paragraphs  of  the  mechanical  agency  of  the  air  in  pro- 
ducing  many  of  the  sensible  effects  of  electrical  attrac- 
tion and  rcjndsion^  enables  us  to  avoid  the  improbable 
supposition,  that  rn  their  electrified  state  the  particles 
of  mutter  exert  upon  each  other  any  new  attractive 
or  rejjulsive  forces  different  from  that  with  which  they 
are  endowed  in  their  unelectrifled  state.  It  leaves  to 
matter  the  power  of  being  acted  upon,  but  takes  from 
it  all  active  agency  in  these  phenomena,  .\s  a  proof 
that  similar  movements  may  be  produced  simply  by 
the  mechanical  action  of  the  air,  without  jmy  real  at- 
traction or  repulsion  of  material  particles  towards  each 
other,  M.  Biot  adduces  the  following  elegant  illus- 
tmtion. 

Let  A  B,  fig.  14,  represent  a  glass  vessel  filled  with  Biot'»il- 
some  heavy  fluid,  such  as  water,  or  mercury,  sus-  lusUraiioo, 
pended  vertically  from  a  fixed  point,  S.  The  vessel 
itself  will  remain  motionless,  and  the  fluid  which  it 
contains  can  produce  no  motion  in  an  horizontal 
direction,  because  the  lateral  pressures  at  the  same 
depth  in  opposite  directions  A  B,  BA  are  equal  to 
each  other-  But  suppose  that  by  means  of  a  burning 
mirror  M,  we  direct  a  cone  of  light  upon  the  point  A, 
and  thus  make  a  small  perforation  in  the  side  at  that 
point-  Tlie  fluid  now  escaping  freely  from  this  a|>er- 
ture,  the  pressure  in  the  direction  B  A  vanishes,  and 
the  pressure  in  the  direction  A  B  remaining  constant, 
and  being  no  longer  counteracted,  the  vessel  will  move 
from  the  mirror  as  if  it  were  repelled  by  it.  Thus 
also  a  hole  made  in  the  opposite  point  B  might  pro- 
duce an  apparent  attraction,  although  in  neither  case 
is  there  any  real  attraction  or  repulsion,  but  only  an 
effect  of  simple  hydrostatic  pressure,  depending  upon 
the  fluid  contained  in  the  vessel  A  Bj  and  the  8ur^ 
rounding  atmosphere. 


4 


M 


I 


62 


E  L  E  C  T  R  I  C  I  T  Y. 


maatst 


Practical  Wliatever  may  be  the  nature  of  electrical  Jittrac- 
Kkctridty.  ilons  and  repulsions,  the  effects  produced  are  ainang 
^  the  most  subtle  niiinifestations  of  physical  force  j  for 
the  ititcrpositiou  of  glass,  resins,  and  non-conducting 
hodies  does  not  destroy  these  effects.  An  excited 
stick  of  wax,  suspended  in  a  glass  flask  or  tube,  will 
still  attract  lig-ht  bodies  to  the  surface  of  the  ^lass. 
This  a|jpcar:ince  mii^lit  however  be  accounted  for  oa 
the  principles  of  induction,  without  supposing  the 
glass  to  be  permeable  to  the  direct  influence  of 
electricity. 

(18.)  Being  now  in  possession  of  the  electrical 
machine,  and  in  some  degree  prepared  to  comprehend 
the  principles  opnn  which  the  experiments  performed 
With  it  depend,  we  shall  select  a  few  of  the  most  in- 
teresting tif  these  experiments,  from  the  countless 
numbers  already  published,  as  further  illustrations  of 
the  objects  to  which  this  chapter  has  been  specificany 
devoted. 

Experiments  depending  upon   electrical    attraction    and 
repulsion, 

(10)  Exp.  Remove  the  prime  conductor  from  an 
electrical  machine  5  let  the  cylinder  be  put  in  motion 
by  turning  it  with  one  hand,  while  the  back  of  the 
other  hand  is  brought  near  to  that  part  of  the  cylinder 
which  is  just  beneath  the  termination  of  the  silk  flap, 
A  singular  sensation  is  perceived,  something  like 
that  which  is  produced  by  touching  a  cobweb.  The 
cause  of  this  sensation  is  to  be  sought  for,  partly  in 
the  ordinary  attraction  exerted  upon  the  fine  hair 
covering  the  surface  of  the  skin,  but  principally  in 
the  actual  accumulation  and  progress  of  resinous 
electricity  towanls  the  Titreous  electricity  excited  by 
the  cylinder  of  glass, 

(20, )  Exp.  Adjust  the  prime  conductor  to  the  machine, 
so  that  the  row  of  points  may  be  as  near  to  the 
cylimler  as  possible  without  touching  it.  Let  the 
conductor  be  electrified  by  putting  the  machine  in 
motion  ;  and  then,  holding  a  linen  or  silver  thread  by 
one  end,  bring  the  pith  ball,  attached  to  the  other 
end,  near  to  the  excited  conductor;  The  ball  will  be 
ini mediately  attnicted,  and  will  continue  to  adhere  10 
the  conductor  as  long  as  any  electricity  shall  remain 
in  it.  In  this  case  the  ball  continues  to  absorb  elec- 
tricity from  the  conductor,  but  as  this  electricity  is 
conveyed  away  by  the  thread  to  the  hand  of  the 
person  holding  it,  and  so  to  the  earth,  as  fast  as  the 
ball  can  receive  it,  the  effect  continues  as  long  as  a 
fresh  supply  of  the  fluid  can  be  found  in  the  con- 
ductor to  produce  a  continued  repetition  of  the 
attraction  originally  exlnbited.  Let  the  same  experi- 
ment be  repeated,  varying  it  only  by  making  use  of 
a  ball  attached  to  a  dry  silken  thread.  In  this  case 
attraction  will  be  manifested  at  first  as  before  j  but  as 
«oon  as  the  ball  has  obtained  from  the  conductor  such 
a  portion  of  electricity  as  it  is  capable  of  receiving, 
rcpuLsion  will  take  place  ;  and  the  ball,  hanging  freely 
by  the  silk,  cannot  tie  made  again  to  touch  the  con- 
ductor, until  the  electric  charge,  which  it  has  receiired, 
be  rcmovL'd  by  the  contact  of  some  conducting  body, 
or  until  the  elect ricity  of  the  conductor  itself  has  been 
removed,  iti  which  case  the  ball  will  be  again  at- 
tnicteii  in  order  that  the  two  bodies  may  share  the 
Iree  electricity  retained  by  the  pith  ball. 

(21.)  Exp.  Take  a  similar  ball,  having  its  surface 
covered  with  gold-leaf^  suspended  also  by  a  silken 


thread,  and  holding  the  silk  in  one  hand,  allow  the 
ball  to  obtain  a  charge  of  electricity  from  the  con- 
ductor until  repulsion  Is  produced*  Then,  with  the 
other  liaud,  bring  the  brass  ba.ll,  fig.  7,  near  to  the 
pith  ball,  but  on  the  side  opposite  to  that  which  is 
presented  to  t!ie  condnctor.  The  gilded  ball  will  be 
attracted  to  the  brass  knob,  and  after  it  haa  parted 
with  its  electricity,  it  is  in  a  state  again  to  be  at- 
tracted by  the  conductor;  and  these  effects  will  proceed 
alternately,  so  that  the  ball  will  oscillate  between  the 
conductor  and  the  brass  knob,  as  long  as  any  free 
electricity  remains  upon  the  conductor. 

('22.}  Exp*  Let  a  few  pieces  of  thrciid,  about  a  foot 
long,  be  tied  together  by  a  knot  at  each  end,  and 
having  attaclied  one  end  to  the  prime  conductor,  let 
the  other  end  hang  loosely  in  the  air.  Upon  turning' 
the  machine,  the  threads  become  similarly  electrified, 
and  therefore  repel  each  otber^  consequently,  the 
central  part  of  the  fasciculus  will  swell  out,  like  the 
meridians  drawn  upon  a  globe^  and  the  lower  knot 
will,  of  course,  be  elevated  towards  the  conductor, 

(^23.)  Ktp>  Insert  one  end  of  the  pointed  brass  rod, 
fig.  5,  into  the  conductor,  and  while  the  maeliine  is 
in  action,  let  the  \m\nl  of  the  rod  be  moved  about 
over  the  inner  surface  of  a  dry  glass  tumbler.  Place 
a  number  of  small  pith  balls  or  fnigtiionts  of  paper 
rolled  up  into  balU,  upon  a  surface  of  tin-foU,  or  a 
metal  plate,  and  reverse  the  tumbler  over  the  l>alls* 
A  violent  system  of  attractions  and  repulsions  imme- 
diately takes  place^  the  balls  jumping  up  and  down 
alternately,  between  the  glass  and  the  metal,  until 
all  the  electricity,  which  was  disposed  upon  the  sur- 
face of  the  glass,  has  been  removed. 

(94,)  Exp,  Suspend  a  disc  of  p;isteboard  or  wood, 
coated  with  tin-foil  from  the  prime  conductor,  by 
linen  threads,  and  place  underneath  this  disc  a  simi- 
lar one  communicating  with  the  ground  by  a  chain, 
and  capable  of  being  tixed  at  different  distances  from 
the  former  plate.  Let  a  number  of  fragments  of  gold- 
leaf,  or  paper,  or  small  painted  figures,  be  placed 
upon  the  lower  plate,  Thene  light  bodies,  upon  putting 
the  machine  in  motion,  will  i^  immediately  aitracled 
and  repelled  alternately  between  the  two  plates^  and 
a  sort  of  electrical  dance  is  performed. 

(35.)  Eip.  Fig.  15  represents  an  elegant  experiment 
on  the  same  principle,  called  the  electrical  belts.  A 
glass  stem  is  surmounted  by  a  brass  ball  A,  having  two 
transverse  bars,  also  of  brass,  from  the  extremities  of 
which  four  chrdns  support  four  small  bells  B,  B,  B,  B. 
Upon  the  lower  part  of  the  glass  rod,  a  fifth  bell  B 
is  affixed,  having  a  chain  C  to  communicate  with  the 
earth.  Four  silken  threads  from  the  transverse  bars 
serve  to  carry  four  small  brass  balls,  which  play  be-* 
tween  the  tour  exterior  bells  and  the  central  one. 
Upon  a  communication  being  made  between  the  ball 
A,  and  the  electrified  conductor  of  a  machine,  the  four 
brass  balls  strike  the  four  outer  bells,  and  the  inner 
one,  alternately ;  and  thus  the  electricity  is  trans- 
mitted from  the  cap  A  to  the  outer  bells,  and  thence 
carried  by  portions  upon  the  b;dls  to  the  inner  bell, 
from  whence  it  escapes  to  the  earth. 

(*26.)  Eip.  Employing  the  pointed  wire  ^^.  5,  let  & 
small  piece  of  sealing-wax  be  afiixed  to  one  end  of  it, 
while  the  other  end  is  inserted  into  the  hole  at  the 
end  of  the  prime  conductor.  Let  the  wax  be  softened. 
by  the  Jlame  of  a  candle,  and  then  put  the  machine  in 
motion.    The  melted  wax  becomes  a  conductor,  and 
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in  eottseqtienee  of  the  repulsion  of  its  electrified  par- 
Cicif %  fine  filaments  of  w^x  are  thrown  out  from  the 
iDeliai  mass,  and  mny  be  collected  in  tlve  form  of  a 
fine  wool  upon  a  paper  licld  underneath* 

(^.)  Erp.  Suspend  a  small  metallic  bucket  filled 
with  water  from  the  prime  conductor,  and  place  in 
the  water  one  end  of  h  g-lass  siphon,  formed  of  a 
g^ass  tube  with  a  capillary  bore,  such  that  the  water 
will  scarcely  drop  from  it.  Upon  turning  the  cylinder 
so  as  to  convey  clectncity  to  the  bucket,  the  water 
imraediately  flows  in  a  stream  ;  and  if  the  electrical 
excitement  be  very  powerful,  the  descending  current 
will  separate  into  several  branches.   (Boze,  Nollet.) 

(28.)  Esp,  Let  a  sponge  saturated  with  water  be 
suspended  from  the  prime  ronductor  of  an  electrical 
machine-  The  water  will  at  first  only  drop  gradually 
fioin  the  sp>onge,  but  when  the  conductor  shall  have 
become  strongly  electrified,  the  drops  will  fall  plenti- 
fully, and  in  the  dark  produce  the  appearance  of  a 
luminous  shower  of  rain. 

Electrical  light. 

(^.)  We  hare  already  more  than  once  incidentally 
admted  to  the  phenomenon  of  liglit,  as  a  frct[nent 
accompaniment  of  electrical  excitation,  and  the  pre- 
ient  appears  to  us  at  leasts  a  convenient  opportunity 
fiir  taking  a  general  view  of  the  circumstances  which 
ijipear  to  influence  its  production. 

It  was  the  opinion  of  the  early  electricians,  that 
the  light  wMch  they  ob serve dj  was  the  electric  fluid 
itself,  which  became  luminous  at  some  certain  de- 
gree of  accumulation.  The  analogous  fact,  however, 
of  common  atmospheric  air  becoming  luminous  by 
violent  compression,  led  M.  Biot  to  the  supposition 
that  the  electrical  light  also  might  be  occasiorted  by 
the  same  mechanical  process  j  in  short,  that  it  was 
caused  by  the  powerful  pressure  exerted  upon  the 
air  by  the  impact  of  electricity  in  its  passage  through 
that  resisting  medium,  {Jn,  deChimit*,  torn.  liii.  p.  3*21.) 
The  series  of  facts,  and  the  judicious  observations 
made  upon  them  by  this  able  philosopher,  will  form 
the  substance  of  our  present  paragraph  upon  electrical 
light  i  for  it  is  a  singular  circumstance  that  by  fiir  the 
greater  part  of  the  modern  treatises  upon  electricityj 
which  have  appeared  in  this  country,  have  issued  from 
the  pens  of  the  makers  of  electrical  apparatus,  oj 
lecturers  upon  this  science  j  and  conscc|ucndy,  how- 
ever Taluable  these  works  may  be  in  some  practical 
detiuls,  they  appear  rather  deficient  in  clearness  of 
ivningement  and  philosophical  generalization. 

Having  premised,  as  a  necessary  caution,  that  ex- 
periments upon  electrical  light  must,  generally,  be 
carried  on  in  a  dark  room,  we  proceed  to  our  task. 
If  the  sparks,  which  repeatedly  pass  between  two 
electrified  conducting  bodies,  be  observed  through  a 
glass  prism,  the  ordinary  colours  produced  by  the 
decomposition  of  light  will  be  obtained,  (Wolla»*lon 
PhiL  Trans,  ISCZ  ;)  but  the  prevailing  tint  of  colour 
win  vary  according  to  the  diftercnt  substances  through 
which  the  spark's  pass,  or  from  which  they  are  ab- 
stmcted.  Additional  confinnation  is  brought  forward 
by  the  experiments  of  Dr.  Brewster,  in  favour  of  the 
opiaion  that  electrical  lighl  docs  not  differ  from  ordi- 
nary light.  This  able  experimentalist  found  that  it  is 
capable  of  undergoing  polarization,  either  by  trans- 
fubsion  through  a  doubly  refracting  crystal,  or  by 
refleetlon  at    the   projier   polarizing  angle,   from  a 


polished  plane  surface^  or  by  oblique  refraction  through    Chap,  f . 
a  pile  of  glass  plates.  ^^*■^^^^-■» 

In  atmospheric  air,  and  under  the  ordinary  pressure ; 
when  electricity  passes  by  explosion  from  one  metallic 
body  in  order  to  enter  another  metallic  body,  the 
light  is  white  |  but  if  we  present  a  finger  to  an  elec- 
trified conductor,  the  spark  produced  is  violet.  If  one 
of  the  bodies  concerned  in  the  explosion  be  a  green 
plant,  or  water,  or  ice^  the  light  i.s  red.  Lastly,  even 
between  the  same  two  metallic  conductors,  the  colour 
may  vary  from  the  most  brilliant  white  to  the  most 
delicate  violet  j  according  to  the  distance  through 
which  the  electricity  is  tnmsmitted,  and  according  to 
the  resistance  of  the  medium  which  it  is  compelled  to 
traverse. 

To  prove  the  former  of  these  propositions  ^  aflSx  a 
metallic  wire,  terminating  in  a  sharp  point,  to  the 
extremity  of  the  prime  conductor  of  a  machine,  ar- 
ranged for  the  production  of  vitreous  electricity. 
Having  set  the  machine  in  action,  present  towards 
the  point  of  the  wire  one  of  the  metal  balls  of  fig.  7» 
When  the  surface  of  the  sphere  is  near  to  the  point, 
the  transmission  of  electricity  will  take  place  in  a 
continued  succession  of  small  sparks  of  briUiant 
whiteness,  passing  to  the  nearest  part  of  the  metal 
sphere.  This  whiteness  will  decrease  and  tend  to- 
wards a  red  colour,  as  the  striking  distance  of  the 
bodies  is  gradually  increased-  The  explosions  will 
then  no  longer  be  directed  towards  one  point  upon 
the  sphere,  but  will  strike  various  points  throughout 
a  certain  extent  of  its  surface  ;  and  at  last,  at  some 
greater  distance,  there  will  no  longer  be  a  sharp  ex- 
jilosion,  but  a  cone  of  feeble  violet  light  will  diverge 
from  the  extremity  of  t!ie  point,  and  will  extend  its 
base  over  the  nearest  half  of  tlie  sphere.  In  this  case, 
iustead  of  the  crackling  which  the  sparks  produced^ 
we  hear  only  a  sort  of  continued  hissing;  the  cone  of 
light  will  gradually  become  more  feeble  as  the  dis- 
tance increases,  and  at  some  distance  of  separation 
will  altogether  cease  to  be  perceptible. 

Such  is  the  effect  produced  by  an  increased  distance 
in  a  medium  of  which  the  density  remains  constant; 
but  the  same  effect  may  be  produced,  the  distance  re- 
maining invariable,  by  causing  an  idteration  in  the 
density  of  the  mediimi.  Take  a  glass  vessel  in  the 
shape  of  an  ellipsoid,  fig.  16,  pierced  at  the  two  ex* 
tremities  of  its  major  axis  for  the  reception  of  two 
metallic  rods,  each  terminated  by  the  half  of  a  metal 
sphere.  These  wires  are  to  pass  through  an  air-tight 
plug,  so  that  by  sliding  them  up  or  down,  they  may  be 
fixed  in  the  interior  of  the  vessel  at  any  required  dis- 
tance from  each  other.  Let  one  of  the  apertures  be 
furnished  with  a  stop-cock  and  screw,  by  which  it 
may  be  fitted  to  the  plate  of  an  air  pnmp.  Having 
made  the  upper  wire  comnumicate  with  the  prime 
conductor  of  a  machine ^  while  the  lower  one  com- 
municates with  the  earth,  transmit  the  electrical  cur- 
rent through  the  two  rods,  and  adjust  their  two 
extremities  so  that  the  transmission  may  be  effected 
by  an  almqst  continual  succession  of  vivid  sparks 
from  one  hemisphere  to  the  other.  In  this  case  the 
ligtit  is  white,  as  in  the  former  experiment,  when  the 
sphere  was  sufficiently  near  to  the  point  for  the  elec- 
tricity to  pass  by  explosion.  But  now  let  the  density 
of  the  air  within  the  receiver  be  gradually  diminished, 
the  transmission  from  one  ball  to  the  other  will  take 
place  before  the  electricity  shall  have  attained  to  the 
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Practical  same  degree  of  intensity  upon  the  heniisphere.  In 
Electricity,  this  case  the  Avhiteness  of  the  light  is  seen  to  di- 
'^^-^V^"^  miiiish^  and  it  gradually,  changes  to  a  violet  tint. 
Thus,  in  these  two  experiments,  the  progressive 
changes  in  the  colour  of  the  light  are  attendant 
upon  the  diminution  of  intensity  in  the  electricity 
transmitted.  The  only  difference  in  the  two  cases  is, 
that  in  the  former  the  diminution  is  occasioned  by 
the  increase  of  the  distance,  by  which  the  communi- 
cated electricity  is  expanded  throughout  a  greater 
space  5  while  in  the  latter,  of  the  rarefied  air,  the 
intensity  of  the  electricity  is  weakened  by  the  dimi- 
nution of  resistance  in  the  medium,  which  allows  of 
Us  escape  through  a  given  distance,  at  a  lower  degree 
of  accumulation.  According  to  this  view,  we  might 
suppose  that  in  different  experiments,  where  the  same 
degree  of  rarefaction  is  employed,  the  more  intense 
the  electricity  transmitted,  the  whiter  would  be  the 
light.  And  this  is  found  to  be  the  case,  for  if  we  make 
the  discharge  of  a  strong  electrical  battery  pass  through 
a  small  tube,  exhausted  as  completely  as  is  possible 
by  the  best  air  pump,  the  light  produced  by  this 
highly  accumulated  electricity  is  of  the  most  brilliant 
whiteness. 

(30.)  The  luminous  trace  which  electricity  produces 
in  passing  through  the  air  out  of  conducting  bodies, 
varies  also  with  their  figure.  When  a  spherical  and 
iminsulated  conductor  is  presented  at  a  distance  to- 
ivard  a  fine  point  vitreously  electrified,  we  have 
already  seen  that  a  luminous  cone  is  formed,  having 
its  vertex  at  the  extremity  of  the  point.  Should  the 
sphere  be  removed,  and  the  point  remain  in  the  air, 
the  cone  becomes  changed  into  a  small  luminous  brush 
or  pencil  of  diverging  rays.  This  pencil  is  much  more 
beautiful  and  powerful  if  the  point,  instead  of  being 
extremely  fine,  is  a  little  rounded  at  its  extremity  -,  so 
that  a  powerful  condensation  of  electricity  may  take 
place,  not  only  upon  one  minute  point,  but  may  ex- 
tend over  rather  a  larger  surface,  though  with  a  some- 
"what  diminished  intensity.  We  have  supposed  the 
point  to  be  vitreously  electrified,  but  when  resinous 
electricity  is  communicated  to  it,  the  pencil  of  light 
is  no  longer  seen,  but  only  a  minute  star  of  bright 
light. 

M.  Biot  considers  that  it  is  at  present  impossible  to 
account  for  these  differences  of  appearance,  but  that 
it  is  probable  that  they  depend  upon  the  nature  of  the 
two  electricities,  and  upon  the  manner  in  which  they 
act  upon  the  air  in  the  circumstance  of  their  trans- 
mission ;  particulars  of  which  we  are  utterly  ignorant. 
The  advocates  of  Franklin's  doctrine  consider  that 
these  experimients  upon  electrical  light,  are  favourable 
to  the  hypothesis  of  one  electrical  fluid,  as  we  shall 
hereafter  explain. 

(31.)  From  all  these  researches,  we  learn  that  the 
intensity  of  the  electrical  light  depends  always  upon 
.  the  ratio  existing  between  the  quantity  of  electricity 
transmitted,  and  the  resistance  of  the  medium  through 
which  it  has  to  pass.  There  can  be  no  doubt  but  that 
at  the  instant  of  the  explosion,  this  medium  is  struck, 
compressed,  and  suddenly  driven  back  upon  itself  j 
also  when  it  is  elastic  it  undergoes  a  momentary  ex- 
pansion, which  we  may  make  apparent  by  a  direct 
•f.  experiment.    For  this  purpose  we  may  employ  what 

Ws  ak"  '^  called  the  electrical  air  thermometer  of  Kinnersley. 
thermomc-  In  fig.  17,  A  B  is  a  wide  glass  tube,  having  its  ends 
ter.  closed  by  two  air-tight  caps  A  and  B.   Through  these 


caps  two  wires,  T,  T,  slide  in  the  direction  of  theaads  CI 
of  the  tube,  terminated  by  brass  balls,  so  that  by  re-  K^m 
gulating  the  distance  between  these  two  balls,  a  strong 
spark  must  be  collected  to  pass  through  the  interval  of 
air  between  them.  At  the  lower  extremity  there  is 
adapted  to  an  aperture  in  the  cap  another  small  tube^ 
t  t,  bent  at  right  angles,  and  through  this  tube  a  suf- 
ficient quantity  of  mercury  is  introduced,  to  fill  the 
lower  part  of  both  the  tubes.  Having  formed  a 
communication  between  one  wire  T  and  the  earth, 
and  leaving  the  other  wire  to  communicate  with  the 
prime  conductor  of  an  electrical  machine  in  action, 
the  electricity  will  pass  by  sparks  from  one  wire  to 
the  other,  and  at  each  spark  the  air  in  the  cylinder 
being  dispersed  by  the  repulsive  force,  presses  upon 
the  surface  of  the  mercury,  which  is  thus  compelled 
to  rise  in  the  smaller  tube,  but  descends  again  immer 
diately  after  the  explosion.  This  motion  then  de- 
monstrates the  separation  produced  between  the 
particles  of  the  mass  of  air  through  which  the  dis- 
charge takes  place  -,  and  if  we  take  into  consideration 
the  unmeasured  and  immense  velocity  of  the  motion 
of  electricity,  we  shall  plainly  perceive  that  the  par- 
ticles of  air,  immediately  exposed  to  its  impact,  ought, 
in  the  first  instant,  to  undergo  individually  all  the 
effect  of  compression.  From  that  cause  alone  they 
ought  to  disengage  light,  the  same  as  when  they  are 
subjected  to  any  other  mechanical  compression.  Thus 
one  part  at  least  of  the  electrical  light  is  necessarily 
due  to  this  cause,  and  there  is,  moreover,  no  experi- 
mental ground  for  supposing  that  any  other  cause 
assists  in  the  production  of  this  phenomenon. 

It  may  possibly  be  adduced  as  an  objection  to  this 
hypothesis,  that  the  electrical  light  is  produced  in  a 
vacuum.  But  let  it  be  remembered,  that  what  we 
inaccurately  term  a  vacuum,  is,  in  truth,  only  a  space 
still  containing  some  attenuated  vapour  or  other.  The 
barometric  vacuum  is  filled  with  a  mercurial  atmos- 
phere, and  it  seems  impossible  to  obtain  a  space 
entirely  devoid  of  some  metallic  vapour,  even  by 
those  methods  which  have  so  long  been  supposed  per- 
fect in  this  respect.  (Sir  H.  Davy,  Phil  Trans.  1822.) 
By  employing  the  very  best  air  pump,  although  the 
rstrefaction  of  air  appears  to  us  great,  yet  its  pressure 
is  not  reduced  to  the  thousandth  part  of  what  it  was 
at  first}  and  in  the  best  possible  barometric  ex- 
haustions, the  apparent  vacuum  is  never  filled  by  the 
Vapour  of  mercury  only.  A  medium  of  this  kind, 
though  appearing  to  our  ideas  greatly  attenuated,  must 
offer  some  resistance,  and  oppose  some  degree  of 
reaction  to  a  velocity  so  great  as  that  possessed  by 
electricity.  In  such  a  case  the  widely  separated 
molecules  of  which  it  consists,  may  be  acted  upon 
by  an  electrical  discharge,  tending  to  push  them  aside 
with  a  rapidity  greater  than  they  are  able  to  accom- 
modate. By  this  effect,  they  Must  undergo  compres- 
sion among  themselves,  with  a  disengagement  of  light 
and  heat,  but  to  a  much  less  extent  than  would  have 
taken  place  in  a  denser  gas,  exposed  to  the  same 
discharge. 

Should  it  be  objected  that  electricity  of  great  in- 
tensity is  capable  of  producing  a  spark  also  under 
water,  as  may  be  proved  by  discharging  a  battery 
through  conductors  at  a  very  small  distance  from, 
each  other  immersed  in  water,  the  argument  cjon  not 
avail  much  ;  for  in  all  water  there  is  a  portk>n  of  air^ 
in  the  state  of  mechanical  admixture;^  among  its 


Etint  particles,  by  which  the  effect  might  in  part  be  ac- 
titSdj*  couQted  fur  j  but  the  water  also  has  long  been  sup- 
posed, and  has  recently  in  this  country  been  satisfac- 
t<*rily  prored,  to  be  a  compressible  Huid,  whicli 
enables  us  ta  account  for  the  phenomenon  of  electrical 
light  on  the  hypothesis  already  advanced  for  that 
purpose. 

Lastly,  it  may  be  askedj  why  should  the  electric 
light  be  violet  when  the  electricity  is  feeble,  and 
white  when  produced  by  a  violent  discharge.  This 
variation  in  its  tints  still  further  explains  its  origin; 
for  it  may  be  seen  also  in  combustible  substances, 
according  as  the  combustion  is  slow  or  rapid,  that  is 
to  say,  according  as  the  oxygen  which  in  that  com- 
bostion  is  absorbed  from  the  air,  is  condensed  with 
greater  or  less  rapidity.  The  light  which  sulphur 
disengages  when  it  begins  to  burn  is  violet,  tdso  like 
that  of  teeble  electricity  i  but  the  light  of  sulphur  in 
Ti^rous  combustion  is  white. 

Upon  a  review  of  these  arguments  it  appears,  1st, 
(hat  electrical  light  is  certainly  produced,  in  part  at 
ka£t^  by  the  mechanical  compression  of  the  air,  the 
rapours,  and,  in  general,  the  various  constituents  of 
the  medium  through  which  the  passage  of  electricity 
is  effected,  ^nrlly.  That  there  h  no  analogy  opposed  to 
the  supposition  of  all  the  light  accompiuiying  a  dis- 
charge proceeding  from  that  cause.  Srdly,  And  that 
DO  other  cause  is  suggested  or  even  indicated  by  the 
phenomena. 

Eiperiments  on  electrical  Ught. 

(32.)  Perhaps  the  most  sini[de  and  not  the  least 
interesting  experiments  upon  electrical  light,  depend 
upon  its  passage  from  one  conducting  body  to  nn other. 
Exp.  L^t  a  number  of  email  circles  of  tin-foil  be 
pusted  in  a  spiral  form  round  a  glass  tube,  fig.  IS,  so 
that  the  discs  may  be  about  .^'^th  of  an  inch  from 
each  other.  If  this  tube  be  held  towards  the  prime 
conductor  of  an  electrical  machine  in  action,  or  in 
any  other  way  placed  in  an  electrical  circuit,  the 
simultaneous  passage  of  the  sparks  from  one  disc  16 
another^  wdl  produce  a  spiral  line  of  light  identical 
with  the  course  of  the  tin-foil  round  the  tube.  In  a 
similar  mzmoer  any  word  or  picture  may  be  arranged 
upon  a  glass  plate,  so  as  to  become  illuminated  by  the 
transmission  of  electricity  in  the  dark. 

(33.)  Exp.  Place  a  Inmp  of  sug:ir  In  contact  with 
the  exterior  coating  of  a  charged  jar  ;  bring  one  of 
the  balls  of  the  discharger,  fig.  8^,  into  contact  with 
the  sugar,  and  let  the  other  ball  be  extended  so  as  to 
touch  the  knob  of  the  jar  ;  upon  the  passage  of  the 
dkcfaarge  through  the  sugtir,  its  whole  mass  will  be- 
come beautifully  illuminated,  and  will  so  continue  for 
a  second  or  two, 

(34.)  Exp,  "  Attach  one  wire  to  the  outside  coating 
of  a  charged  jar,  and  another  to  one  of  the  branches 
of  the  discharging  rod  ;  and  having  placed  their  other 
ends  at  the  distance  of  Ath  of  an  inch,  press  the 
thumb  upon  the  two  ends.  Bring  the  other  branch 
of  the  discharging  rod  in  contact  with  the  knob  of  the 
jar,  which  being  thus  discharged,  the  spark  will  pass 
under  the  thumb,  and  illuminate  it  in  such  a  manner, 
that  the  bone  and  the  principal  blood  vessels  may  be 
readily  observed.'*     {Brewster.) 

(35.)  Exp.  Let  two  pointed  wires  be  inserted  obli- 
quely into  a  piece  of  soft  deal,  so  that  the  points  of 
the  wires  may  be  an  inch  distant  from  each  other,  and 
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at  different  depths  below  the  surface  of  the  wood,  ia 
the  direction  of  the  longitudinal  fibre.     Upon  passing  ^ 
a  strong  spark  from  one  to  the  other,   the  wood  will 
become   illuminated,  and  the  spark  seen  at  different 
depths  will  appear  under  dilTcrent  variations  of  colour, 

(3G.)  Exp.  Let  a  short  chain  be  laid  upon  a  table, 
one  end  of  the  chain  being  in  contact  with  the  outside 
coating  of  a  charged  jar,  and  let  another  piece  of 
chain  be  placed  with  its  extremity  within  |th  of  an  inch 
of  the  end  of  the  first  cham.  Upon  these  two  ends 
place  a  glass  filled  with  water,  and  with  the  dii?charg- 
ing  rod  form  a  communication  between  the  latter 
chain  and  the  knob  of  the  jar.  At  the  instant  of  the 
electrical  discharge,  the  whole  glass  of  %vater  will 
become  brilliantly  illuminated. 

(37.)  Exp.  **  Insulate  a  large  brass  ball,  and  con- 
nect with  it  a  silver  thread  of  two  or  three  yards  long, 
the  other  extremity  of  which  is  held  in  the  hand  ; 
when  sparks  are  made  to  strike  upon  the  brass  ball, 
the  whole  of  the  thread  will  be  rendered  faintly  lu- 
minous." (Singer.)  The  same  experiment  may  be 
performed  with  a  long  continuous  strip  of  gold-leaf 
about  ^th  of  an  inch  in  width. 

(38.)  Exp,  Let  a  glass  cylinder,  three  feet  long  and 
three  inches  in  diameter,  be  fitted  with  air-tight  metal 
caps  at  each  eud^  so  arranged,  that  by  a  stop-cock  and 
screw  at  one  end,  the  cylinder  may  be  fitted  to  the 
air  pump  for  exhaustion.  Let  there  be  a  sliding  wire 
passing  through  the  opposite  end,  carrying  a  circular 
brass  disc  within  the  cylinder,  so  that  the  disc  may  be 
placed  at  any  rerjuircd  distance  from  the  plate  closing 
the  opposite  end  of  the  cylinder.  If  now  the  upper 
end  of  the  wire  be  made  to  communicate  with  the 
prime  conductor  of  a  machine,  and  the  lower  plate 
with  the  earth,  the  air  being  exhausted  from  the 
cylinder,  a  beautiful  aheet  of  light  will  pass  from  the 
u|»per  to  the  lower  plate.  This  column  of  fire  will  he 
of  more  or  less  perfect  continuity  and  regularity,  in 
projiortion  to  the  degree  of  exhaustion  produced 
within  the  cylinder  by  the  action  of  the  air  piiinp, 
(Watson.) 

(39.)  Exp,  Let  the  plates  of  the  apparatus  last  de- 
scribed, be  placed  at  thcdistanceofahouttcn  inchesfrora 
each  other,  and  through  this  interval  discharge  a  com- 
mon Lcydcn  jar.  The  passage  of  the  charge  from  one 
plate  to  another  will,  if  the  vacuum  be  good,  produce 
one  continuous  and  brilliant  body  of  fire.   (Watson.) 

(40.)  Exp.  "  Seal  a  short  iron  or  platina  wire  within 
one  extremity  of  a  glass  tube  thirty  inches  long,  so 
that  the  wire  may  i>roject  a  little  within  its  cavity, 
and  screw  a  ball  upon  the  exterior  end  of  the  wire  ^ 
fill  the  tube  with  quickflllver,  and  invert  it  in  a  basin 
of  the  same,  thus  iiroducing  a  Torricellian  vacuiun  in 
the  upper  part  of  the  tube.  A  sparky  which  in  the 
open  air  would  only  pass  through  a  quarter  of  an  inch, 
will  pervade  six  inches  of  this  vacuum  with  facility  j 
and  if  the  quicksilver  be  connected  with  the  ground, 
a  current  of  faint  light  will  pa^^s  through  the  upper 
part  of  the  tube,  whenever  its  ball  is  brought  near  to 
an  electrified  conductor.  By  passing  up  a  drop  of 
ether  or  water,  an  atmosphere  of  the  vapour  of  cither 
of  these  substances  may  be  produced  in  the  tube. 
In  such  a  medium  the  current  of  electrical  light 
assumes  various  colours,  which  vary  with  the  density 
of  the  medium.  In  the  vapour  of  ether,  a  spark 
viewed  near  is  green,  but  at  some  distance  it  appears 
of  a  red  colour.    By  this  apparatus  the  spark  in  ay  be 
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Practical  examined  in  its  passage  throngh  different  gases.  In 
Electricity,  hydrogen  it  appears  faint  and  red,  in  carl^nic  acid 
^**^V^*^  gas  it  is  white,  as  also  in  condensed  air. 

(41.)  Exp.  Present  an  insulated  sheet  of  paper  to 
the  end  of  a  vitreously  electrified  conductor  at  some 
small  distance.  A  beautiful  star  of  radiating  light 
will  be  projected  upon  the  paper.  If  the  conductor 
be  charged  with  resinous  electricity^  no  star  will  ap- 
pear, but  a  cone  of  rays  will  be  seen,  the  vertex  of 
which  is  at  the  conductor^  and  the  base  upon  the  plane 
of  the  paper. 
Spuk,  For    numerous    observations    upon    the   electric 

spark,  we  are  indebted  to  Messrs.  Brooke,  Nicholson^ 
and  other  early  electricians.  It  appears  that  in  a  me- 
dium of  given  resistance^  such  as  the  atmospheric  air^ 
the  form  of  the  spark  varies  with  the  forms  of  the 
conductors  from  which  it  is  emitted,  and  by  which  it 
is  received.  Thus,  if  it  be  taken  from  a  ball  twx)  or 
three  inches  in  diameter,  it  will  move  in  a  straight 
line ;  but  if  a  spark  of  the  same  power  be  taken  from 
a  ball  half  an  inch  in  diameter^  it  will  move  in  a  zig- 
zag direction  through  the  air. 

The  absolute  length  of  the  spark  seems  to  depend 
upon  several  circumstances^  such  as  the  form  and 
magnitude  of  the  conductors  employed  for  its  trans- 
mission, and  the  part  of  their  surface  from  which  it 
is  received,  also  the  intensity  of  the  electricity  com- 
municated to  them.  Mr.  Brooke  constructed  a  sin- 
gular conductor,  formed  of  about  twenty  rods  of 
wood  seven  feet  in  length  and  |>ths  of  an  inch 
in  diameter^  coated  with  tin-foil,  and  all  connected 
together  in  the  form  of  a  gridiron.  The  power  of 
giving  sparks  possessed  by  this  instrument  was  by  no 
means  considerable.  A  longer  spark  may  be  obtained 
from  a  brass  ball  of  two  inches  in  diameter,  affixed 
by  a  stem  to  the  prime  conductor,  than  from  any  part 
of  the  conductor  itself.  It  is,  however,  unnecessary 
to  multiply  these  observations,  for  every  case  of  the 
kind  may  be  clearly  accounted  for,  and  even  foreseen 
from  the  principles  of  electrical  distribution  hereafter 
to  be  explained.  It  may,  however,  be  interesting  to 
exhibit  by  a  few  diagrams  the  differences  observed  in 
the  appearances  of  sparks  produced^  by  the  two  op- 
posite electricities.  Fig.  19  represents  the  straight 
form  of  a  spark  passing  from  a  ball  A  at  the  extremity 
of  a  resinously  electrified  conductor,  to  a  ball  B  in  its 
natural  state.  In  fig.  20  the  ball  A  is  vitreous,  and  B 
in  its  natural  state.  In  fig.  21  the  ball  A  is  resinous^ 
and  the  ball  B  vitreous.  Fig.  22,  23  and  24,  repre- 
sent conducting  rods  placed  parallel  to  each  other, 
under  the  following  circumstances  :  In  fig.  22  B  is 
vitreously  electrified,  and  A  in  its  natural  state  con- 
nected with  the  earth.  In  fig.  23  A  is  electrified 
resinously, and  B  connected  with  the  earth.  In  fig.  24 
A  is  resinous,  and  B  is,  vitreous ;  the  form  of  the  sparks 
produced  in  all  these  cases^  will  be  seen  by  a  sim'jple 
inspection  of  the  figures.    ' 

Having  now  arrived  at  the  conclusion  of  those 
experiments,  which  may  result  from  the  direct  action 
of  the  electrical  machine,  we  proceed  to  describe,  as 
far  as  our  limits  may  permit,  a  few  of  the  most  recent 
improvements  introduced  into  the  mechanical  con- 
struction of  electrical  apparatus. 

Naimet  electrical  machine. 

Naime'a  (42.)  One  other  machine,  actuig  by  a  glass  cylin- 

naddne.     der^  is  all  that  we  consider  it  of  importance  liere  to 


describe.  Fig.  25  is  a  representation  of  this  iastni-  ^ 
ment,  the  parts  of  which  are  sufiiciently  obvious  with-  ^ 
out  any  minute  and  detailed  description.  The  peculiarity 
of  this  machine  consists  in  its  having  two  conductor^ 
placed  parallel  to  the  cylinder,  the  one  A,  connected 
with  the  rubber^  for  the  reception  of  resinous  elec- 
tricity, and  the  other  B,  near  to  the  termination  of 
the  oil-silk  flap,  for  the  reception  of  vitreous  electricity. 
This  instrument  was  made  by  Mr.  Naime,  and  for  all 
purposes  of  experimental  research,  wherein  sometimes 
one  electricity  is  required,  and  sometimes  the  other, 
it  is  a  most  valuable  piece  of  apparatus.  If  a  com- 
munication be  formed  by  a  chain  passing  from  one 
conductor  to  another,  no  permanent  excitation  is 
produced,  as  the  vitreous  and  resinous  electricities 
immediately  reunite ;  and  of  course  to  obtain  either 
electricity  in  considerable  quantity  from  its  appro- 
priate conductor^  the  other  conductor  must  have  free 
communication  with  the  earth. 

Descriptions  of  several  of  the  earlier  cylinder  and 
globe  machines,  may  be  seen  in  Priestley  s  History  of 
Electricity.  ' 

(43.)  The  plate  machine,  wherein  the  excitation  of  Inj 
electricity  is  produced  by  the  friction  of  a  large  cir-  ^^ 
cular  disc  of  glass  instead  of  the  cylinder,  is  said  to  ^ 
have  been  invented  by  Ingenhouz,  and  certainly  forms 
an  elegant  and  valuable  addition  to  our  electrical 
apparatus. 

Fig.  26  is  a  representation  of  this  instrument  in 
one  of  its  most  common  forms,  as  first  constructed  bj" 
Mr.  Cuthbertson  j  the  arrangement  and  use  of  every 
part  is  too  obvious,  from  a  mere  inspection  of  the  plate, 
to  fequire  any  more  specific  description. 

The  plate  machines  are,  on  the  whole,  perhaps, 
preferable  to  those  constructed  in  the  cylindrical 
form )  but  it  was  always  a  matter  of  great  difficulty 
so  to  insulate  the  rubbers,  as  to  obtain  their  resinous 
electricity  if  required.  To  effect  this  purpose,  they  ' 
have  frequently  been  mounted  upon  glass  feet,  by  which 
the  whole  machine  may  become  insulated  3  but  the 
elegant  contrivance  employed  in  the  splendid  instru- 
ment next  to  be  noticed,  has  entirely  obviated  this 
inconvenience. 

(44.)  The  celebrated  machine  constructed  for  the  Tc 
Teylerian  Museum  at  Haerlem,  under  the  direction  of  ul 
Dr.  Van  Marum*,  has  produced  some  of  the  finest 
experiments  with  which  electricity  has  yet  been  en- 
riched. It  forms  an  almost  perfect  model  for  the 
construction  of  similar  apparatus ;  and  as  we  have, 
by  omitting  the  inferior  instruments,  obtained  some 
space  which  may  be  devoted  to  more  valuable  matter, 
we  feel  that  we  cannot  better  dispose  of  some  por- 
tion of  this  space  than  by  a  description  of  this 
magnificent  instrument. 

Fig.  27  "  exhibits  a  perspective  view  of  the  machine. 
The  cushions  are  each  separately  insulated  upon  pillars 
of  glass,  and  are  applied  nearly  in  the  direction  of  the 
horizontal  diameter  of  the  plate.  The  ball,  diame- 
trically opposite  to  the  handle,  is  the  prime  conductor, 
and  the  semicircular  piece  with  two  cylindrical  ends 
serves,  in  the  position  of  the  drawing,  to  receive  the 
electricity  from  the  plate.  By  the  happy  contrivance 
of  altering  the  position  of  this  semicircular  branch 
from  vertical  to  nearly  horizontal,  the  cylindrical 
ends  may  be  placed  in  contact  with  the  cushions,  and 
the  prime  conductor  instantly  exhibits  negative 
electricity.    But  as  it  is  necessary  that  the  cushioae 
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sbotalcl  communicate  with  the  groimd  when  the  posi- 
tive power  ii  wanted,  and  that  they  should  be  in- 
ndated  when  the  negative  power  is  required,  there  is 
snother  semicircular  branch  applied  to  the  opposite 
sitle  of  the  plate,  nearly  at  right  angles  to  the  first. 
That  IS  to  saVj  when  positive  electricity  is  wanted, 
the  second  branch,  denoted  by  1 1  iu  t^^  section,  fig, 
W,  is  placed  nearly  horizontid,  and  forms  a  commu- 
vication  from  the  cushions  to  the  ground,  through  a 
mctallie  rod  from  K,  behind  the  mahogany  pillar 
which  supports  the  axis ;  but  when  on  the  contrary 
the  negative  power  is  wante(J,  and  the  branch  from 
the  prime  conductor  is  placed  in  contact  with  the 
cushions,  this  other  branch  from  the  axis  is  put  into 
the  vertical  situation,  and  carries  off  the  electricity 
emitted  from  the  plate  of  glass. 

"  The  axis  of  the  plate  B  h,  fig,  2B,  is  supported  by 
a  single  column  A,  which  for  that  f)uri)ose  is  provided 
with  a  bearing  piece  K,  on  which  two  brass  collar 
pieces  D  D,  represented  more  at  large  and  in  face  at 
fig.  30,  are  fixed  and  carry  the  axis  itself.  The  dia- 
meter of  the  glass  plate  is  thirty -one  English  inches. 
The  axis  has  a  counterpoise  O  of  lead  to  prevent  too 
great  friction  in  the  collar  D  nearest  the  handle.  The 
arc  of  the  conductor  EE,  which  carries  the  tw^o  small 
receiving  conductors  FF,  is  lixed  to  the  axis  Ct, 
which  turns  in  the  ball  IL  On  the  other  side  of  the 
glass  plate  is  seen  the  other  arc  II  of  brass  wire  half 
-101  inch  in  diameter,  fixed  to  the  extremity  of  the 
\g  piece  K,  so  that  it  may  be  turned  in  the  same 
iner  as  the  arc  E  E,  The  two  receiving  conductors 
F,  are  six  inches  long,  and  two  and  a  h^df  inches  in 
diameter.  The  double  line  P  represents  a  copper 
tube  terminating  in  a  ball  Q.  It  moves  hke  a  radius 
upon  the  stem  R  of  the  ball  S,  which  being  screwed 
into  the  conductor  II,  serves  to  confine  the  arm  F  in 
any  position  which  may  be  required.  The  diameter 
of  the  ball  S  is  only  two  inches,  which,  together  with 
certain  other  less  rounded  parts  of  this  apparatus, 
may  serve  to  show  that  the  considerable  electricity 
from  this  machine  is  (in  Mr.  Nichf>lson*s  opinion)  less 
disposed  to  escape  than  if  it  had  proceeded  from  a 
cy Under.  The  dissipation  of  electricity  along  the 
glass  supports,  is  prevented  by  a  kind  of  cap  T  of 
mahog&ny,  which  affords  an  electrical  well  or  cavity 
underneath  ;  and  likewise  cfTcctually  covers  the  me- 
tallic caps  into  which  the  glass  is  cemeutciJ.  The 
wer  extremity  of  the  cap  is  guarded  in  the  same 
ii»er  by  a  hollow  piece  or  ring  V  of  mahogany, 
which  covers  the  metallic  socket  into  which  the  glass 
h  cemented.  The  three  glass  pillars  are  set  in  sliding 
pieces,  as  marked  on  the  platform  of  fig.  27,  which 
are  nine  inches  long. 

*'  The  rubbers  of  this  machine  differ  in  no  essential 
pATlicular  from  those  described  by  the  inventor,  in  the 
Journal  de  Physique  for  February,  1791  i  and  the  ap- 
pacmtui  for  applying  them  is  described  in  the  same 
work  for  April,  1789.  Fig.  29  represents  a  section  of 
this  judicious  piece  of  mechanism  seen  from  above, 
A  metallic  sliding  piece  b  h,  is  slided  into  a  corres- 
pomient  face  on  the  hall  Z>  which  is  one  of  those 
fixed  on  the  top  of  the  glass  pillars,  near  the  circum- 
ference of  the  glass  plate  in  fig,  f27.  To  this  is 
affixed  the  piece  d  d,  which  terminates  in  two  hinges 
gg,  that  allow  the  springs  ee  to  move  in  tlie  plane 
ol  the  horizon.  The  pieces  gg  represent  the  wood- 
work of  the  cushions  attached  to  the  extremities  of 


the  springs  by  the  liinges  h  h.  The  springs  are  regu- 
lated by  the  bolt  and  screw  i  i.  The  two  cushions  are 
thus  made  to  apply  to  the  plate  equally  through  their 
whole  length ;  the  actions  on  the  opposite  sides  of 
the  plate  are  accurately  the  same,  and  the  play  of  the 
hinges  g  g  prevents  the  plate  from  being  endangered 
by  any  strain  in  the  direction  of  its  axis.  It  is  ccr* 
tain  that  before  this  adecjuate  provision  was  madcj  to 
secure  those  essential  requisites,  it  was  impracticable 
to  apply  the  cushions  to  a  plate  with  the  same  safety 
and  effect  as  to  cylinders^  wliich  possess  much  strength 
from  their  figure, 

'"  The  inner  extremities  of  the  cushions  arc  de- 
fended by  the  plates  of  gum-lac  Y  Y,  which  cover  the 
three  sides  or  edges^  and  prevent  their  attracting  the 
electric  matter  from  the  ends  of  the  receiving  con- 
ductor. 

•'  That  part  of  the  axis  which  moves  between  the 
collars  is  made  of  steel.  The  middle  of  the  non- 
conducting  part  of  the  axis  is  a  cylinder  of  walnut- 
tree  wood  aaaa^  baked  until  its  insulating  power  is 
equal  to  that  of  glass,  and  then  soaked  in  amber 
varnish  w  bile  the  wood  still  remains  hot.  The  two 
extremities  of  this  cylinder,  which  are  of  a  less  dia- 
meter, are  forced,  by  strong  blows  with  a  mallet, 
into  the  stout  brass  caps  h  and  c,  in  which  they  are 
retainetl  by  three  iron  screws  d  d*  The  cylinder  a  a, 
and  the  brass  caps,  are  covered  with  a  layer  of  gum-lac 
eeee^  to  preserve  the  insulating  state  of  the  wooden 
cylinder  more  perfectly,  and  to  prevent  the  cap  h 
from  throwing  flashes  to  the  rubbers.  The  bottom  of 
the  cap  bj  is  screwed  home  upon  the  tapped  extremity 
of  ihe  steel  sixis  B.  The  base  of  the  cap  c,  which  i§ 
four  inches  in  diajiieter,  terminates  in  an  axis  one  inch 
thick,  and  two  in  length,  the  extremity  of  wliich  is 
formed  into  a  screw.  The  glass  plate  is  put  on  this 
projecting  part,  and  secured  in  its  place  by  a  nut  of 
box  wood,  forced  home  by  a  key  applied  in  tlic  holes 
i  i.  Two  rings  of  felt  are  applied  on  each  side  of 
the  glass,  to  defend  its  surface  from  the  contact  of 
the  w^ood  and  the  metal ^  and  the  central  hole  in  the 
glass,  which  is  two  inches  in  diameter,  contains  a  ring 
of  box  wood,  which  prevents  its  immediate  applica- 
tion to  the  axis. 

*'  As  it  is  necessary  that  the  axis  G  9hould  be  pa- 
rallel to  the  axis  of  the  plate,  in  order  that  the  con- 
ductors FF  may  move  parallel  to  the  plate  itself,  the 
pillar  M  is  rendered  adjustable  by  three  bearing 
screws  R Rat  the  bottom,  wliich  react  against  the 
strong  central  screw  T,and  this  is  drawn  downwards  by 
its  nut.  The  conductors  FF  are  also  adjustable  by  the 
sliding  pieces  vi\  and  the  binding  screws  ww^  which 
also  afford  an  adjustment  to  bring  the  axis  of  each 
small  conductor  parallel  to  the  face  of  the  glass  plate. 
A  similar  adjustment  may  be  obsen'cd  at  the  extre- 
mities of  the  arc  1 1. 

**  Fig.  3 1  represents  a  section  of  the  moving  part 
of  the  branch  1 1,  one-half  of  its  real  size,  A  brass 
plate  a«  is  screwed  to  the  face  of  the  capital  K  by 
three  iron  screws  ft.  To  this  is  scrcweil  another  ring^ 
I  fj,  which  affords  a  groove  for  the  movable  ring  7  -7, 
into  w hich  the  arms  II  are  'fixed.  This  is  accord- 
ingly applied  in  its  place  before  the  ring  t  h  is  fixed, 

*'  The  wooden  part  of  the  rubbers  G  G,  fig.  S!9,  is 
covered  with  thin  plates  of  iron,  excepting  the  sur- 
face nearest  the  glass,  llie  intention  of  this  is  to 
maintain  a  more  perfect  communication  between  the 
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al    rubbed  pnrt  of  the  cushion  and  the  earth,  or  the  nega- 

ElietikUy.  tive  conductor,  as  the  case  mny  be. 

'  '*  The  plates  of  gum -lac  Y  Y,  are  applied  to  the 
rubbers,  each  by  meatis  of  a  thin  plate  of  brass  to 
which  they  are  affixed  by  heat.  There  are  two  wires 
rivet  ted  in  these  plates,  which  are  thrust  into  corres- 
pondent holes  in  the  wooden  part  of  the  cushion. 

*'  The  mahogany  column  A,  ends  in  a  square  ff, 
upon  which  the  piece  K  is  fitted,  and  firmly  applied 
by  means  of  the  screw  and  nut  exhibited  in  the 
section."  Nicholson's  4to  Journal,  voL  i.  p*  87,  or 
Journal  de  Physique,  vol  xxxvtii. 


Consult  also  Cavallo*s  Ekctrkitt^ ;  Singer's  Elec-  Oyq^ 
irkUif;  Espinasse,  Phil.  Tram.  176T;  Nicholson,  PhiL  *^ 
Trans.  1789;  Keinmayer,  Jour,  de  Phys.  vol.  xxxiii.;  Chap, 
Hi^gins,  PhiL  Tnuis,  177B  j  Priestley's  Hi^iorjf  of ' 
Elechic'iit/ ;  Pearson's  Machine,  N  icholson*s  Joiir,  voL  i.  | 
Wolf,  in  Gilbert's  Anualeti.  1802  ;  Musnjer's  Machine, 
Mtnu  Acad,  Paris,  1772 ;  St.  Julian's  Machine,  Jour,  de 
Phifs,  17B8j  Ingcnhouz's  Machine  of  Pasteboard  discs, 
Phil,  Trans,  1779  J  Rowland's  Description  des  Machinm 
ti  Taffetasj  8vo*  Amst.  1785  ;  Blot,  Phifsifiue,  voL  ii. 


CHAPTER  II. 


Instruments  for  indicating  the  presence^  and  measuring  the  intensittf  of  free  ehdriciit^. 


electro 
meter. 


Electro-  (45.)  Ev  the  term   Electroscope  we  understand  an 

scope  aad  instrument  which  enables  us  to  observe  the  presence 
of  free  electricity  -,  while  the  term  Elevtrometer  ought 
to  be  reserved  for  some  apparatus  by  which  either  its 
quantity  or  intensity  might  be  measured.  The  two 
terniG,  it  is  true,  have  \ons^  been  used  almost  synony- 
mously ;  but  as  this  manifest  inaccuracy  may  lead  to 
most  incorrect  descriptions,  and  would  certainly  viti- 
ate our  explanation  of  certain  electrical  phenomena, 
we  propose,  as  far  as  we  may  be  able,  to  confine  the 
two  terms  to  their  strict  etymological  meaning. 

As  yet  we  are  supposed  to  be  unacquainted  with  the 
electric  fluid  in  any  other  than  its  free  state,  obtained 
by  the  decomposition  of  the  natural  electricity  inhe- 
rent to  all  bodies.  The  fragment  of  paper  or  straw 
which  we  liave  spoken  of,  as  attracted  towards  the 
excited  amber  or  glass  tube,  points  out  to  us  the  pre- 
sence of  that  property  or  fluid  which  we  term  elec- 
tricity \  and  therefore  these  minute  s^ubstances  afford 
the  simplest  possible  illustration  of  the  electroscope. 
If  we  observe  with  care  the  different  distances  at 
which  these  effects  may  be  made  manifest,  we  have, 
indeed,  a  rude  approximation  to  a  measure  of  the 
electrical  excitement  J  in  short  to  the  electrometer; 
and  hence  it  plainly  appears  that  in  some  degree  every 
electroscope  is  in  fact  an  electrometer  also,  because 
we  may,  perhaps,  obt^iin  a  rough  estimate  of  the  force 
exerted  from  the  actual  effect  produced.  Before  we 
proceed  to  the  description  of  a  few  of  the  best  instru- 
ments of  each  kind,  let  it  be*  premised,  that  we,  at 
present,  only  seek  to  examine  the  state  of  free  elec- 
tricity distributed  to  a  conducting  body,  to  ascertain 
its  nature,  and  to  measure  the  intensity  of  its  attrac- 
tive or  repulsive  force.  To  the  latent  or  accumulated 
electricities,  the  instnmients  before  us  have  no  present 
reference,  and  a  disreganl  of  these  distinctions  would 
hereafter  induce  serious  errors  upon  our  estimates  of 
the  effects  of  electrical  apparatus. 

(46.)  The  attraction  of  a  small  fragment  of  gold- 
leaf,  or  a  thread  hanging  loosely  from  some  point  of 
suspension,  was  the  first  electroscope  employed  by 
the  early  experimentalists.  Here  the  effect  was  pro- 
duced by  attraction,  but  after  the  repulsive  property 
of  two  simibrly  electritied  bodies  had  become  ktiown^ 
it  afforded  a  more  convenient  species  of  electroscope* 
Thus  we  arrive  at  the  form  of  the  instrument  in  the 
Jaands  of  the  Abb^  Nollet,  who  employed  two  tli reads 
freely  sospentied  and   hanging  pamllej  to  ^acb  other. 


On  communicating  electricity  to  those  bodies,  they 
became  mutually  repulsive^  and  the  degree  of  their 
divergence  might  be  measuretl  by  observing  the 
shadows  of  the  threads  cast  upon  a  graduated  arCj 
traced  out  upon  a  board. 

(47.)  Bennei's  elect roscope, — This  instrument,  in  its  Bennetf 
most  improved  form,  {independent  of  the  condenser,)  elettw 
is  represented  by  fig.  3'2  j  A  B  C  D  is  a  glass  cylinder  s<^**P^' 
cemented  into  a  brass  stand  E,  and  closed  by  a  plate 
and  rim  A  B.  G  is  the  brass  cap  of  the  electrometer, 
having  a  vsrire  passing  through  a  glass  tube  cemented 
into  the  plate  AB,  and  to  the  lower  end  of  this  wire 
two  small  slips  of  gold-leaf//^  half  an  inch  in  width, 
and  from  two  to  three  inches  long,  are  affixed.  From 
the  opposite  points  C  and  D,  two  slips  of  tin -foil  are 
pasted  to  the  inner  surface  of  the  cylinder,  and  rise  to 
a  height  some  little  above  the  ends  of  the  gold -leaf //V 
the  lower  ends  of  the  foil  communicating  with  the  brass 
stand  of  the  electroscope.  The  cap  of  the  instrument 
is  allowed  to  turn  freely  round,  and  by  this  motion 
the  two  gold-lcavcs^are  placed  opposite  to  the  two 
slips  of  tin-foil  respectively.  If  now  any  electrified 
body  be  brought  into  contact  with  the  metallic  cap  G, 
the  two  gold-leaves  will  share  with  the  cap  in  the 
electricity  received,  and  will  mutually  rejicl  each  other.  , 

Should  this  repulsion  be  so  great  as  to  drive  the  lower 
extremities  of  the  leaves  to  the  sides  of  the  cylinder, 
they  there  come  in  contact  with  the  tin-foil,  and  thus 
the  electricity  is  conveyed  away  to  the  ground ^  and 
the  leaves  again  collapse ;  but  a  feebler  degree  of 
electrical  excitation  only  makes  them  recede  from 
each  other,  as  represented  by  the  figure,  and  of  course 
they  continue  in  this  position  until  the  electrical 
charge  is  dissipated  by  the  contact  of  the  air  with  the 
cap,  or  by  touching  it  with  the  finger  or  some  con- 
ducting body. 

This,  on  the  whole,  is  one  of  the  most  convenient 
instruments  for  all  ordinary  electrical  experiments, 
such  as  the  examination  of  the  nature  of  that  electri- 
city which  is  developed  by  any  excited  substance. 
Fig.  33  represents  a  section  of  the  cap  and  neck  of 
this  instrument  in  its  most  improved  fomij  in  order 
more  completely  to  avoid  the  contact  of  air,  and  thus 
to  obtain  more  perfect  insulation.  A  B  is  the  top  of  SiDg«i^ 
the  cylinder  as  before,  G  is  the  metal  cap  conimuni-  impiwRi 
eating  with  the  gold -leaves,  by  means  of  a  wire  pass-  °*^*** 
ing  through  a  varnished  cork  or  ping  of  silk  i, 
cemented  into  ^  varnished  glass  tube  of  which  K  is 
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ttic  lower  extremity  ;  this  tube  being  also  cemented 
into  the  centre  of  the  plate  AB.  This  improvement 
was  introdaced  Hy  Mr.  Singer;  its  effect  depends 
upon  the  brass  wire,  which  conveys  the  electricity  to 
the  gold'leaves,  being  perfectly  guarded  from  all  con- 
tact with  the  atmosphere  j  for  the  body  of  rdr  throiigh 
which  it  passes  being  confined  within  the  glass  tube, 
can  neither  partake  of  the  motions  nor  hygrometric 
Tariations  of  our  common  atmosphere.  Mr.  Nichol- 
•on  proposed  to  employ  two  plates  of  thin  brass  in- 
stead of  the  two  slips  of  tin-foil^  so  arranged,  that 
by  means  of  a  tangent  screw  the  upper  parts  of  the 
plates  might  be  brought  very  near  to  the  two  lam  in© 
of  gold.  By  this  means  more  feeble  degrees  of  elec- 
tricity are  made  apparent  5  but  the  principle  on  which 
this  improvement  is  founded^  as  well  as  that  of  the 
two  slips  of  tin-foil,  depends  upon  induced  electricity, 
a  subject  which  as  yet  has  not  fallen  under  our  notice. 
For  a  more  full  account  of  this  last  improvement^  see 
Nicbolson*s  Journal,  Sept.  1797* 

(48.)  Cavnllo's  ekciroseape, — Ftg.  34  and  35  give  a 
general  representation  of  Mr.  Cavallo's  electroscope, 
which  is  principally  employed  in  experiments  on 
atmospherical  electricity,  A  is  a  wooden  stand,  to 
which  a  case  covering  the  whole  instrumentj  when 
Dot  in  use,  may  be  affixed  hy  the  screw^  seen  in  the 
figure.  The  glass  cylinder  and  the  slips  of  tin -foil 
are  much  the  same  as  in  the  instrument  recently  de- 
scribed^ except  that  the  glass  cylinder  is  contracted 
at  the  top,  and  terminates  in  a  tube  B.  Into  this 
tube  B,  a  smaller  tube  of  glass  is  cemented,  the 
lower  part  of  which  is  seen  at  C*  Through  this  latter 
tube  a  wire  passes  to  a  metal  or  ivory  plate  C,  per- 
forated for  the  reception  of  a  very  fine  f^ilver  w-irCj  to 
the  extremities  of  which  two  small  pith  balls  are 
attached.  D  is  a  metal  cap  affixed  to  the  central 
wire,  and  serving  to  protect  the  upper  part  of  the 
tube  B,  whenever  the  electroscope  is  exposed  to  rain. 
The  whole  of  the  tube  Ji,  and  the  upper  part  of  the 
glass  cylinder  are  covered  with  a  film  of  sealing-wax 
or  varnish,  for  further  protection  from  the  penetration 
of  moisture  to  the  interior  of  the  instrument* 

(49,)  Fig.  36,  37  and  38,  re]iresent  a  convenient 
pocket  electroscope,  emploj^cd  by  the  same  exjie- 
rimentaiist;  Bg.  36  and  37,  are  views  of  a  small 
glass  tube  ftha  of  an  inch  in  diameter,  and  three 
mehes  and  a  half  in  length,  with  a  loop  of  silk  at  one 
eftd  a;  bisti  cork  in  the  form  of  a  spindle,  so  that  it 
may  be  fitted  into  the  glass  tube  by  either  end.  To 
this  cork  is  affixed  a  double  silver  wire,  having  at  each 
of  iu  extremities  a  delicate  cone  of  cork  or  elder  pith. 
In  one  figure  the  wires  arc  seen  deposited  in  the  glass 
tube  as  a  case,  in  the  other  figure  they  are  suspended 
from  its  end  by  the  reversing  of  the  cork,  and  in  an 
excited  state.  The  glass  tube  serves  as  a  handle,  and 
is  varnished  throughout  the  lower  half  of  its  extent. 
Fig*  38  is  a  wooden  case  opening  at  one  end  by  a  screw, 
in  which  the  glass  tube  is  enclosed  when  not  in  use. 
At  one  end  this  case  is  mounted  with  a  piece  of  smooth 
amber  d,  by  the  friction  of  which  negative  electricity 
is  produced,  and  at  tiie  other  end  is  an  ivory  knob  c, 
ifisulated  by  a  rim  of  amber  e,  for  the  production  of 
vitreous  electricity,  which  is  easily  elfected  by  rubbing 
die  ivory  cap  upon  the  sleeve  of  a  coat,  or  any  other 
fncH>llen  material. 

(60  )  The  needU  electroscope. — This  instrument,  un- 
doubtedly the  must  ancient,  the  mo^t  simple,  and  one 


of  the  most  uieful,  tas  seldom  been  described.  In  Cliap-ll 
fig.  39,  A  B  is  a  fine  metal  wire^  upon  each  end  ^^-— -^^-^ 
of  wbich  is  a  pith  ball  ^^ths  of  an  inch  in  dia- 
meter. At  the  centre  of  this  needle  is  an  agate 
cap  C,  resting  upon  the  point  of  a  vertical  wire  D, 
inserted  into  a  circular  stand,  E  is  a  small  slider  for 
the  purpose  of  balancing  the  two  ends  of  the  needle, 
so  that  it  may  remain  in  a  horizontal  position.  It  is 
essential  also,  that  the  concave  surface  of  the  agate 
cap,  which  rests  upon  the  fine  point  of  the  stand, 
should  be  nither  above  the  centre  of  gravity  of  the 
wire  A  B,  otherwise  the  needle  cannot  remain  sus- 
pended. The  agate  cap  serves  to  insulate  the  needle, 
and,  for  further  security,  the  stand  may  be  placed  upon 
a  plate  of  shell-lac,  or  resin  if  necessary.  There  is, 
however,  an  additional  preservative  against  the  trans- 
mission of  electricity  from  the  needle  to  the  stand. 
For  if  we  suppose  the  cap  to  be  made  of  metal,  and 
not  of  agate,  and  we  acknowledge  that  the  pointed 
wire  D  will  have  a  strong  tendency  towards  the  ab*- 
sorption  of  electricity  j  yet  from  the  great  length  of 
the  needle,  compared  with  its  diameter,  the  electrical 
charge  will  be  determined  tow^ards  its  extremities  j 
and  the  inner  part  of  the  cap,  which  touches  the  point 
of  the  stand,  being  a  cavity  within  the  genend.  mass 
of  the  needle,  will  hnve  scarcely  an  appreciable 
quantity  of  electricity  distributed  upon  it. 

It  is  obvious,  tliat  if  an  excited  body,  such  as  a  stick 
of  wax,  or  a  glass  tube,  be  brought  near  to  either  of 
the  pith  balls,  an  attraction  will  take  place  j  and  if 
the  excited  body  be  presented  towards  either  side  of 
a  ball,  and  in  the  same  horizontid  plane,  the  motion  of 
the  needle  upon  its  pivot  will  bring  the  ball  into 
contact  with  the  excited  electric.  The  needle  will 
become  saturated  with  electricity  throughout,  and 
after  separating  the  two  botlies,  and  again  bringing 
the  one  near  to  the  other,  a  vigorous  repulsion  takes 
place.  In  this  state  the  needle  is  prepared  for  the 
trial  of  the  kind  of  electricity  which  is  developed  at 
the  surface  of  any  excited  body. 

("1 L)  !Iaij}j.i ckcirosiopesfor minemlogkal purposes, —  Haiiy's 
By  a  reference  to  fig.  39,  we  may  also  describe  one  of  *^^^*^tro- 
these  instruments.  A  B  is  a  metallic  wire  as  before,  **^°P*^'' 
but  terminated  by  two  small  balls  A  and  B,  also  of 
metal.  The  cap  may  be  of  agate  or  rock  crystal,  anel 
the  supporting  stand  similar  to  that  already  described. 
By  a  very  simple  process,  founded  upon  well-known 
properties  of  the  electric  fluiil,  we  may  communicate 
to  this  needle  cither  electricity,  and  yet  make  use  of 
the  same  electric  lor  the  purpose  in  both  cases.  For 
example,  by  touching  either  of  the  balls  with  an 
excited  stick  of  wax,  the  needle  receives  a  charge  of 
resinous  electricity.  On  the  other  hand,  let  the 
needle  be  in  its  natural  state,  and  let  the  excited  stick 
of  wax  be  brought  near  to  one  of  the  metal  balls,  but 
so  as  on  no  account  to  touch  it.  By  Ibis  operation 
the  natural  electricity  of  the  needle  is  decomposed, 
the  vitreous  electricity  is  attracted  towards  the  ball 
nearest  to  the  excited  wax,  and  the  resinous  electricity 
of  the  needle  is  repelled  to  the  opposite  baM.  Touch 
this  ball  with  the  finger,  or  any  conducting  body,  for 
a  second  or  two,  and,  iitathj,  remove  the  stick  of  wax. 
The  needle  now  has  a  charge  of  free  vitreous  electri- 
city J  tbr  that  vitreous  electricity,  which  was  at- 
tracted towards  the  hall  opposite  to  the  wax,  disperses 
itself  over  the  whole  needle  i  and  the  resinous  elec- 
tricity, which  before  neutralized  it,  has  been  removed 
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by  the  conductor  which  toudied  the  opposite  boll. 
Haiiy,  TraiU  de  Mimra logic,  ^lui  edit*  vol.  i.  p.  191. 

('j2.)  Other  electroscopes,  tij^.  40  and  41,  are 
employeil  by  the  same  distiiigubhed  mineralogist  to 
exauumc  the  feeble  electricities  of  mineral  bodies,  la 
form  J  tig,  40  is  nearly  identical  with  the  instrument 
lust  described^  but,  instead  of  one  of  the  metal  balls, 
there  is  athicd  to  tlie  end  of  the  needle  a  small  bar  of 
Iceland  crystal.  This  variety  of  carbonate  of  lime  has 
the  property  of  becoming  vilreously  electric,  by  simple 
pressure  between  the  thumb  ajid  finger,  and  hence 
the  Abb^  calls  this  instrument  his  vitreous  electro- 
scope. It  need  however  never  i>e  employed  in  ordinary 
electrical  investigations,  and  therefore  we  shall  con- 
tent ourselves  with  this  brief  notice  of  its  construction 
and  property  for  the  present^  as  it  will  of  necessity 
again  appe^ir  in  another  part  of  this  article* 

(53.)  Straw  ekcirometer.  This  instrument,  re  pre* 
senled  in  fig.  42,  is  frequently  employed  by  continental 
electricians,  tboiigli  but  little  used  in  this  country. 
Two  very  delicate  laminae  are  obtained  by  splitting  a 
straw  in  a  longitudinal  direction,  and  then  suspended 
by  (U3  exceedingly  fine  silver  wire,  passing  through 
two  holes  in  a  plate  connecte<l  with  the  cap  of  the 
electrometer.  This  part  of  the  apparatus  is  enclosed 
within  a  square  glass  case  or  cage,  having  a  divided 
arc  of  paper  afhxed  to  one  of  its  faces,  as  seen  in  the 
figure*  It  is  but  in  an  imperfect  degree  that  this 
instrument  can  serve  as  a  measure  of  the  actual  inten- 
sity of  repulsion  of  the  free  electricity  communitated 
to  it ;  but  of  course  an  estimate  is  obtained  by  observe- 
in  g  the  divergence  of  the  straws  in  tlegrees  of  the 
graduated  arc.  It  ivill  be  obvious,  to  any  one  ac- 
quainted with  the  nature  of  mechanical  forces  and  the 
action  of  gravity,  that  equal  degrees  upon  the  paper 
arc  at  different  distances  from  the  vertical  line  passing 
through  zero,  do  not  indicate  the  presence  of  equal 
increments  of  force.  This  difficulty  might  how- 
ever be  removed  by  calculation ;  but  there  are  also 
other  sources  of  inaccuracy  in  this  instrument  when 
ajiplied  to  the  admeasurement  of  electricity,  which 
neither  calculation  nor  compensation  can  overcome. 
As  an  electroscope  only,  it  is  really  a  valuable  instru- 
ment, being  possessed  of  a  high  degree  of  sensibility, 
and  not  being  so  liable  to  injury  as  the  electroscopes 
made  of  gold-leaf. 

In  fig.  43,  is  an  enlarged  representation  of  the  mode 
of  su.spension,  by  a  plate  with  two  holes,  the  inge- 
nious contrivance  of  Mr.  Cavallo,  by  which  means 
friction  and  rigidity,  forces  tending  to  impede  the 
divergency  of  the  wires,  are  in  a  great  measure 
avoided, 

(54.)  lhnUy*$  quadrnni  electrometer.  The  instru- 
ment well-known  by  this  title  forms  a  very  common 
appendage  to  the  electrical  machine.  Fig.  44  repre* 
scats  a  wooden  stem  six  or  seien  inches  long,  sur- 
mounted by  a  ball.  Into  the  side  of  this  stem  is 
a^xed  a  semicircle  of  wood  or  ivory,  the  arc  of  which 
is  graduated  and  figured  ^  the  numbers  begiiming 
from  the  lowest  point,  and  terminating  at  the  end  of 
th«  fir^t  quadrant  or  DO  degrees.  At  the  centre  of  the 
circle  a  ptn  b  inserted,  bearing  a  light  index  of  cane, 
having  a  pith  ball  C  at  its  extremity.  Having  fitted 
the  lower  part  of  the  stem  into  a  hole  in  the  prime 
conductor  of  a  machine,  the  index  rml  and  pith  ball 
will  hrmg  down  in  a  vertical  position,  parallel  to  the 
upright  stem,  and  cover  the  zero  of  the  gtaduatcd 


arc.  But  immediately  upon  the  communication  of  Ch^i 
electricity  to  the  conductor,  the  pith  ball  is  rei>elled  by  >.^j 
the  stem,  and  continues  by  its  divergency  to  mark 
upon  the  limb  of  the  semicircle  the  intensity  of  the 
repulsive  force  produced.  Either  a  calculation,  or  a 
previous  unequal  gradttation  of  the  semicircle,  would 
be  necessary  for  the  reasons  already  stated,  to  obtaia 
accurate  relative  measures  from  this  instrument  also  j 
but  as  this  electrometer  is  not  easily  injured,  and 
serves  roughly  to  estimate  the  state  of  activity  of  an  i 

electrical  machine,  it  has  become  a  frequent  accom-  1 

paniment  to  the  prime  conductor. 

(55.)  Rohuisons  comparable  electrometer.  It  would  Robii 
he  an  act  of  injustice  were  we  to  omit  to  mention  a 
very  elaborate  instrument  of  this  species,  contrived  by 
that  excellent  electrician  the  late  Professor  Robinson, 
with  which  he  was  enabled  to  obtain  a  much  more 
accurate  measure  of  electrical  attractive  and  repulsive 
forces  than  any  of  his  predecessors.  The  instrument 
is  now  we  believe  entirely  in  disuse,  from  the  greater 
simplicity  and  delicacy  of  M,  Coulomb^s  apparatus  ^ 
and  therefore  for  a  detailed  descriptioti  of  Robinson's 
electrometer,  we  beg  leave  to  refer  our  readers  to  a 
repubhcation  of  the  physico-mathematical  writings  of 
the  Professor,  by  his  able  editor  Dr.  Brewster. 

(56.)  Couhmh*^  ekcirkai  balance.  For  the  present,  Conl< 
we  propose  to  content  ourselves  by  cursorily  describ-  *^"mI 
ing  a  very  sensible  electrometer,  on  M,  Coulomb's  ^^ 
principle  of  torsion,  of  greater  delicacy  than  any 
hitherto  mentioned,  as  a  mere  indicator  of  the  pre- 
sence of  electricity ;  und  one  which,  wit!i  proper 
precautions,  affords  an  absolutely  accurate  estimate  of 
the  attractive  or  repulsive  force  of  the  free  electricity 
communicated  to  a  mass  of  matter  of  given  superficies. 

A  B,  fig,  45,  is  a  cylindrical  glass  jar,  covered  al 
the  top  by  a  circuhir  glass  plate,  with  a  hole  in  its 
centre.  Through  this  hole,  a  single  fibre  of  the  silk- 
worm's web,  or  a  very  delicate  silver  wire,  descend^ 
nearly  to  the  bottom  of  the  jar,  and  carries  at  its  lower 
extremity  a  transverse  bar.  This  bar  consists  of  either 
a  filament  of  gum-lac,  or  a  silk  thread  or  piece  of 
straw  coated  with  sealing-wax  ;  at  one  extremity  ifi  a 
small  pith  ball,  at  the  other  a  disc  of  varnished  paper^ 
as  a  counterpoise  to  the  ball.  The  upper  end  of  the 
wire  is  aJ^ixed  to  a  sort  of  button  C,  with  a  small 
index,  capable  of  being  turned  round  upon  a  circular 
plate  F,  divided  into  360  degrees.  One  side  of  the 
jar  is  perforated,  to  allow  of  the  insertion  of  a  small 
bar  E,  having  a  metal  sphere  at  each  of  its  ends,  the 
one  being  at  the  exterior  and  the  other  at  the  interior 
of  the  jar.  By  turning  the  button  C,  or  the  iiidex, 
the  needle  may  be  brought  into  any  required  posilioa 
with  regard  to  the  bar  E.  Now  it  is  found  by  expc- 
riment,lhat  the  angle  of  torsion  of  tlie  delicate  wire 
of  suspension  we  have  described,  varies  in  a  direct  ratio 
with  the  force  acting  upon  it  (within  certain  hmits,) 
and  therefore  if  the  bodies  D  and  E  be  placed  in 
contact,  and  then  similarly  electrified,  the  distance  to 
which  they  lure  repelled  by  the  angular  motion  of  th© 
ball  D,  is  a  measure  of  the  repulsive  force  exerted,  be 
the  law  of  that  force  what  it  may.  Hence,  by  employ- 
ing diffeixuit  forces  of  torsion  which  are  known,  and 
which  may  be  n>easured  upon  the  graduated  head,  to 
produce  an  equibbrium  between  dilTerent  repulsive  or 
attractive  forces,  which  may  be  measured  upon  a  | 
gratlualed  arc  of  paper  pasted 'round  the  jar,  the  actual  i| 
laws  of  these  forces  may  be  calculated. 
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SificUf  speaking,  the  chord  of  the  arc  described 
iHv.  is  Uic  distance  to  which  the  mutual  action  of  the  balls 
^p^^^tends,  and  is  therefore  the  true  ineiisure  of  the 
force  ;  but  at  present  we  only  attempt  to  describe  the 
insirumeDt  in  general  terms,  and  to  speak  of  an 
gpttfOoUnuite  result.  In  a  similar  manner  the  distance 
iKpogii  which  the  ball  is  made  to  move,  i,  e.  the  tor- 
sioa  it  is  enabled  to  produce  by  attraction,  when 
Ifae  fixed  and  movable  balls  have  opposite  electricities, 
maj  become  an  accurate  measiire  of  the  attractive 
force.  A  much  more  minute  description  of  this 
valuable  instrument,  in  its  most  improved  form^  and 
aa  accurate  investigation  of  the  laws  of  its  action,  will 
form    an   essential    introduction   to  our   theoretical 

§  electricity. 
(570  The  clectroscopefl  now  described,  with  the 
idditJoQ  of  the  simple  stand  and  pith  balls  before 
wrntionrd,  are  all  that  apply  to  electricity,  so  tiir  as 
the  plan  of  this  article  has  as  yet  made  us  acquainted 
with  it  ;  that  is  to  say,  in  its  free  state.  Other  and 
mre  complicated  instruments  will  be  required  when 
m  shall  be  called  upon  to  examine  latent  or  accumu- 
*  iMitd  electricity ;  but  there  is  yet  one  important 
problem  to  be  solved,  which  has,  strictly  speaking,  its 
K    place  in  the  present  chapter, 

^m  It  will  presently  appear  that  upon  an  electrified  and 
^B^iH^liird  sphere  of  conducting  matter^  the  electricity 
V  bdhilributcd  as  a  stratum  of  fluid  of  uniform  thick- 
am  tiiroughout  5  but  this  is  true  of  masses  of  matter 
of  no  other  form.  It  becomes  then  desirable  to  be  in 
poiaeBaioQ  of  some  elect rometric  apparatus,  by  which 
Wt  may  ascertain  the  quantity  of  fluid  resident  at  any 
giten  point  upon  the  surface  of  an  excited  body,  for 
•lie  solution  of  this  problem  we  are  again  indebted  to 
Iht  SR^facity  of   M.  Coulomb.    He  7outid  that   by 


affixing  a  small  circular  disc  of  gilt  paper  to  the  end  Cliap.  IL 
of  an  insulating  filament  of  gum-lac,  he  could  obtain  — 
by  a  single  contact  with  any  excited  and  insulated  ^l»ap-  'H- 
conductor,  a  charge  of  electricity  upon  the  disc,  pro*  ^ 
portionate  to  the  quantity  of  electricity  resident  upon 
the  conductor  at  the  point  where  the  contact  had  been 
made.  For  the  success  of  this  method,  it  is  required 
that  the  disc,  which  M,  Coulomb  calls  the  proof  plane, 
should  be  small  in  compflrison  of  the  conductor  to 
be  touched  J  so  that  the  addition  of  the  new  conduct- 
ing body,  during  the  moment  of  contact,  may  scarcely 
interfere  with  the  laws  governing  the  distribution  of 
the  fluid  I  and  also  that  the  proof  plane  may,  as  nearly 
as  possible,  only  form  as  it  were  a  second  particle,  to 
share  ekctrici^ty  with  some  one  given  particle  belong- 
ing to  the  great  mass  of  the  elect rifietl  conductor. 
Having  thus  acquired  the  means  of  removing  a  quaii* 
tity  of  electricity  from  any  point,  proportionate  to  the 
actual  quantity  of  fluid  at  that  point  j  or,  which  is  the 
same  tlnng,  proportionate  to  the  electrical  intensity 
at  that  pointy  it  is  easy  to  measure,  by  the  torsion 
balance,  the  repulsion  exerted  by  the  proof  plane  upon 
the  movable  ball  charged  with  a  known  electricity, 
and  thence  to  infer  the  quantitative  distribution  of 
electricity  for  that  one  point.  In  a  similar  manner^  a 
series  of  comparative  estimates  may  be  obtained  for 
all  other  re(|uired  points  upon  the  excited  body,  until 
the  general  form  of  the  distributed  bed  of  fluid  be 
ascertained. 

For  other  electrometers  of  this  sort  see  D*Arcy,  jW/ti 
Avad,  Par.  1749j  Hichraan,  Nov,  Com.  Pptrop.  vol.  iv 
p.  301  ;  De  Luc,  Meteor f/kigiet  vol.  i.  p.  376  j  Camus, 
Jour,  de  Phjs.  vol.  vii.  p,  ;V20  ;  Terry ^  Jour.  *k  Phys. 
xxlv,  p,  315  f  Canton's  improved  by  Cavallo>  PhiL 
7>an8,  Ixvii.  p,  388. 
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On  the  spontaneous  motions  of  the  eheclrkjlmd, 

iKTRODUCTlOSf. 


(5S,)  Under  this  title  we  propose  to  arrange  and 
ecmsider  a  certain  class  of  phenomena,  which  (upon 
the  hypothetical  assumption  that  each  kind  of  elec- 
tricity is  a  fluids)  may  be  accounted  for  by  its  self- 
expansive  properly ;  that  is  to  say^  by  the  repulsion 
which  all  its  molecules  exert  upon  each  other.  It 
may  not  at  first  appear  that  this  class  of  facts  includes 
the  circumstance  of  an  electrified  and  insulated  con- 
ductor, apparently  losing  all  its  electricity  by  the  con- 
tact of  another  conducting  body  J  but  the  application 
of  our  reasonings  w^ill  be  clearly  seen  by  a  careful 
examination  of  the  conditions  of  the  case  in  which  the 
soppoacd  difficulty  is  in%^olvcd.  Let  the  second  con- 
doctor  which  is  brought  into  contact  with  the  elec- 
trified body  be  of  finite  magnitude  and  insulated  j  in 
this  case  the  electrified  body  will  not  lose  all  its 
electricity,  but  a  division  of  the  electricity  will  take 
place  between  the  two  conductors  according  to  cer- 
tain Jaws.  Again,  let  us  take  the  extreme  case, 
from  which  the  objection  has  been  framed.  Let  the 
electrified  conductor  communicate  for  an  instant 
with  the  earth,  and  the  same  mode  and  law  of  action 
will  produce  apparently  an  entire  abstraction  of  the 
free  electricity^  because  in  this  case  the  partition  of 


fluid  takes  place  between  the  whole  earth  and  the 
electrified  body;  and  as  the  magnitude  of  the  latter 
bears  no  appreciable  ratio  to  the  magnitude  of  the 
former,  there  will  be  no  appreciable  quantity  of  free 
electricity  left  upon  the  originally  excited  body. 

It  may  easily  be  shown  that  electricity  does  possess  Condtictin^ 
some  property,  the  effects  of  which  we  can  explain^  power, 
and  even  c-jdcnlatc,  u|>on  the  .supposition  of  thia 
mutual  repulsion  existing  between  the  molecules  of 
the  same  fluid  ;  for  if  a  portion  of  it,  in  its  free  state, 
be  com nr uiicated  to  any  one  from  among  the  several 
subslaneeri  which  seem  m  a  greater  or  less  degree  to 
suffer  its  progress  through  them,  either  a  complete 
transmission  is  effected,  or  else  a  distribution  of  the 
fluid  takes  place  with  regard  to  both  the  liodics 
according  to  invariable  laws.  Some  substances,  as  we 
have  alrciidy  seen,  readily  afford  a  passage  to  electri- 
city, whilst  others,  with  greater  or  less  obstinacy,  re- 
fuse to  do  so.  Tliis  is  termed  the  conducting  potter, 
a  phrase  which  does  not  (jreciscly  express  the  true 
conditions  of  the  case  i  for  it  has  been  proved  that  the 
particles  of  matter  of  different  kinds,  w^hether  from 
conducting  or  non-conducting  bodies,  have  no  pecu- 
liar affinities  for  the  electric  fluids,  and  therefore  it  is 


Pructkiil  more  probable  that  some  term  implying  a  passive 
Electricity,  property  in  the  substances  spoken  of,  would  give  a 
more  accurate  description  of  the  process.  Conducting 
power  is  however  an  established  phrase,  and  therefore 
will  liencefortli  be  employed  here  in  its  ordinary 
acceptation  j  and  the  investigation  of  this  property  in 
different  substances,  will  form  the  subject  of  tbc  first 
section  of  this  chapter.  In  the  second,  we  shall  treat 
of  the  dissiptUion  of  electricity,  being  the  cause  of  the 
spontaneous  return  of  an  excited  body  to  the  natural 
5tatc  of  electrical  equilibrium  j  and  in  the  third  sec- 
tion, we  shall  give  a  summary  (as  far  as  fact  is  con- 
cerned) of  the  mode  of  disirihutlon  or  arranganent 
assumed  by  the  fluid  in  any  electnHcd  substance, 

§  I*  Oft  ihe  conducting  power  of  different  substances. 

(59.)  Communicate  to  a  gold-leaf  electroscope 
either  electricity,  so  as  to  produce  a  divergence  be- 
tween the  suspended  leaves.  If  now  we  touch  the  cap 
of  the  electroscope  with  a  fjlass  rod,  no  effect  will  b^ 
produced  j  that  is  to  say,  the  charge  of  free  electri- 
city is  not  by  that  process  condncted  away  or  sutTered 
to  escape;  bnt  if  we  touch  the  cap  of  the  electroscope 
with  the  finger  or  a  rod  of  metid  held  in  the  hand, 
the  contrary  effect  is  produced,  the  electricity  escapes, 
and  tl»e  leaves  collapse.  Here  then  wc  have  a  familiar 
example  of  a  nan-conducting  and  a  conducting  body. 
With  more  or  less  of  strict  accuracy,  under  one  or 
other  of  these  two  denominationsj  all  sub  "stances  may 
be  arranged,  and  such  has  been  the  plan  hitherto 
adopted.  Thus  we  have  conductors  and  non-conduc- 
tors f  the  latter  are  also  sometimes  called  insulators. 

As  is  the  case  however  with  many  systematic  clas- 
sifications, few  bodies  will  be  found  to  belong  strictly 
to  either  division  alone,  and  several  substances  might 
appear  with  almost  equal  propriety  in  both  series. 
There  is  in  fact  a  progressive  order,  in  which  all 
bodies  may  be  arranged,  beginning  with  that  substance 
Tvhich  possesses  either  property  in  the  greatest  per- 
fection, and  proceeding  through  the  gradations  of 
many  other  substances  to  the  opposite  extremity  of 
the  scale ;  but  the  precise  point  where  conducting  power 
ceases,  and  the  contrary  property  begins,  is  in  some 
cases  uncertain,  and  in  very  many  it  depends  upon  a 
circumstance  totally  adventiLbus,  viz*  the  hygro- 
metric  state  of  the  body  siabraittcd  to  experiment.  For 
these  reasons  we  are  inclined  to  depart  from  the 
ordinary  plan,  and  to  arrange  these  substfinces  all  in 
one  column,  beginning  with  the  best  known  conduc- 
tors, and  terminating  with  those  that  are  the  worst; 
or,  in  other  words,  that  are  the  most  perfect  non- 
conductors. There  is  doubtless  some  difference  in  their 
respective  powers,  even  among  the  metalSj  which  are 
the  best  conductors  j  bnt  from  the  high  degree  of 
intensity  of  ordinary  electricity,  they  all  seem  to 
transmit  the  tin  id  with  equal  facility*  There  is  how- 
ever reason  to  conclude,  that  delicate  experiments 
would  assign  to  the  metals  different  degrees  of  per- 
jneability  ;  for  such  is  found  to  be  the  case  %vith  the 
less  intense  electricity  developed  by  galvanic  agency  ; 
and  the  order  assigned  to  them  in  the  subsequent  list, 
is  the  result  of  Sir  H.  Davy*s  experiments  with  the 
last-mentioned  agent. 

The  following  observations  of  Mr.  Singer  are  appli- 
cable to  the  subject  of  our  present  investigation, 
*'  The  tendency  of  the  charge  to  pass  through  the 
best    conductors,    offers  n  measure  of  conducting 
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power  J  for  if  various  substances  of  the  same  length  Chi 
and  size  are  introduced  at  once  into  the  circuit,  that  ^^ 
through  which  the  electric  fluid  passes  is  the  best  con-        i 
ductor.     Or,  if  they  are  introduced  successively,  that        i 
which  conveys  the  charge  most  completely  may  be 
considered  as  the  best  conducton     Metals,  although        ' 
the  most  jierfect  conductors  we  know,  oppose  some 
resistance  to  the  motion  of  electricity j  and  a  charge        i 
will   even  prefer  a  sliort  passage  through  air,   to  & 
circuit  of  twenty  or  thirty  feet  through  thin   wire/* 
The  inference   deducible  from  these  experiments  of        ! 
Mr.  Singer    has  been  much  strengthenetl  by  recent 
experiments  of  Professor  Gumming,  which  arc  given         \ 
in    the   first  volume   of  the   Cambridge    Trnnsactionsj         i 
wherein  it  is  proved  that  the  analogous   fluids,   the 
tUQgnetic,  the  galvanic,  and  the  thermo-electric  are         I 
materially  influenced  as  to  the  rate  or  perfection  of        | 
their  transmission,   by  the  magnitude  of  the  couduc-         1 
tors  through  which  their  passage  is  effected.  1 

Again,  with  regard  to  the  other  class  of  bodies^  | 
it  has  been  proved  by  Coulomb,  that  no  substance  can 
strictly  be  caEed  a  nou-conductor  ;  because  elec-  | 
tricity  of  great  intensity  will  traverse  small  lengths  of 
all  bodies  ;  but  that  there  are  certain  limits  within 
which  a  few  substances  may  in  practice  be  employed 
as  such.  Hence  the  insulating  power  of  rods  of  sub- 
stances of  this  class  varies^  directly  according  to  some 
power  of  their  length,  and  in  some  inverse  ratio  of 
the  intensity  of  the  electricity  which  they  are  required 
to  insulate. 

The  black  lincj  forming  a  division  in  the  following 
table,  is  the  position,  according  to  Mr.  Singer,  at 
winch  we  may  suppose  the  conducting  power  to  cease, 
and  the  insulating  power  to  commence.  In  regard  to 
several  sub&tanceSj  placed  about  the  middle  of  the 
table,  such  as  the  animal  and  vegetable  bodies  %vhich 
contain  moisture,  and  the  earths  in  their  ordinary 
state,  we  must  consider  them  made  up  partly  of  con- 
ducting and  partly  of  non-conducting  matter  j  thus 
the  pure  earths  and  alkalis  are  non-conductors,  but 
from  the  moisture  which  usually  accompanies  them» 
they  become  imperfect  conductors. 

Table  of  the  Conducting  Power  of  bodies,  beginning  Tahl 
with  the  most  perfect,  and  ending  with  those  which  ho<ii< 
are  the  least  so,  or  that  most  nearly  approximate  to 
the  property  of  Non-conductors* 

All  the  metals. 

Silver, 

Copper, 

Lead, 

Cold. 

Brass. 

Zina 

Tin. 

Platinum. 

Palladium* 

Iron. 

1  Veil-  burn  t  Chare  oal . 

Plumbago. 

Concentrated  Acids, 

Powdered  Charcoal, 

Dilute  Acids. 

Salint)  Solutions* 

Metallic  Ores. 

Animal  Fluids. 

Sea  Water. 

Spring  Water 
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Rain  Water, 

Ice  above  —  13°  Fahrenheit,  (a) 

Snow, 

Living  Vetije tables. 

Living  Animals. 

Flame* 

Smoke. 

Steam. 

Sjills  soluble  in  Water. 

Rarefied  Air,   (i) 

Vapour  of  Alcohol. 

Vapour  of  Ether. 

Moiist  Earths  and  Stones. 

Powdered  Ghoss,  (f) 

Flowers  of  Sulphur,  (c) 


Dry  metallic  Oxides. 
Oils,  the  heaviest  the  beat. 
Ashes  of  vegetable  Bodies. 
Ashes  of  an i mill  Bodies. 
Many  transparent  Crystals,  dry* 
Ice  below  —  13*  Fahrenheit. 
Phosphorus. 
Lime. 
Dry  Chalk, 

Native  Carbonate  of  Barytes. 
Lyco  podium. 
Gum  Elastic. 
Camphor. 

Some  Silicloys  and  Argillaceous  Stones. 
Dry  Marble. 
Porcelain. 

Dry  vegetable  Bodies, 
Baked  Wood. 
Dry  Gases  and  Air, 
Xicather. 
Parchment. 
Dry  Paper, 
Feathers, 
Hair. 
Wool, 
Dyed  Silk. 
Bleached  Silk- 
Raw  Silk* 
Transparent  Gems. 
Diamond. 
Mica. 

All  Vitrifactions* 
Glass* 
Jet. 
Wax. 
Sulphur « 
Resins. 
Amber. 
SheU-lac. 

(a)  According  to  M.  Achard  of  Berlin,  who  proved, 
In  1776>  that  a  rod  of  ice  two  feet  long,  and  two 
ioches  thick,  at  IbJ"^  Fahrenheit,  was  a  very  impcr* 
feet  conductor ;  and  that  at  —  13"^  Fahrenheit  it 
would  not  conduct  at  all.  He  then,  having  very  in- 
geniously frozen  some  water,  so  that  it  should  contain 
00  air  bubbles,  formed  it  into  a  spheroid,  and  having 
mounted  it  upon  an  axis»  was  able  to  employ  it  as  an 
ordinary  electric  globe  capable  of  a  high  decree  of 
excitability.    MM.  Jallabert  and  Frie&tley  had  before 
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proved  that  ice  of  the  ordinary  temperature^   in  our  Cliap.  nr. 
warmer  climates,  is  a  conductor,  ^— -v,^,^-*^' 

(bj  Possibly  acting  in  a  manner  quite  different  from 
all  other  bodies  near  to  it  in  the  table,  for  in  what- 
ever manner  they  cither  transmit  or  allow  the  progress 
of  electricity,  the  action  of  rarefied  air  is  simply  due 
to  the  removal  of  a  substance  which  presents  a  most 
powerful  resistance  to  the  motions  of  the  fluid.  It 
would  appear  that  in  all  our  attempts  to  form  a  more 
perfect  vacuum  than  that  which  the  air  pump  will 
give,  we  only  substitute  in  place  of  the  air  a  sort  of 
metallic  atmosphere,  which,  of  course,  is  highly  fa- 
vourable to  the  transmission  of  electricity,  :buch  at 
least  is  the  view  we  are  inclined  to  take  of  the  matter, 
although  we  admit  that  the  subject  is  one  in  which 
considerable  difliculties  are  involved,  Walsh,  Brooke, 
and  Morgan  made  numerous  experiments  to  ascertain 
whether  a  vacuum  was  or  was  not  a  non-conductor. 
Morgan  inferred  (PhiL  Trans.  1785,)  that  it  was  a 
perfect  non-conductor,  because  he  could  produce 
neither  electrical  light  nor  a  charge  in  it.  The  former 
is  (]uite  consistent  with  the  origin  which  we  have 
assigned  to  electrical  light,  and  therefore  proves  no- 
thing ;  and  we  confess  that  we  consider  the  latter 
argument  as  easily  set  aside  by  the  explanations  we 
shall  hereafter  give  of  the  motions  of  electricity.  At 
present,  therefore,  it  appears  probable  that  a  perfect 
vacuum  is  a  perfect  conductor. 

(c)   From  Van  8w indents  experiments. 

(60.)  The  greatest  distance  to  which  electricity 
might  be  conveyed,  was  a  question  which  exercised 
the  ingenuity  of  some  of  the  early  experimentalists, 
although  the  velocity  with  which  it  traversed  the 
metals  w^as  their  primary  object ;  of  these  researches 
we  have  already  given  some  account.  An  electrical 
charge  from  a  battery  is  stated  to  have  been  compelled 
to  traverse  a  circuit  of  four  miles ;  and  although  Singer^ 
whose  opinion  is  entitled  to  resjiect,  has  doubted  the 
accuracy  of  these  experiments,  yet,  on  examining  the 
papers  in  which  tliey  are  described,  it  does  not  appear 
that  the  result  is  either  improbable,  or  that  any  source 
of  faUaty  can  haie  escaped  the  observation  of  the 
experimentalists.  There  doei  not,  in  fact,  appear  any 
thing  in  the  nature  of  the  case,  to  lead  us  to  a  contrary 
conclusion ;  for  although  we  admit  that  an  electric 
discharge  will  prefer  a  very  short  passage  through 
air,  to  a  very  long  one  through  a  thin  wire,  yet  we 
still  arrive  at  this  point,  that  electricty  of  high  in- 
tensity will  force  itself  a  passage  through  a  thin 
stratum  of  air,  but  that  at  much  lower  degrees  of 
intensity  it  is  capable  of  passing  through  metal ;  and 
as  the  conditions  of  the  case  may  be  so  arranged  that 
it  shall  traverse  the  air  in  preference  to  the  metal, 
there  must  be  some  point  at  which  the  facilities 
afforded  by  these  channels  are  equal.  The  density, 
hygrometic  state,  and  thickness  of  the  plate  of  air 
might  form  one  side  of  an  equation  ;  and  the  nature 
of  the  metal,  together  with  the  thickness  and  length 
of  a  wire  formed  from  it,  might  constitute  the  other 
side.  But  in  this  Tcasoning,  we  must  suppose  the 
intensity  of  the  electricity  given,  and  it  would  pro- 
bably proven  more  complicated  question,  were  we  to 
attempt  to  introduce  into  our  formula  an  clement  cor- 
responding to  variations  of  electrical  intensity. 

Of  the  immeasurable  velocity  with  which  the  mo- 
tions of  the  electric  fluid  must  be  conceived  to  take 
place,  we  arc  able,  perhaps,  to  form  some   idea,  by 
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FracUcal  considering  the  great  mechanical  momentum  which 
Electricity,  it  is  capable  of  producing,  although  as  a  fluid  it  seems 
'  to  us  absolutely  imponderable. 

(61.)  The  smallest  length  to  which  some  imper- 
fectly conducting  bodies  may  be  reduced  without 
losing  their  insulating  power,  has  been  examined  by 
M.  Coulomb,  and  he  found  that  in  each  case  this 
length  depended  upon  the  intensity  of  the  electricity 
which  the  fibres  were  required  to  insulate,  and  the 
state  of  the  atmosphere  at  the  time  of  the  experiment. 
It  appeared  that  when  electricity  was  communicated 
to  a  ball,  suspended  by  a  fibre  of  any  insulating  sub- 
stance, the  loss  of  electricity  was  at  first  much  greater 
than  could  be  accounted  for  from  the  dispersion  in  air 
alone,  and  therefore  this  loss  was  due  to  the  imper- 
fection of  the  insulation  -,  but  that  after  a  time,  when 
the  electricity  had  diminished  to  a  certain  degree  of 
intensity,  no  further  diminution  took  place,  except 
that  which  was  due  to  the  action  of  the  air.  Hence, 
at  some  degree  of  intensity  in  the  communicated  elec- 
tricity, (in  a  given  state  of  the  air)  a  filament  of 
given  length  Incomes  a  perfect  insulator.  Or,  which 
is  the  same  thing,  these  imperfect  insulators  follow 
some  law  according  to  which  some  length  may  be 
found  (on  a  given  day)  just  capable  of  insulating 
electricity  of  any  given  intensity.  The  general  law 
for  all  fine  cylindrical  fibres,  such  as  hair,  silk^  fila- 
ments of  gum-lac,  &c.  is,  that  the  intensity  of  the 
electricity  which  different  portions  of  the  same  sub- 
stance will  insulate,  varies  as  the  square  root  of  the 
length  of  the  fibre.  In  which  case  the  nature  of  the 
sul^tance,  the  diameter  of  the  fibre,  and  the  disper- 
sive state  of  the  air,  are  supposed  constant. 

Few  comparisons  have  been  instituted  between  dif- 
ferent substances,  but  Coulomb  found  that  the 
density  of  the  electricity,  which  a  fibre  of  gam-lac 
woBld  in«ilate,  was  ten  times  as  great  «s  that  which 
could  be  insulated  by  a  silk  fibre  of  equal  length  and 
equal  diameter. 

(62.)  The  next  point  for  our  examination,  is  one 
of  extreme  interest  and  curiosity.  Do  all  bodies 
conduct  both  the  electricities  with  equal  facility? 
This  question  has  only  recently  been  submitted  Co  any 
thing  like  a  strict  experimental  investigation,  and  it 
is  to  M.  Erman,  of  Berlin,  that  we  are  prifncipally  in- 
debted for  our  information  upon  this  subject.  In 
these  researches,  however,  he  was  compelled  to  em** 
ploy  the  weak  intensity  of  galvanic  electricity,  which 
we  have  before  hinted  might  be  resorted  to  with  «d<- 
vantage,  in  examining  some  other  i^aestions  cofmeeted 
with  the  conducting  power  of  substances.  M.  Erman 
has  proved,  that  besides  the  classes  of  conductors  and 
non-conductors,  that  are  such  universally,  there  are 
some  substances  which  completely  cut  off  the  passage 
of  one  electricity,  while  they  as  fteely  suffer  ^»e 
progress  of  the  other.  The  more  minute  details  of 
these  researches  must  be  reserved  for  the  Galvanic 
part  of  this  article.  (Jour,  de  Phys.  vol.  Ixiv.)  The 
experiments  of  Mr.  Brande,  described  in  the  Pful, 
Trans,  for  1814,  appear  more  property  to  depend,  as 
he  has  su^esteil,  upon  the  electrical  states  c^  bodies 
induced  by  chemical  action  ;  and  for  this  reason  will 
be  reserved  to  that  part  of  our  article  in  which  the 
connection  between  Chemistry  and  Electricity  will  be 
discussed. 

(63.)  At  present  we  can  scarcely  be  said  to  have 
any  knowledge  of  the  influence  which  the  other  im« 


ponderable  physical  agents  are  capable  of  exerting,  C 
either  for  the  increase  or  diminution  of  the  conducting  ^ 
power  of  substances.  As  far  as  experiments  have 
hitherto  shown,  increased  heat  neither  tends  to  acce* 
lerate  nor  to  retard  the  progress  of  electricity  through 
metallic  wires ;  and  upon  the  electric  fluid  itself,  it 
has  not  the  least  perceptible  influence  ;  for  if  powerful 
sparks  be  drawn  from  a  mass  of  ice,  they  are  not 
found  to  differ  in  temperature  from  similar  sparks 
taken  from  a  mass  of  red-hot  iron  ^  and  if  the  wires  by 
which  an  electrical  or  galvanic  circuit  is  completed 
be  made  to  pass  through  furnaces,  so  as  to  be  in- 
tensely heated,  no  appreciable  effect  upon  the  elec- 
tricity is  produced.  Still  there  are  analogies  which 
would  lead  us  to  suppose  that  there  may  be  such  an 
action,  although  to  us  it  is  at  present  utterly  inap- 
preciable, for  among  conductors  less  perfect  than  the  * 
metals,  we  meet  with  marked  instances  of  such  effects.. 
Upon  some  of  these  bodies  the  addition  or  abstraction 
of  sensible  heat,  produces  an  increase  or  a  diminution 
of  conducting  power.  Thus  charcoal  is  a  better 
conductor  when  hot  than  it  is  when  cold.  Glass,  when 
cold  and  dry,  is  a  non-conductor,  but  when  heated  to 
redness  it  becomes  a  conductor.  Resins,  which  in 
their  ordinary  state  are  the  best  of  non-conductors,  en- 
tirely lose  this  property,  and  adopt  the  contrary  one 
when  they  are  rendered  fluid  by  heat.  Ice  below  —13^ 
Fahrenheit  is  a  non-conductor,  but  above  this  tem- 
perature it  is  a  conductor.  By  a  further  increase  of 
temperature  it  becomes  water,  and  is  still  a  conduc- 
tor, and  when  heated  is  a  still  better  one  than  it  is  at 
its  ordinary  temperature  ;  this  property  continues  to 
it  even  in  the  state  of  vapour.  Air,  however,  has 
never  been  made  a  conductor  of  electricity,  in  the  true 
sense  of  the  word,  by  any  degree  of  heat  that  has 
been  communicated  to  it. 

The  conducting  power  of  charcoal  hns  been  found 
to  vary  considerably,  according  to  the  different  degrees 
of  heat  to  which  it  has  been  subjected  in  its  manu- 
facture; it  also  varies  with  the  different  substances 
from  which  it  may  have  been  formed,  so  that  we  may 
suspect  certain  slight  changes  either  in  its  chemical 
or  mechanical  structure,  to  be  capable  of  producing 
these  effects. 

In  general  the  chemical  nature  of  substances  seems 
to  have  but  little  immediate  connection  with  their 
conducting  powers,  beyond  the  supposed  uniformity 
of  action  existing  between  all  the  metals  on  one 
hand,  and  all  the  resins  on  the  other;  and  the  only 
attempt  to  speculate  upon  what  may  be  the  real  nature 
of  the  conducting  or  non-conducting  property,  has 
been  made  by  M.  Coulomb.  Tlie  opinion  of  this  ad- 
mirable philosopher  is  of  course  entitled  to  great 
respect,  but  is  in  this  case  unsupported  by  any  fact, 
and  is  only  advanced  as  a  possible  supposition.  He 
considers  the  conducting  power  to  depend  upon  the 
relative  distances  between  the  conducting  particles 
entering  into  the  constitution  of  a  mass  of  matter; 
and  that  as  these  particles  are  at  different  distanocss 
m  different  bodies,  the  electric  fluid,  in  its  passage 
from  one  molecule  to  another,  has  a  non-conducti»g 
space  to  traverse  of  variable  magnitude.  These  con- 
ducting molecules  being  uniformly  disposed  in  «iy 
given  body,  it  follows  that  the  non-conducting  spaces, 
and  therefore  the  imperfect  conducting  power,  is  con- 
stant for  the  same  body. 

Whatever  may  be  the  cause  or  mode  of  its  actiofi> 
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we  mutt  ia  some  sense  caoakler  the  nou-condtictlng 
*  property  a  force,  for  it  give*  to  the  particles  of  matter 
'  that  are  po5scs*etl  of  it,  the  power  not  only  of  pre- 
venting;- the  motioa  of  the  electric  uifKleculeis  along 
the  &iirfiice  of  a  aon-conductorj  but  it  enables  the 
body  itself  to  retain  them  with  some  degree  of  power. 
Suchy  at  least,  is  the  inference  we  are  iDclinetl  to 
draw  from  the  circumstance  thiit  of  two  excited  sub- 
stances, the  one  a  conductor,  and  the  other  a  non- 
conductor, placed  in  vacuo ;  the  non-conductor  retains 
its  electricity  much  longer  than  the  conductor  does. 

^  IL  On  the  gradual  dmipation  of  elect ricity, 

(<M.)  It  nanst  already  have  been  remarked,  tliat  in 
all  cases  where  an  excited  body  has  been  left  exposed 
to  the  action  of  the  air,  even  in  a  slate  of  insulation, 
a  partial  or  total  loss  of  its  electricity  takes  place. 
Thus  the  pith  balls,  described  in  art.  16,  if  at  first 
divergent  from  excitation,  will,  iu  process  of  time, 
without  the  contact  of  any  conducting  body,  again 
collapse.  There  appear  to  be  three  principid  causes 
cooperatine  to  produce  this  effect. 

I.  The  imperfection  of  the  insulating  property  in 
all  known  solids. 

5.  The  contact  of  successive  portions  of  air,  of 
which  every  particle  carries  away  its  own  charge  of 
electricity. 

3*  The  deposition  of  moisture  upon  the  surface  of 
an  insulating  body,  tending*  to  increase  its  conducting 
power. 

(65.)  With  regard  to  the  first  of  these  causes,  it 
woald  appear  that  there  is  no  such  thin^  in  nature  as 
a  perfectly  insulating  body,  that  is  to  say,  there  is  no 
iBb^ance  known  of  which  any  portion,  however  small, 
vfll  insulate  any  electricity  however  great  its  inten- 
Mt^F*  The  proof  of  this  is  nbimdantly  simple  ;  for  if  a 
nail  cylinder  of  any  substance  be  taken  from  ajuong 
thete  whieh  are  considered  the  best  insidators,  and 
placed  m>  as  to  have  one  end  in  contact  with  the  prime 
oonductor  of  an  electrical  macine.  it  will  be  found, 
upon  trial,  that  after  a  short  interval  of  time  has 
elapsed,  even  those  points  most  disfant  from  the 
excited  conductor  have  acquired  electricity  of  the 
same  kimi,  with  which  the  conductor  was  charged. 
We  have,  however,  mentioned  already^  that  in  prac- 
tice, by  diminishing  the  intensity  of  I  he  electricity, 
or  ioereosing  the  length  of  the  substance  it  has  to 
traverse,  a  sufficiently  accurate  degree  of  insulation 
may  be  obtained. 

^.  In  the  next  place,  every  particle  of  air  in  contact 
with  an  excited  body,  must  itself  receive  a  charge  of 
electricity,  and  the  eflfect  of  this  charge  will  be  to  pro- 
duce a  repulsion  between  the  particles  and  the  body, 
and  a  eoii9eqi»ent  separation,  by  which  some  other  par- 
tidewil!  be  in  the  same  manner  admitted  to  receive  a 
ifamlar  charge,  and  thus  a  perpetual  tliminution  of  the 
deetrieal  intensity  of  the  excited  body  is  firoduced. 
It  if  further  clear,  that  whether  the  aqueous  vapour, 
which  the  air  contains,  be  in  combination  with  the 
airwd  taoleettles  or  independent  of  them,  the  re- 
fctiltiitg  elTeet  of  its  presence  is  to  aid  the  dissipation 
of  electrreity  j  it>r  in  the  one  case  it  will  increase  the 
camlncfting,  and  therefore  the  receiving  power  of  the 
ilHal  iifolecnlw,  while  in  the  other  it  would  add  a 
Idghly  altenuated  atmosphere  of  an  almost  perfectly 
condoctrog  substance. 

3<.  The  third  source  of  electrical  dis&rpatkon  arises 


from  the  same  causa,  operating  in  a  different  manner;    ChAp.  UL 
here  the  vajiour,  being  condensed,  is  deposited   upon  ^'s^.-^^^n**^ 
the  surface  of  the  insulaltng  body,  and  thus  a  chain  of 
conducting  particles  is  formed  to  convey  the  electri- 
city to  the  earth. 

(66.)  The  experiments  by  which  the  actual  e6:ect3 
of  these  disturbatices,  under  given  circumstances,  have 
been  investigated,  are  among  the  most  laborious  re- 
searches of  M.  Coulomb,  The  instrument  which  he 
employed  on  this  occasion  has  already  been  inci- 
dentally mentioned ;  but  as  almost  every  application 
of  it  to  a  practical  purpose  involves  some  cakulatiouj 
and  presupposes  a  knowledge  of  the  exact  laws  of 
electrical  action,  we  shall  here  present  such  a  sum- 
mary of  his  results  as  may  be  thought  essential  to 
the  practical  applications  of  our  subject,  and  leave 
their  strict  investigation  to  the  more  powerful  resources 
of  theoretical  electricity. 

In  attempting  to  avoid  the  first  of  these  sources 
of  electrical  dissipation^  M.  Coulomb  was  very  suc- 
cessful J  for  he  found  that  within  certain  limits,  and 
by  adopting  certain  precautions,  its  e fleets  became 
absolutely  imperceptible.  Thus  when  the  charge  of 
electricity  communicated  to  the  body  was  such  as  not 
to  produce  a  high  degree  of  repulsive  intensity,  a 
small  cylinder  of  sealing-wax,  or  gum-lac,  half  a  line 
in  diameter,  and  eighteen  or  twenty  lines  iu  length, 
would  be  sufficient  to  insulate  a  pith  ball  of  five  or 
six  lines  in  diameter.  That  complete  insulation,  as 
far  as  the  su|iport  was  concerned,  had  thus  been  ob- 
tained, was  proved  by  this  fact,  that  the  gradual 
diminution  of  electrical  intensity  measured  by  re- 
pulsion was  the  same,  whether  one  or  more  of  these 
cylinders  were  employed  for  the  support  of  the  elec- 
trified hall. 

By  meons  of  a  very  delicate  torsion  electrometer, 
Coulotnb  then  examined  the  conjoined  effec  ts  of  the 
two  remaining  causes  of  electrical  dissipation  ^  he 
found  that  by  carefully  selecting  such  substances  as 
were  most  unfavourable  to  the  reception  of  moisture, 
and  by  employing  cylinders,  or  rather  filaments  of 
small  diameter,  so  that  but  Little  could  be  received 
upon  their  surfaces,  he  was  enabled  to  reduce  the 
dispersive  action  almost  entirely  to  the  second  source 
of  loss  mentioned.  The  following  are  his  general 
conclusions  : 

1.  That  in  a  given  state  of  the  atmosphere  (accord- 
ing to  barometric,  t  her  mo  me  trie,  and  hygrometric 
indications,)  the  dissipation  in  any  given  sbi»rt  time, 
varied  directly  as  the  repulsive  intensity  of  the  charge, 

2.  Hence,  by  ascertaining  upon  any  day  the  r.ite 
of  dissipation  for  any  given  intensity,  the  dissipation 
ff)T  any  other  intensity  may  be  cidculated  from  the 
above  law. 

3.  Hence  also,  having  given  the  initial  intensity, 
and  the  law  of  dissipation  ascertained  by  experiment, 
the  repulsion,  after  any  time  elapsed,  may  be  de- 
termined, 

{67'}  To  this  point  Coulomb  h«\d  arrived,  employ- 
ing balls  of  the  same  substance,  and  of  the  same 
magnitnde  for  his  experiments.  He  then  proceeds 
to  prove  that  the  law  is  genend  for  balls  of  different 
substances,  pith,  copper,  and  wax,  whatever  be  their 
magnitudes.  An  inquiry  here  obviously  suggested 
itself,  connected  with  the  very  different  natures  of 
these  bodies.  Does  an  insulated  and  electrized  globe 
of  wax,  or  any  non-conductor,  retain  its  electricity 
l2 
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Practical  by  a  peculiar  and  predisposing  affinity  different  from 
Electricity,  that  by  which  a  copper  ball,  or  one  from  among  the 
^**^\^"*^  conducting  class,  retains  its  electricity?  Experiments 
seem  to  prove  the  contrary,  and  the  inference  which 
may  be  drawn  from  them  is,  that  the  air  alone,  by  its 
pressure  and  non-conducting  property,  performs  a 
very  principal  part  at  least  in  restraining  the  electric 
fluid  from  expanding  itself  in  space  and  leaving  the 
excited  body. 

From  spherical  bodies  we  are  next  led  to  consider 
the  loss  of  electricity  from  substances  of  any  regular 
or  irregular  figure  j  and  it  appears  that  all  such  cases 
are  subject  to  laws  identical  with  those  already  de- 
scribed. In  making  these  experiments,  however, 
there  are  some  circumstances  to  be  taken  into  the 
account,  to  which  we  have  already  adverted  in  speak- 
ing of  the  effect  of  points  in  dissipating  electricity; 
for  this  reason  it  is  necessary  that  in  these  experi- 
ments, electrical  charges  of  very  low  intensity  should 
be  communicated  to  bodies  with  angular  points  or 
projecting  surfaces. 

A  curious  experiment  connected  with  this  part  of 
our  subject  has  been  made  by  M.  Biot.  He  wished 
to  ascertain  whether  the  dissipation  was  the  same, 
with  whichsoever  of  the  electricities  the  ball  of  the 
electrometer  was  charged ;  and  he  foimd  that  there 
was  so  little  difference  in  the  effect  produced,  as  to 
lead  him  to  infer,  that  with  perfect  accuracy  of  expe- 
riments, the  loss  would  have  been  equal  in  each  case. 

(68.)  In  the  next  place,  considering  the  law  of 
dispersion  ascertained  for  perfect  insulators,  it  was 
easy  to  separate  and  determine  the  loss  arising  from 
imperfect  insulation.  It  appeared  that  a  ball,  highly 
charged  with  electricity,  and  suspended  by  a  silken 
thread,  suffered  a  much  more  rapid  dissipation  than 
could  be  due  to  the  effect  of  the  air  alone  3  but  that 
the  electricity  arrived  at  length  at  a  certain  point 
of  diminished  intensity,  such  that  the  silk  now  insu- 
lated as  perfectly  as  the  gum-lac  had  before  done,  and 
the  gradual  loss  became  precisely  such  as  might  be 
accounted  for,  from  the  action  of  the  air  alone.  It 
was  proved,  moreover,  that  the  greater  was  the  loss 
from  the  state  of  the  atmosphere,  the  greater  also 
was  the  increase  of  the  loss  from  the  imperfection  of 
the  insulation. 

(69.)  Of  the  ordinary  atmospherical  changes; 
those  which  have  the  most  intimate  connection  with 
the  presence  of  moisture,  seem, -as  might  have  been 
expected,  to  produce  the  most  material  effects  upon 
the  dissipation  of  electricity ;  but  Coulomb's  most 
^»reful  investigations  did  not  lead  him  to  place  confi- 
dence in  even  the  united  indications  afforded  by  the 
barometer,  thermometer,  and  hygrometer,  for  pro- 
ducing a  law  of  electrical  dissipation,  which  could  be 
accurately  expressed  in  terms  of  these  elements.  It 
appeared,  in  fact,  that  some  time  must  always  elapse, 
before  these  instruments  exhibited  the  true  state  of 
the  air  with  reference  to  the  power  of  electrical 
dissipation.  Hence,  on  different  days,  when  these 
three  instruments  seemed  to  indicate  the  same  state 
of  the  atmosphere,  the  quantities  of  electricity  lost 
iti  a  given  time  would  not  be  the  same.  It  appeared 
iliat  on  a  sudden  change  of  weather,  by  which  the 
hygrometer  indicated  increased  dryness  in  the  atmos- 
phere, the  quantity  of  electricity  lost  in  a  given  time 
was  not  diminished  so  much  as,  from  calculation,  it 
ought  to  have  been.    iL  Coulomb  attempte  to  ac- 


count for  this  on  the  supposition  that  there  is  an  C 
adhesion  between  the  air  and  the  vapour,  which  inter-  ^ 
feres  with  the  operation  of  the  hygprometer ;  so  that 
the  material  by  which  in  this  instrunient  the  indica- 
tions are  obtained,  can  only  be  affected  by  that  portion 
of  moisture  which  is  entirely  free  from  the  atrial 
particles,  and  that  as  these  are  only  gradually  sepa- 
rated, the  dissipation  of  electricity  being  the  more 
subtle  agent,  is  assisted  by  certain  particles  of  aqueous, 
vapour  remaining  in  combination  with  the  air,  but  of 
which  the  hygrometer  is  not  sensible. 

§  III.  Di8trU)uHon,  or  local  arrangement,  of  electricity, 

(70.)  Does  electricity  reside  only  at  the  surface  of  D 
bodies,  or  is  it  expanded  throughout  the  whole  of" 
their  substance  ?  This  important  question  did  not 
escape  the  penetration  of  some  of  the  early  experi- 
mentalists upon  the  subject  before  us.  Watson 
showed  that  the  electric  fluid  did  not  pass  along  the 
exterior  surface  of  a  metallic  rod  ;  for  he  found  that 
an  entire  coating  of  wax  did  not  in  the  least  impede 
the  transmission  of  any  charge,  large  or  small,  through 
the  conductor.  Experiments  to  the  same  purpose 
were  made  about  the  same  time  (1746,)  by  M.  le 
Monnier.  By  considering  the  equal  division  of  elec- 
tricity, which  takes  place  between  two  bodies  of  equal 
surface  and  similar  form,  whatsoever  be  their  nature, 
as  proved  by  an  experiment  of  Coulomb,  and  that  the 
same  takes  place  if  one  body  be  a  solid,  and  the  other 
the  thinnest  possible  shell  of  matter,  we  may  justly 
be  led  to  suppose,  that  all  the  electricity  which  any 
excited  body  is  capable  of  retaining,  resides  some- 
where in  the  region  of  the  exterior  surface  of  the 
body.  Thus  far,  however,  M.  Achard  had  arrived  in 
1780.  {Mim.  Acad.  Berl.) 

(71.)  The  following  experiment  contains  an  elegant 
practical  demonstration  of  this  truth.  Let  S,  in  fig.  46, 
represent  any  spheroid  of  conducting  matter,  sus- 
pended by  a  thread  of  some  perfectly  insulating  sub* 
stance.  Let  E  E  be  two  caps  formed  of  gilt-paper, 
tin-foil,  or  any  conductor,  and  such  that  when  united 
they  accurately  fit  the  surface  of  the  spheroid.  An 
insulating  handle  of  gum-lac  is  also  affixed  to  each  of 
the  caps.  Now  let  there  be  communicated  to  th6 
ball  S  any  degree  of  electricity,  and  then  carefully 
apply  to  its  surface  the  two  caps,  holding  them  by 
their  cylinders  of  gum-lac.  Upon  the  removal  of 
the  caps,  it  will  be  found  that  every  particle  of  elec- 
tricity has  been  abstracted  from  the  spheroid,  so  that 
it  will  no  longer  affect  the  most  delicate  electrometer ; 
whilst  the  two  caps  will  be  found,  upon  accurate  trial, 
to  have  acquired  precisely  the  same  quantity  of  elec- 
tricity which  formerly  resided  upon  the  body  S. 

(72.)  A  proof  of  the  same  position,  by  M.  Coulomb, 
is,  however,  more  general,  inasmuch  as  it  is  applica- 
ble to  bodies  of  every  possible  form.  The  general 
outline  of  the  experiment  is  as  follows  :  By  means 
of  the  torsion  electrometer,  and  the  proof  plane 
which  we  have  already  cursorily  described.  Coulomb 
was  able  to  measure  the  quantity  or  intensity  of  the 
electricity  conveyed  away  by  the  proof  plane  frt)ni 
any  point  in  an  electrified  body ;  and  the  quantity  thuA 
removed  was  proportioned  to  the  quantity  of  fluid 
distributed  to  the  point  at  which  the  contact  had 
taken  place.  Having  prepared  the  substance  upon 
which  he  proposed  to  examine  the  distribution  of  the 
fluids  by  perforating  it  with  several  bolosj  reaching  to 
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different  depths,  and  being  able  by  means  of  tbe  proof 
•  plane  to  convey  away  chfirges  of  tluid  from  the  bottom 
^  Of  sides  of  these  holes,  if  any  there  existed,  he  found 
that  the  whole  charge  of  electricity  was  arranged 
round  tbe  outer  surface  of  the  body,  and  that  not  a 
particle  of  electricity  was  to  be  discovered  at  the 
bottom  or  sides  of  any  of  these  holes* 

(73.)  Wc  borrow  from  M,  Biot  the  following  very 
elegant  experiment,  exhibiting  the  efiFect  of  increasing 
the  surface  over  which  a  given  quantity  of  electricity 
is  distributed.  AB,  fig.  47>  is  an  insulated  cylinder, 
movable  round  an  horizontal  axis^  and  capable  of 
being  turned  by  an  insulating  handle  M.  Around  the 
cylinder  is  coiled  a  thin  laniina  of  any  metal  II,  the 
id  of  which  is  semicircular,  and  has  attached  to  it 
5 ilk  thread  F.    The  metal  and  cylinder  communicate 

th  an  electroscope  formed  of  two  linen  threads  Jj\ 
to  the  extremities  of  which  two  pith  balls  are  attached. 
On  communicating  to  the  metallic  riband  a  charge  of 
electricity,  the  balls  and  the  threads  diverge.  Upon 
taking  hold  of  the  silk  tliread,  and  unrolling  the  me- 
tallic riband  from  the  cylinder,  the  pith  balls  gradually 
collapse,  and  thus  indicate  a  diminution  in  the  in- 
tensity of  electrical  repulsion  ;  and  if  the  riband  be 
iufficiently  long,  the  electrical  charge  may  be  spread 
over  so  great  an  extent  of  surface,  as  to  allow  the 
balls  entirely  to  collapse  j  but  on  winding  up  tbe 
riband  again,  the  intensity  is  restored  and  the  balls 
diverge  to  the  same  extent  as  before,  allowing  only 
for  the  small  dissipation  of  electricity  which  may  have 
been  produced  by  the  contact  of  the  air  during  the 
experiment, 

(74.)  On  the  whole,  then,  it  appears  that  electricity 
does  not  reside  upon  the  exterior  surface  of  an  excited 
conductor,  but  that  it  is  in  reality  within  the  sub- 
itaocc  of  the  body,  but  extending  to  a  depth  so  slight, 
as  to  be  inappreciable  by  any  known  methods  of 
experiment, 

(75,)  Tbe  next  point  to  be  ascertained,  relates  to 
the  intensity  of  electricity  disposed  around  the  sur- 
^ces  of  bodies  of  differeni  forms ;  or  supposing  (if  not 
in  reality,  at  least  for  the  sake  of  illustration,)  that  the 
fluid  is  disposed  as  a  stratum  of  some  material  sub- 
stance, to  Hnd  the  relative  thickness  of  that  bed  at 
different  points.  In  the  case  of  an  electrified  and  in- 
sulated sphere,  the  intensity  is  found  to  be  the  same 
at  ei'ery  part  of  the  surface.  But  in  a  cylinder,  or 
bar,  the  electrical  intensity  is  much  greater  at  the 
ends  than  at  the  middle,  and  the  ratio  of  this  inequality 
of  distribution  increases  very  rapidly  in  proportion 
to  the  dimension  of  the  diameter  of  a  bar  of  given 
length. 

(76-)  A  few  other  cases  of  electrical  distribution 
may  here  be  mentioned  as  facts,  the  rationale  and  de- 
mons Initio  n  of  which  it  my  St  be  left  for  our  theory 
to  explain*  Two  spheres  of  conducting  matter  being 
placed  in  contact,  and  charged  with  either  electricity, 
the  fluid  will  be  distributed  between  them,  and  repose 
at  their  surfaces  in  the  following  manner  :  At  their 
point  of  contact  there  \iili  be  no  free  electricity,  but 
the  bed  of  fluid  will  increase  in  thickness  from  this 
point  over  each  of  their  surfaces  according  to  a  law, 
depending  upon  the  ratios  of  their  respective  dia- 
meters, and  will  arrive  at  its  maximum  thickness  on 
each  sphere  at  the  point  diametrically  opposite  to 
that  of  contact.  The  maximum  thickness  of  the  bed 
upou  the  flmallcr  spbere,  will  ht  greater  than  th« 


maximum  thickness  of  tbe  bed  upon  the  larger  sphere*  Cb^p.  IIL 
After  the  dhiani  separation  of  the  spheres,  each  will  '^ 
retain  the  electricity  it  possessed  during  the  contact, 
and  the  quantity  retained  by  each,  and  therefore  the 
electrical  charge  which  each  will  now  have  uniformly 
distributed  over  its  surface,  will  be  determinable  also 
by  the  ratio  existing  between  the  radii  of  the  spheres. 
The  smaller  will  evidently  retain  a  charge  of  greater 
intensity  ;  because  the  actual  quantity  upon  its  whole 
superficies,  though  less  than  the  qutuitity  upon  the 
superficies  of  the  larger  globe^  is  disposed  over  a  much 
smaller  surface. 

The  facts  which  have  now  been  recited  concerning 
the  distribution  of  electricity  upon  two  spheres  which 
have  been  in  contact^  are  true  only  when  they  arc 
removed  to  such  a  distance  from  each  other,  as  to 
preclude  all  mutual  influence,  a  subject  which  wc 
ghall  not  be  able  to  investigate,  until  a  further  ac* 
qimintance  with  the  principles  of  electrical  induction* 
Upon  a  cnmparisou  of  the  quantitative  distribution 
of  electricity  between  an  excited  globe  and  a  circular 
disc  placed  in  contact,  M*  Coulomb  found  that  this 
distribution  was  in  the  direct  ratio  of  the  entire  sur- 
faces of  the  two  bodies. 

(77,)  It  follows  from  tlicse  observations,  that  we 
may  represent  the  arrangement  of  electricity  upon  an 
insulated  metal  sphere  by  the  diagram  fig.  48.  In 
this  case  the  figure  is  in  one  respect  designedly  in- 
correct, because  the  dotted  line  which  is  suppoi^ed  to 
represent  the  exterior  surface  of  tbe  stratum  of  fluid 
is  without  the  sphere,  when,  in  fact,  to  produce  a  true 
representation  of  the  case,  it  ought  to  coincide  wilh 
the  surface  ;  but  we  shall  find  this  a  necessary  evil 
in  order  to  miike  the  electrical  distribution  and  tensiou 
wliich  is  produced  in  bodies  of  other  forms,  the  more 
intelligible.  We  suppose  then  a  line  p,  perpendicular 
to  the  surface  of  the  sphere  at  any  point,  to  measure 
the  thickness  of  the  bed  of  finid,  and  therefore  to  be, 
according  lo  some  ratio,  a  representation  of  the  elec- 
trical intensity  at  that  point.  In  a  similar  manner, 
fig.  49,  may  be  taken  as  a  representation  of  the  quan- 
titative distribution  of  electricity  at  different  parts  of 
the  insulated  and  electrified  bar  A  B,  The  series  of 
ordi nates  drawn  from  the  bar  to  the  points  mn  opq, 
may  be  supposed  to  represent  the  thickness  of  the 
electrical  stratum  at  these  points  respectively  j  and 
from  a  series  of  such  ordinates,  we  may  obtain  the 
dotted  line  m  n  o  p  q^  to  give  a  general  representa- 
tion t>f  the  distribution  of  the  electricity  upon  tbe  bar. 
Now  it  has  been  proved  that  the  pressure  exerted  by 
electricity,  which  we  may  term  the  electrical  reaction, 
against  the  air,  varies  as  the  square  of  tlie  thickness 
of  the  electrical  stratum  j  and  therefore  the  squares  of 
all  these  ordinates  may  represent  the  electric  tension 
at  these  points  respectively.  By  an  application  of  this 
reiisoning  to  the  action  of  a  point,  we  shall  readily 
account  for  the  powerful  dispersion  of  electricity 
which  we  have  before  mentioned  as  taking  place  from 
all  bodies  of  that  form.  In  fig.  50,  let  C  be  the  ex- 
tremity of  the  electrified  prime  conductor  of  a  ma- 
chine; D  a  metallic  point  communicating  with  the 
conductor.  On  the  principles  we  have  laid  down, 
the  dotted  line  n  o  p,  will  give  some  idea  of  the 
distribution  of  the  fluid  j  and  the  perpendicular  line 
P  p  may  be  supposed  to  represent  the  thickness  of 
tbe  stratum  of  fluid  accumulated  at  the  extreme  point 
r.     Supposing  this  point  P  perfectly  acute,  the  form 
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PrActical  of  the  curve  »  a  p,  will  depend  principally  upon  the 
Ekctnctty^  general  furm  of  the  conductor,  and  the  cjuantity  of 
electricity  communicated  to  it.  Now  the  resistance 
of  the  ttir  which  is  the  force  opposing  the  dispersion 
of  electricity  from  conducting  surfaces  of  all  kinds, 
Taries  with  its  density,  its  hygrometric  state,  and  pro- 
bably its  temperature.  Hence  for  every  dei^ee  of 
atmospherical  resistance,  there  is  some  intensity  of 
electrical  repulsion  proportioned  to  the  square  of  the 
line  P  p,  by  which  this  resi^tanc^e  may  be  overcome, 
and  the  electricity  may  disperse  itself  into  the  sur- 
rounding atmosphere.  Antl  it  is  found  by  experience, 
that  in  the  ordinary  state  of  tlie  atmosphere,  it  does 
not  require  any  very  great  quantity  of  electricity  to 
be  imparted  to  a  conductor  for  the  production  of  this 
effect  with  a  point  of  moderate  acutencss. 

Tbe  following  experiments,  in  addition  to  some 
that  have  been  mlduced  under  the  head  of  electrical 
light,  are  illustrative  of  this  species  of  action, 

(7^.)  Exp*  Affix  to  the  prime  conductor  of  a  ma- 
chine, a  pair  of  pith  balls  suspended  by  a  fine  silver 
wire,  as  described  in  ar*  16,  and  let  the  conductor 
be  charged  with  either  electricity,  the  pith  balls  ma- 
nifest the  presence  of  this  electricity  by  their  diverg- 
ence. If  now  we  hold  a  pointed  metal  rml  in  the 
hand,  presenting  the  point  near  to  the  conducting 
cylinder,  but  without  touching  it,  the  electrical  charge 
is  rapidly  withdrawn,  and  the  balls  collapse.  This 
experiment  is  rendered  more  striking,  by  repeating  it 
with  a  rod  having  a  large  ball  at  the  end,  instead  of 
the  point*  taking  care  that  no  spark  pass  from  the 
conductor  to  the  ball.  In  this  case  the  divergency  of 
the  wires  continues  for  a  much  longer  time;  there- 
fore the  metal  ball  haij  not  absorbed  the  electricity 
with  the  rapidity  that  the  points  produced  in  the 
former  experi meals.  It  is  quite  immaterial  whether 
we  had  (Jfesented  the  point  to  the  conductor  for  the 
abstraction  of  electricity,  or  had  affixed  the  point 
to  the  conductor  for  its  dispersion.  Hence  in  all 
cases,  points  and  angular  bodies  absorb  and  emit  the 
electric  fluid,  with  much  greater  rapidity  than  those 
bodies  u  hich  have  obtuse  or  pkme  surfaces. 

(79.)  Ejp,  Let  two  cross  wires  A  Bj  C  I)>  fig.  51, 


be  supported  by  means  of  a  cap  H  wpoo  a  fine  pohut 
at  the  top  of  an  insulating  stand,  and  made  to  conn-* 

municate  by  a  chain  with  the  electriHed  conductor  otf 
a  machine.  Let  each  of  the  tour  arms  terminate  in  a 
point  bent  in  a  similar  direction  with  regard  to  the 
axis,  as  the  figure  represents.  Each  of  these  points 
will  give  ofiF  a  current  of  electricity,  which  from  the 
reaction  of  the  resisting  medium  the  air,  will  cause 
the  system  of  {mints  to  revolve  backwards  with  coii^ 
siderable  rapidity. 

(80.)  £xp.  Fig.  52  is  a  representation  of  an  elegant 
little  experiment  depending  upan  the  same  principle. 
Two  wires  A  B,  C  D  are  stretched  in  the  direction  of 
a  plane  slightly  inclined  to  the  horizon,  between  four 
insulating  pillars.  Across  these  wires  another  wire 
is  made  to  rest,  having  a  cro^s  wire  at  right  angles 
to  it  with  two  bent  points,  as  in  the  former  cx|ieri- 
ment.  This  system  is  elcctrilied  by  ft»rming  a  com* 
munication  with  the  prime  comluctor  by  means  of  H 
chain,  as  seen  at  A  ;  and  by  the  revolution  of  the 
bars,  dejicndant  upon  the  dispersion  of  electricity  from 
the  points,  the  transverse  wire  is  made  to  roll  up  the 
inclined  plane. 

(8L)  Eip,  In  fig.  5S  A  js  a  metal  sphere,  the  in- 
terior concave  surface  of  which  rests  upon  a  fine  i>oint 
surmounting  an  insulated  stand.  From  the  sphere  A, 
an  arm  is  extended,  which  carries  upon  a  point  at  its 
extremily  a  smaUer  ballB,  with  a  wire  passing  through 
it,  which  wire  hoars  at  one  end  another  small  fixed 
globe,  and  at  the  opposite  end  a  bent  point.  There 
is  also  affixed  to  the  arm  passing  from  A  to  B,  a  point 
1)  extended  in  the  plane  of  the  horizon.  Let  elec- 
tricity be  comnumicated  to  this  system  by  a  chain  as 
before-  The  dispersion  of  electricity  from  the  lyo'mt 
D,  will  cause  the  ball  B  to  revolve  round  A ;  while  at 
the  same  time  the  dispersion  from  the  point,  at  tbe 
extremity  of  the  rod  C  B,  causes  the  ball  C  to  re  vol  re 
round  B.  This  then,  supposing  A  to  represent  the 
sun,  B  the  earth,  and  C  the  moon,  is  called  the  elec 
trical  orrery. 

See  also  Cavallo's  and  Singer's  Elfctriciiy ;  Coulomb, 
M6n.  Jmd.  Paris,  1784,  17^5,  IJSG,  I787,  and  1788; 
Biot,  Pht/siqu€}  Libes^  Phtjsiquei  Fischer^  Phpique, 
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CHAPTER  IV, 

On  the  nature  of  electrkal  induction,  and  on  the  hypotheses  of  Du  Fatf,  Symmeri  and  f]rankiiA, 


Electrical 
iuduclioa. 


As  far  as  we  have  hitherto  proceeded  in  invest!-* 
gating  the  principles  of  the  science  before  us,  we 
have  spoken  of  electricity  developed  by  mecbanical 
friction,  and  have  given  a  pledge,  that  we  will  here- 
after  lay  before  our  readers  the  other  known  sources 
of  electrical  excitation ;  but  as  a  considerable  pro- 
portion of  important  electrical  apparatus  depends  upon 
the  excitement  caused  by  induction  or  influence,  w^e 
devote  the  present  chapter  to  an  examination  of  this 
most  interesting  branch  of  our  subject. 

(82.)  Let  a  horiiontal  cylindrical  conductor  B, 
fig.  54,  with  hemispherical  ends,  rest  upon  an  insu* 
lating  stand.  Let  there  be  suspended  from  it  at 
different  poiJits,  pairs  of  pith  balls  attached  to  fine 
wires  or  linen  threads,  and  provide  that  the  conductor 
shall  have  no  free  electricity  by  touclling  it  with  the 


hand.  Carefully  presenting  its  state  of  insulation, 
let  it  be  brought  near  to  an  electritied  body  A,  at  the 
same  time  keeping  the  bodies  at  such  a  distance  that 
no  electricity  may  be  transmitted  from  A  to  B  by  a 
spark.     The  following  effects  then  take  place. 

1.  The  balls  placed  at  the  extremities  of  the 
cylinder  diverge,  and  thus  prove  it  to  have  bec0m€ 
electrified. 

%.  This  divergency  decreases  towards  the  middle 
of  the  cylinder,  where  a  point  may  be  found  at  whicli 
no  repulsion  is  manifested. 

3.  This  point  of  no n -excitement  varies  its  position 
upon  the  cylinder,  according  as  this  conductor  is 
moved  nearer  to  or  further  from  the  electrified  body. 

4.  If  an  unclectrificd  pith  ball,  suspended  by  & 
silken  thready  be  made  la  approach  the  cyliitder  at 
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diiferent  parts  of  its  length,  the  ball  will  be  attracted 
in  all  positions^  the  neutral  poiui  before  nicntionci) 
algoe  ex.cepte(L 

S.  But  if  tlie  pith  ball  be  previously  ekctrified,  it 
irill  be  attracted  by  one  end  of  the  cylinder,  and  re- 
pelled by  the  other  endj  shov^^ing  that  the  two 
CEXtremities  of  the  conductor  are  charged  with  the 
opposite  electricities. 

^.  In  fact,  if  we  touch  the  two  extremities  of  the 
cylinder,  successively,  with  a  small  iiisulated  con- 
ducting  body,  such  a^  the  proof  [ilane,  and  examine 
the  nature  of  the  electricity  which  is  removed  at 
each  contact,  we  shall  find  that  at  the  extremity  of 
the  conductor  nearest  to  tlrn  electrified  body  A,  the 
electricity  is  of  the  kind  opposite  to  that  of  A,  while 
that  at  the  other  end  of  the  conductor  id  tdeatical 
wiib  it. 

7.  If  the  cylinder  be  removed  to  a  distance  from 
Ibe  electrified  body  A,  or  if  we  remove  the  electricity 
of  thi^  body  by  touching  it,  all  si^ns  of  excitement  in 
the  conductor  immediately  cease« 

S»  In  this  expcnment,  as  far  as  the  first  six  results 
are  concerned,  the  body  A,  primarily  electrified,  loses 
nothing  by  the  influence  which  it  exerts.  No  ptirt  of 
its  ow^n  electricity  is  transmitted  to  the  cylinder,  for 
if  (by  Coulomb's  method)  the  intensity  of  its  elec- 
trical excitement  be  measured,  before  and  after  the 
experiment,  it  will  be  found  to  have  undergone  no 
diffiiiiution,  save  that  which  is  necessarily  occasioned 
hf  the  ordinary  dissipation  due  to  the  contact  of  the 

9,  Tins  uniformity  of  condition  ejosts  only  when 
the  body  A  is  free  from  the  influence  of  the  insulated 
cyiinder  j  for  as  long  as  the  cylinder  is  near  to  the 
dectrilied  body  (this  body  being  of  conducting  matter,) 
the  electrical  tnte^isity  upon  its  surface  is  different,  as 
Biay  be  proved  by  experiment* 

la  If,  without  touching  the  electrified  body,  we 
remoire  the  conducting  cylinder  to  a  distance,  imd 
n^ci  bring  it  bock  several  times  alternately,  the 
phenomena  described  appear  and  disappear  without 

iergoing  any  alteration, 
1(85.)  From  the  enunciation  of  these  reaults>  the 
:»wing  conseqi^nces  are  deduciblc, 

1.  Since  the  cylinder  abstracts  nothing  from  the 
dectri6ed  body,  it  follows  that  the  two  electrical 
principles  are  contained  within  its  own  substance, 
mad  are  developed  by  the  influence  of  the  excited  body. 
S,  Since  the  two  electricities  disappear  as  soon  as 
tbfe  influence  of  the  foreign  body  ceases,  although 
ihit$e  electricities  are  prevented  by  the  insulation  from 
cioiping  to  the  earthy  it  follows  that  their  res].K*ctive 
ffoportions  are  such  that  when  left  to  themselves, 
tbey  produce  mutual  saturation.  3.  Lastly,  that  sa- 
turation is  effected  without  their  absolute  dcstrnction, 
kesose  they  reappear  fis  often  as  the  cylinder  is 
tttb|«ctcd  to  the  influence  of  the  foreign  electrified 
body* 

Thus  are  we  led  to  the  recognition  of  this  fact, 
that  the  principles  of  the  two  electricities  exist  na- 
turally in  all  conducting  bodies,  in  such  a  state  of 
combination  as  to  produce  mutual  neutralization. 
This  then  is  what  wc  call  the  natural  state  of  bodies. 
He  perceive  that  friction  wliich  appears  a  method  of 
calling  the  electricities  itito  existence,  is  only  a  pro- 
cess bf  which  they  are  disengaged  from  their  state 
nf  natural  comblQation^  the  presence  of  either  one 


then  being  rendered  apparent  upon  the  absorption  of  Chap.  TV. 
the  other.  Hence  it  is^  doubtless,  that  we  constantly 
observe  that  the  substance  rubbing,  and  the  substance 
rubbed,  manifest  the  opposite  electrical  states.  In 
short,  since  the  mere  infiuence  of  an  electrified  body, 
presented  at  a  distance,  compels  these  two  electricities 
to  se|jarate  from  each  other,  and  to  distribute  them- 
selves so  that  those  of  a  dissimilar  nature  should  be 
nearest  to  each  other,  and  those  of  the  same  nature 
removed  furthest  from  each  other  5  to  enunciate  this 
fact,  we  must  admit  that  the  eLcciricitks  of  the  opfyosile 
kind  ai tract  each  othtr,  ami  tht  ekctrkUUs  of  the  mme 
kind  Tepal emh  other,  according  to  some  certain  laws 
which  il  is  the  province  of  the  experimentalist  to 
invest  igatOi 

There  is,  however,  one  phenomenon  which  may 
require  further  consideration.  We  remarked  in  the 
experiment  last  recited,  that  the  electrical  intensity 
of  the  body  A  untlerwent  some  change,  which  change 
was  permanent  only  so  long  as  the  cylinder  was 
presented  to  it.  Now  as  the  free  electricity  at  the 
surface  of  any  body  acts  at  a  distance  upon  the  latent 
electricities  of  any  other  body,  and  destroys  in  part, 
at  least,  their  combination,  it  is  evident  that  these 
once  set  free,  ought  in  their  turn,  to  act  ujmn  the 
body  which  has  set  them  free,  and  change  the  elec- 
trical intensity  of  all  points  in  its  surface,  either  by 
constraining  the  free  electricity  which  is  found  there 
to  assnrae  some  new  distribution,  or  by  adding  to 
this  electricity  that  which  the  body  umy  furnish  from 
the  decomposition  of  its  natural  latent  electricities, 
or,  lastly,  by  producing  both  these  effects  simul- 
taneously. 

Further,  the  decomposition  of  the  combined  elec- 
tricities in  this  case,  is  indispensably  necessai7  to  the 
production  of  attraction,  for  the  attraction  is  dimi- 
nished in  proportion  to  the  difficuhy  of  this  decom- 
position ;  and  if  the  one  Ije  impossible,  the  other 
will  cease  altogelher.  To  be  convinced  of  this  fact, 
take  two  silken  thrciuls  of  e(|ual  length,  and  aJhx  to 
them  two  small  spheres  of  equal  magnitude,  the  one 
of  pure  gum -lac,  and  the  ot^ier  also  of  gum -lac  j  but 
covered  by  a  surface  of  gold-leaf.  Ix-t  thc^se  two 
suspentled  balls  be  placed  side  by  side  and  near  to 
each  other,  and  bring  near  to  them  an  excited  glass 
tube  or  stick  of  wax.  It  will  be  .*5een  that  the  ball 
having  a  metallic  surface,  upon  which  the  decom- 
position of  the  combined  electricities  is  easily  effected, 
will  be  ranch  more  rciulily  and  forcibly  attracted  than 
the  other.  Upon  the  ball  of  pure  gum-lac  the  effects 
only  commence  after  a  c^ertain  time,  by  the  decom- 
position produced  at  its  surface,  and  its  ekctrilied 
state  continues  even  after  the  excited  body  has  been 
remoi'^l.  The  first  ball,  although  gilded,  contracts 
also,  by  this  jrocets,  a  slight  degree  of  permanent 
electricity,  because  the  resin  of  which  it  is  composed, 
becomes  impregnated  wkh  that  electricity  which  was 
developed  at  its  surface  •  and  both  balls  are  assisted 
in  this  process  by  the  action  of  the  air,  which  tends 
to  deprive  them  of  that  one  of  their  combined  elec- 
tricities which  is  repelled  from  the  primarily  excited 
body,  the  action  of  the  air  being  less  upon  the  other 
electricity,  which  is,  in  a  great  measure,  rendered 
latent  by  the  presence  of  the  extraneous  fluid,  which, 
by  its  approach,  effected  the  decomposition.  Hence 
it  is  a  general  remark,  that  insulated  bodies  which 
have  been  exposed  for  some  time  to  the  influence  of 
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Praetical    an  excited  body,  finally  possess  an  excess  of  electri- 

Electricity,  city,  opposite  in  kind  to  tliat  of  the  body,  and  this 
'^'-^^.'"^^  effect  becomes  apparent  immediately  upon  the  removal 
of  the  electrified  mass. 

(84,)  As  the  results  at  which  we  have  now  arrived 
will  form  the  constant  subject  of  future  application, 
it  may  be  convenient  to  reduce  them  to  a  sort  of 
theorem,  under  the  following  enunciation. 

When  an  insulated  conducting^  body  B^  fig.  55,  in 
its  natural  state,  is  brought  near  to  another  insulated 
and  electrified  body  A,  the  electricity  distriboted  upon 
the  surface  of  A,  acts  by  induction  upon  the  two 
latent  and  combined  electricities  of  B,  decomposing 
a  certain  quantity  of  them,  proportional  to  the  in- 
tensity of  its  action,  and  educiu/ac  by  this  resolution 
the  two  constituent  principles.  Of  these  two  electri- 
cities thus  set  free,  it  repels  that  of  the  same  kind, 
and  attracts  that  wiiich  is  opposite  in  kind.  The 
former  is  impelled  to  thiit  part  of  the  surface  of  B 
which  is  most  distant  from  A,  and  the  latter  is  brought 
to  the  side  nearest  to  A*  These  two  electricities, 
thus  liberated,  react  upon  the  free  electricity  of  A, 
and  also  upon  its  combined  clectncity,  producing  a 
further  decomposition,  especially  if  A  be  formed  of 
conducting  matter.  This  new  separation  brings  with 
it  a  further  decomposition  of  the  combined  electricity 
of  B,  and  so  on  until  the  quantities  of  each  elementary 
principle  liberated  upon  the  two  bodies,  shall  be  in 
equilibrium  by  the  just  balance  of  all  the  attractive 
and  repulsive  forces  which  they  exert  upon  each  other, 
by  virtue  of  their  ideatical  or  opposite  natures.  To 
calculate  the  law  of  distribution  which  wnll  fulfil  these 
conditions,  will  be  the  business  of  the  second  or  ma- 
thematical part  of  this  article. 

For  the  present  let  us  suppose  this  equilibrium 
established,  and  that  we  may  continue  our  observa- 
tions upon  the  resulting  phenomena,  let  us  return  to 
the  same  arrangement  of  our  apparatus  represented  in 
figt  55.  Further,  in  order  to  abridge  the  enunciation 
of  facts,  let  us  suppose  that  the  electricity  primarily 
imparted  to  A  is  vitreous.  Then,  if  the  conductor  B 
have  a  cylindricid  form,  which  has  hitherto  been  our 
suppositiouj  in  order  that  the  separation  of  the  pure 
electricities  may  be  more  manifest,  the  part  R  nearest 
to  A  is  charged  with  the  resinous  electricity,  and  the 
part  V  most  distant  is  in  tbc  vitreous  state. 

In  this  condition  of  things,  let  the  part  V  be  touched 
by  a  third  conducting  body  C,  insulated,  and  in  its 
natural  state.  Upon  its  removal,  we  find  it  charged 
with  vitreous  electricity.  At  the  same  time  the 
threads  placed  at  V  upon  the  conductor  A,  approach 
each  other,  and  the  divergence  of  those  placed  at 
R  is  augmented.  But  if  we  remove  B  from  the 
mfluence  of  A,  or  withdraw  the  electricity  of  A  by 
touching  itj  B  is  found  charged  with  resinous  elec- 
tricity alone. 

These  consequences  arise  simply  from  electrical 
induction,  or  influence  exerted  at  a  distance.  Before 
the  contact,  the  vitreous  electricity  of  the  body  B, 
impelled  to  the  point  V^  repels  the  vitreous  electricity 
of  A,  and  attracts  the  resinous  electricity  developed  at 
II,  and  consequently  weakens  the  actions  of  A  upon 
K.  By  the  contact  of  the  third  conductor  we  re- 
move a  portion  of  the  electricity  V,  whereupon  the 
action  of  A  upon  R  becomes  more  powerinl,  because 
it  is  less  counteracted.  By  virtue  of  its  increased 
energy,  It  produces  in  the  conductor  B  a  fresh  dccom- 
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position    of    combined     electricity,    of    wlilcli    the  Chi 
vitreous  part   is  again    carried  towards  V,    and   the  ^^— 
resinous  towards  R.     The  total  quantity  accumulated 
at  R  is  then,  necessarily,  more  considerable  than  the 
other,  because  the  latter  alone  has  been  weakened  by 
the  contact  of  C.     Hence,  when  B  is  removed  beyond 
the  influence  of  A,  the   vitreous   electricity  V  set  at 
liberty  is  not  suflicient  for  the  complete   neutraliza-j 
tion  of  R^  and  from  this   excess  the  conductor  B  is} 
found  charged   with  resinous  electricity.     In  conse-i 
quence  of  this  inequality  under  the  influence  of  A,  the 
divergency  of  the  threads  ought  to  be  less  at  V  than 
at  R,  which  is  conformable  to  observation. 

Should  it  he  required  to  carry  this  difference  to  its 
extreme  point.  Instead  of  touching  the  conductor  B 
with  an  insulated  body,  which  can  at  all  limes  remove 
only  a  portion  of  the  electricity  \%  let  it  be  touched 
by  any  uninsulated  conductor,  thus  allowing  it  to  com- 
municate for  an  instant  with  the  earth.  The  whole 
of  the  free  electricity  collected  at  V  will  escape,  the 
threads  suspended  at  this  point  will  collapse,  mid  no 
longer  give  the  least  sign  of  electrical  excitation,  but 
the  threads  placed  at  R  will  diverge  still  more  than 
in  the  previous  c-ase,  and  their  divergence  will  not  be 
diminished  by  again  touching  the  extremity  V.  But 
by  removing  the  conductor  B  from  the  influence  of 
the  body  A,  their  divergence  becomes  still  more 
considerable. 

It  is  by  no  means  difficult  to  comprehend  the  nature 
of  this  action,  "When  V  is  made  to  communicate 
with  the  earth,  all  the  vitreous  electricity  accumulated 
at  that  extremity  is  shared  with  the  immense  mass  of 
the  globe,  and  its  electrical  reaction  becomes  in- 
sensible^ or,  as  may  also  be  said,  it  decomposes  the 
combined  electricity  of  the  earth,  attracts  resinous 
electricity  by  which  it  is  neutralized,  and  repels  the 
corresponding  vitreous  electricity  which  becomes 
distributed  over  the  surface  of  the  terrestrial  sphere. 
In  whatsoever  manner  we  may  conceive  the  matter, 
there  is  no  longer  any  free  vitreous  electricity  at  V  j 
therefore  the  vitreous  electricity  of  A  relieved  from 
that  resistance  exerts  a  stronger  action  upon  R* 
From  this  arises  a  further  decomposition  of  the  com- 
bined electricity  of  B,  the  vitreous  part  of  which  is 
dispersed  in  tlie  same  manner  to  the  earth,  while  the 
rcainous  is  accnmnlated  at  R,  and  so  on  until  the 
attraction  of  A  for  R  shall  be  completely  satisfied* 
These  decomposition b,  however,  which  in  our  reason- 
ing we  have  supposed  to  take  place  in  succession,  that 
their  progress  might  be  more  apparent,  are  produced 
instantaneously  in  metallic  bodies,  which  may  be  con- 
sidered as  endowed  with  perfect  conducting  power, 
and  it  is  from  this  cause  that  a  single  contact  is  suf- 
ficient to  produce  the  complete  effect*  From  what 
has  been  already  said,  we  may  readily  comprehend 
why  B,  when  removed  beyond  the  influence  of  A, 
manifests  a  sypcrabnndance  of  resinous  electricity, 
and  why  that  excess  is  greater  in  the  present  than  in 
the  preceding  case. 

The  experiments  hitherto  recited  have  all  tended 
to  demonstrate  the  action  of  the  body  A  upon  the 
conduclor  B ;  but  the  reaction  of  B  upon  A  may  also 
be  made  the  subject  of  experiment »  and  with  perfect 
confirmation  of  the  results  already  obtained.  The 
experiments  upon  B  may  also  be  varied  by  commu- 
nicating to  it  at  iirst  a  feeble  charge  of  resinous  elec- 
tricity, and  a  series  of  actious  will  be  manifested  by 
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the  pith  balls  ia  perfect  conformity  with  the  expLination 
.  DDW  sidvunced. 

For  the  purpose  of  giving  a  definite  form  and  name 
to  our  experiments,  we  supposed  tiic  body  A  to  be  at 
first  supplied  with  vitreous  electricity  \  but  had  the 
deciricity  been  of  the  resinous  kind,  the  same  series 
of  phenomena  wouUl  have  resulted,  differing  only  by 
the  opposite  terms  which  the  facts  would  then  have 
required  for  their  enynciatiim. 

(65.)  There  yet  remains  another  property  which  it 
ia  essential  to  prove,  before  we  can  oblairi  a  complete 
expression  for  the  law  of  electrical  action.  It  is  that, 
at  any  given  distance,  the  attractive  and  repulsive 
powers  are  equaL  This  condition  is,  in  fact,  abso- 
lutely necessary,  in  order  that  when  a  body  is  in  its 
natural  Alate,  tlie  two  combined  electricities  may  pro- 
duce no  effect  upon  other  bodies  by  influence  or 
induction* 

The  following  is  an  experimental  proof  of  this  pro- 
position :  Take  two  discs  of  smooth  glass  with  plane 
furfaces  ;  fragments  of  a  glass  mirror  are  well  adapted 
lo  the  puqiose.  Let  A  B,  C  D,  fig.  5fj,  represent 
these  discs,  each  being  four  inches  ia  diameter,  and 
both  alHxed  to  insulating  glass  handles  M  and  N  j 
let  there  be  also  a  pith  ball  suspended  by  a  filament 
of  untwisted  silk.  Hub  the  discs  against  each  other, 
holding  them  by  their  insulating  handles,  and,  with- 
out separating  them,  present  them  together  to  the 
suspended  ball,  no  attraction  is  produced  ;  but  sepa- 
rate the  plates  from  each  other,  and  each,  when  p re- 
lented to  the  ball,  will  now  attract  it.  They  have 
then  both  become  electrified  by  the  friction,  and  by 
presenting  each  in  turn  to  another  suspended  ball 
charged  with  either  known  electricity,  it  will  be  found 
that  the  one  plate  has  received  a  vitreous  and  the  other 
a  resinous  charge.  These  electricities,  however,  do 
Dot  manifest  themselves  when  the  discs  are  in  contact, 
because  as  they  reside  upon  the  two  surfaces  which 
touch  each  other,  the  distance  of  all  their  points,  from 
the  electrical  pendulum,  is  absolutely  the  same  ;  and 
thus  the  opposite  actions  which  they  exert,  tending 
to  separate  the  combined  electricities  of  the  small  bail 
are  equal,  so  that  the  total  result  of  their  action  is 
nothing*  We  may  even  modify  the  experiment  so 
that  this  compensation  shall  be  exhibited  in  its  pro- 
^ssive  state.  For  this  purijose,  after  having  sepa- 
rated the  discs,  we  present  the  surface  that  has  been 
robbed,  belonging  to  either  of  the  planes,  to  the 
fiospended  ball,  and  allow  of  a  short  contact  between 
the  bodiea.  As  soon  as  the  ball  has  absorbed  that 
small  quantity  of  electricity  which  suffices  for  its 
volume,  it  becomes  repelled  and  separates.  Continue 
it  in  this  state  of  repulsion  by  presenting  it  to  the  op- 
posite face  of  the  disc,  fig.  57  ;  for  the  electricity  will 
act  as  well  upon  it  through  the  substance  of  the  glass. 
Nest,  let  the  second  disc  gradually  approach  the 
former,  so  as  to  place  their  electrified  surfaces  again 
in  contact.  In  proportion  as  the  distance  between  the 
^es  diminishes,  the  repidsivc  force  is  found  to  dimi- 
Dish  also,  and  the  suspendetl  ball  gradually  lowers 
kself  towards  the  vertical  line,  and  at  last,  when  the 
hces  arc  in  contact*  the  system  of  discs  acts  only  upon 
the  ball,  as  any  other  body  in  a  natural  state  does ; 
but  by  ag^ain  separating  the  discs,  the  ball  may  be 
made  to  elevate  itself  again  as  before*  These  two 
electricities,  thus  neuindizcd  by  their  mutual  contact 
(or  at  least  very  great   proximity,)  represent  to  us 
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precisely  the  state  of  the  combined  electricities  ;  with  CUap,  IV, 
this  difference  only,  that  in  conducting  bodies  they  V^-^-^—^ 
are  united  to  each  other  by  their  force  of  combination 
alone,  and  may  be  set  at  liberty  by  the  distant  induence 
of  eitlier  free  electricity  j  instead  of  which,  in  the 
discs  before  us,  each  electricity  is  detained  by  the  non- 
couducting  power  which  tlie  glass  opposes  to  the 
freedom  of  its  motion.  For  this  reason  the  experi- 
ment now  described  will  succeed  equally  with  discs 
of  gura-lac,  or  of  sealing-wax,  or  even  with  one  disc 
of  Buch  a  substance,  and  one  disc  of  metal ;  but  it 
cannot  succeed  with  two  metallic  dihcs,  because  in 
this  case  no  resistance  is  offered  to  the  motions  of 
the  electricities  which  are  disengaged  by  friction,  and 
consequently  they  reunite  again  as  fast  as  the  friction 
produces  their  momentary  separation. 

(86.)  Having  now  established  on  the  basis  of  ex-  General 
periment  only,  a  general  series  of  facts,  upon  which  hiw, 
we  conceive  we  may  (at  least  as  far  as  these  facts  go) 
attempt  the  reduction  of  electrical  phenomena  to 
some  general  scheme  of  action,  we  must,  in  some 
degree^  retrace  our  steps,  and  collect  the  enunciations 
of  such  laws  as  our  experiments  have  afforded  us. 

We  have  seen  that  whenever  electricity  is  deve- 
loped, two  distinct  principles  are  separated  from  each 
other,  and  may  be  each  submitted  to  experiment 
separately,  as  in  the  common  machine>  (5,)  or  the 
separated  discs  (85  ;)  also,  that  the  two  may  be 
suffered  to  reunite  as  by  Nairne's  machine,  (42,)  and 
the  two  discs  both  of  metal  (85)  thus  reproducing 
the  state  of  natural  equilibrium,  or  no  excitement ; 
or  else,  that  they  may  be  retained  out  of  their  state 
of  native  combination,  but  rendered  latent  by  their 
mutual  proximity,  (85.)  It  has  also  been  shown,  (70,) 
that  whenever  either  of  the  electricities  is  present  in 
a  conductorj  it  arranges  itself  according  to  certain 
laws,  but  such  that  the  whole  mass  of  fluid  may  be 
situate  at  the  exterior  surface  of  the  conducting  body, 
(71,)  to  which  it  seems  to  be  confined  by  thei}ressurc 
of  the  air  ;  and  this  supposition  receives  still  further 
confirmation  from  the  fact  of  all  the  electricity  being' 
dispersed,  when  the  pressure  of  the  air  is  removed 
under  the  exhausted  receiver.  Hence  we  infer  that 
the  molecules  of  the  same  fluid  are  mutually  repulsive 
of  each  other. 

Observing  also  the  apjiarently  perfect  mobility  with 
which  the  two  fluids  traverse  conducting  bodies ; 
approach  to  or  recede  from  each  other  ^  enter  into  inti- 
mate union,  or  instantaneously  submit  to  a  separation, 
without  losing  in  any  degree  their  original  properties, 
we  are  compelled  to  admit  that  the  most  probable 
idea  we  can  form  of  their  nature,  is  to  regard  them 
as  fluids  of  perfect  fluidity,  the  molecules  of  which 
being  endowetl  with  attractive  and  repulsive  proper- 
ties, arrange  themselves  in  such  bodies  as  allow  of 
their  free  motion,  in  such  a  manner  that  all  the  in- 
terior and  exterior  forces  which  act  upon  them  shall 
be  in  equilibrium. 

The  repulsion  of  two  masses  of  the  same  fluid 
disposed  in  movable  conductors,  as  manifested  by  the 
separation  of  these  conductors,  is  etpial  in  intensity 
lo  the  attraction  exerted  by  two  equal  masses  of  dif- 
ferent fluids  similarly  circumstanced  j  and  therefore 
it  appears  that  the  molecules  of  the  same  fluid  repel 
each  other,  with  a  force  equal  to  that  with  which  they 
attract  the  molecules  of  the  other  fluid  ;  and  it  is  yet 
to  be   shown   that  the    mathematical  law  of  these 
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PraeticRl    attractions  and  repulsions,  is  that  of  the  inverse  square 

Electricity.  q{  ^\^^  distance.     The  mutual  actions  of  the  two  fiuids 

^'"V^*'^  has  also  been  strongly  exemplified  m  the  recent  jKira- 

graphs  of  our  article,  wherein  all  the  phenomena  of 

influential  or  indnced  electricity  are  laid  open. 

Our  general  proposition  iijay  then  he  thus  enun- 
ciated, Earh  of  the  iivo  electrical  principles  has  the 
properties  of  a  Ji aid  ;  the  molecules  of  which  enjoy  perfect 
mohility,  me  muiualhj  repulsive  of  each  other,  and  at- 
tracttre  of  those  of  the  other  Jiuid,  with  forces  i>arying 
according  to  the  inverse  square  of  the  disicince.  And  at 
equal  diji lances  the  attractive  and  repuLsive  forces  are 
equal  to  each  other. 

It  is  not  contended  that  the  experiments  hitlierto 
ad%*aneed,  will  prove  the  wliole  of  these  j^ropof^itions 
with  perfect  accuracy,  but  it  is  necessary  thus  to  col- 
lect and  arrang'e  the  conclusions  to  which  these 
experiments  justly  lead;  in  order  that  we  may  have 
some  definite  system,  upon  which  our  future  expla- 
nations may  be  founded  ;  and  it  is  but  by  a  slight 
anticipatinn  that  we  have  taken  in  the  whole  of  these 
essential  elements  of  our  law,  since  in  a  future  divi- 
sion of  this  treatise,  devoted  to  theory  alone^  every 
branch  of  our  proposition,  which  yet  requires  such 
support,  will  be  brought  forward  with  rigid  mathe- 
matical demonstration, 

(87.)  For  the  sake  of  consistency,  we  have  through- 
out this  article  adhered  to  a  system  of  explanation 
founded  upon  the  hypothesis  of  Sjinraer,  respeetiiig 
the  nature  and  action  of  the  two  fluids  originally  dis- 
covered by  Du  Fay,  enriched  and  confirmed  as  this 
theory  has  been  by  the  researches  and  discoveries  of 
later  years.  In  the  historical  introduction  prefixed  to 
this  article  J  we  have  stated  our  reasons  for  assigning 
the  merit  of  this  hypothesis  to  Mr.  Symmer  3  and 
although  io  an  article  like  the  present^  w  hich  can  only 
be  considered  an  outline  of  electrical  science,  we  feel 
bound  not  to  become  warm  partisans  of  any  par- 
ticular hypothesis,  because  our  limits  will  scarcely 
permit  us  to  examine  those  difficulties  which  attend 
every  view  of  the  subject  j  yet  we  must  confess  that 
between  the  theory  of  one  fluid  proposed  by  Franklin, 
and  the  supposition  of  two  coexistent  fluids  as  ad- 
vanced by  Symmeo  the  advantage  ap|^ears  to  us 
greatly  on  the  side  of  the  latter. 

The  hypothesis  of  two  fluids  has  now,  doubtless, 
the  greater  numiber  of  partisans ;  but  in  justice  to 
those  who  have  embraced,  and  who  still  adhere  to  the 
views  of  Franklin,  we  will  endeavour  to  present  a 
short  abstract  of  his  theory, 

(88.)  In  this  theory  only  one  electric  fluid  is  sup- 
posed to  exist.  It  is  considered  to  be  materia!  and  to 
possess  the  p  rope  rues  of  an  elastic  fluid.  It  is  also 
supposed  to  attract  and  to  be  attracted  by  all  other 
matter* 

The  attractions  of  different  substances,  for  the 
electric  fluid  are  difl^erent,  as  also  those  of  the  same 
substance  in  different  states,  and  under  different  cir- 
cumstances 3  so  that  the  quantity  of  electricity  natu- 
rally existing  in  given  quantities  of  different  substances 
may  be  unequal ;  and  the  same  body  may,  under  the 
circumstances  of  its  combination  with  other  matter, 
attract  more  or  less  th;m  when  alone  ;  but  its  originjU 
attraction  will  be  restored  by  destroying  the  artiflcial 
combination. 

When  the  attraction  of  any  substance  for  electricity 
is  equal  to  the  quantity  of  electric  fluid  it  contains^ 
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that  substance  exhibits  none  of  the    phenomena  of  i 
excitation  j   but  these  are  immediately  produced  when  ^ 
there  is  either  more  or  less  electric  fluid  than  is  adequate 
to  the  saturation  of  the  existing  attraction.     If  there 
be  more,  tlie  electrical  signs  will  be  positive, (vitreous,) 
if  less  they  will  be  negative,  (resinous.) 

**  Electrical  excitation  may  then  be  thus  effected  ; 
the  bodies  employed  have  each  a  certain  quantity  of 
the  electrical  fluid,  proportionate  to  their  natural  at- 
traction for  it,  this  they  retain,  and  appear  unelec* 
trifled,  go  long  as  they  remain  in  their  natural  state. 
Now  if  two  such  bodies  are  brought  in  contact,  their 
natural  attractions  are  altered,  one  of  them  attracts 
more  than  in  its  sejiarate  state,  and  the  other  less  | 
the  electric  fluid  diffuses  itself  amongst  them  in  quan- 
tities pro]Jortionute  to  their  relative  attractions,  and 
ihcy  consequently  appear  un  elect  rifled.  But  if  they 
are  suddenly  separated,  the  new  distribution  of  the 
electricid  fluid  remains,  whilst  the  original  attractions 
are  restored,  and  as  these  are  not  equal  to  each  other, 
the  bodies  will  appear  electrical  :  that  whose  natural 
attraction  was  increased  by  contact,  having  received, 
an  addition  to  its  quantity  of  electric  fluid,  will  be 
positively  electrified  ;  and  that  whose  attraction  was 
lessened,  having  lost  a  portion,  will  be  negative. 

**  Take,  as  an  instance,  the  electrical  machine  :  let 
the  attraction  of  the  cushion  for  the  electric  fluid  be 
represented  by  ^O,  and  that  of  a  similar  surface  of 
glass  by  30,  the  sum  is  50.  Bring  the  bodies  in  con- 
tact, their  attractions  alter  ;  that  of  the  glass  becomes 
40,  and  that  of  the  cushion  is  reduced  to  10,  the  sum 
of  these  is  still  .50;  the  natural  electricity  therefore,. 
though  unequally  distributed,  is  still  equal  to  the  sum 
of  the  attractions,  and  does  not  appear;  for  the  cause 
of  its  unequal  distribution,  (the  contact,)  is  still  active. 
Separate  the  glass  from  the  cushion,  its  original  at* 
traction  of  30  will  now  only  operate,  but  it  has  ac* 
quired  40  of  electricity  by  contact  with  the  cushion  j 
the  glass  is  therefore  positive  with  a  force  equal  to  10, 
The  cushion  will  now  also  have  its  original  attraction 
of  *20,  but  its  electricity  amounts  only  to  10  j  it  is, 
therefore,  negative  with  a  force  equal  to  10.  And 
here  is  seen  the  reason  why  positive  and  negative 
bodies  act  more  powerfully  on  each  other  than  on 
indifferent  matter*  for  their  mutual  difference  is  often 
twice  as  great  as  their  individual;  since  if  the  latter 
be  10,  the  former  may  be  20. 

''The  effects  now^  described  continually  recur  during 
the  revolutions  of  the  cylinder,  every  part  of  which  is 
successively  brought  in  contact  with  the  cushion,  and 
passes  forward  with  the  electricity  it  thus  progres- 
sively acquires.  The  silk  flap  may  be  considered  as 
a  continuation  of  the  rubber,  which,  by  partially 
maintaining  the  altered  attraction  of  the  glass,  coun- 
teracts the  tendency  of  the  acquired  electricity  to  pass 
back  into  the  cushion.  The  surface  of  the  glass 
where  it  passes  from  beneath  the  silk  flap  has  not 
this  compen&iation  j  hence  the  acquired  electricity  is 
there  uncombined,  and  has  a  tendency  to  diffuse  itself 
amongst  the  surrounding  bodies :  the  conductor,  with 
its  row  of  points,  is  the  nearest  reservoir,  and  into 
this  it  passes,  and  the  conductor  becomes  thereby 
positively  electrified.  During  this  process  the  cusition 
and  its  attached  conductor  constantly  furnish  electri- 
city to  the  glass,  and  they  are  consec|uently  negative 
in  the  same  degree  j  but  they  have  only  a  limited  sur- 
face^ and  a  certain  quantittf  of  natural  electricity,  and^ 
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If  |ierfectly  insulaicd^  can  furnish  only  ti  deBnitti  por- 
tion ;  hut  if  they  are  connected  with  the  ground, 
whose  surface  is  coraparatively  Ufilunifetly  they  operate 
vpflfL  an  extensive  store,  to  the  supply  of  which  there 
i|ipe3irs  no  assignable  bound.  It  is  for  this  reasou 
tint  the  electricity  of  either  conductor  sqmraithj,  is 
more  apparent  when  the  opposite  one  is  uuinsuiuteiV 
Singer,  Ekctricity,  p.  61, 

The  above  outline  of  the  hypothesis  of  Fmnklin  is 
not  precisely  in  the  state  in  which  it  was  left  by  its 
iUtistrioua  proposer;  neither  cuu  we  be  certain  that 
ill  those  who  contend  for  the  existence  of  but  one 
electric  fluid  would  subscribe  to  every  part  of  the 
doctrine  thus  laid  down,  but  we  have  considered  that 
it  would  be  the  fairest  course,  and  one  in  which  we 
ihould  be  least  liable  to  tlie  accusation  of  partiality, 
to  bring^  forward  these  passages  as  the  most  recent 
es|»lAfliitioQ  with  which  we  are  acquainted  of  the 
iptstoos  of  an  author  on  this  side  of  the  question.  As 
hv  as  the  hypothesis  is  required  to  explain  all  the 
coounon  phenomena  of  electricity,  such  as  the  attrac- 
tions of  bodies,  and  the  charges  communicated  to  jars 
lod  batteries,  either  of  these  two  celebrated  theories 
will  be  found  sufficient ;  but  we  confess  it  does  not 
ippear  to  us  that  Franklin's  hypothesis  is  adequate  to 
the  satisfactory  explanation  of  several  of  the  pheno- 
B>ma  of  influential  or  induced  electricity. 

The  following^,  whatever  they  may  prove,  are  expe- 
nineots  of  great  beauty,  and  therefore  claim  a  place  in 
our  article.  According  to  our  principles  of  arrange - 
Bient«  they  ought  it  is  true  to  fall  under  the  first  and 
Mth  chapters^  but  as  they  are  specifically  brought 
iirward  by  Mr,  Singer  in  proof  of  Franklin's  hypothesis, 
UK  are  willing  to  insert  them  at  once,  in  order  that  we 
naj  not  have  to  return  to  this  subject  hereafter^ 

(89,)  Exp,  To  the  conductor  of  a  machine  so 
arranged  as  to  be  charged  with  negati\'e  (resinous) 
electricity,  present  a  pointed  metal  rod,  held  in  the 
bonit^  and  in  a  darkened  room.  A  cone,  formed  of 
lays  of  light,  will  be  seen,  having  its  vertex  at  the 
point,  and  its  base  towards  the  conductor }  but  if  a 
liimlar  point  be  presented  to  a  positively  electrified 
hodj,  instead  of  the  cone  of  light  there  will  be  seen 
a  brilliant  star,  at  the  extremity  of  the  metallic  point. 
The  light  in  these  experiments  is  considered  to  indi- 
cate the  course  of  the  electric  fluid.  The  point  is  a 
Bort  of  pipe  capable  of  emitting  or  receiving  it.  The 
B^athre  conductor  is  supposed  to  have  a  deficiency, 
ind  the  point  presented  to  it  is  illuminated  by  a 
^verging  pencil  of  rays,  which  indicates  that  the 
€aiifle  of  that  light  moves  from  the  point  to  the  nega- 
lite  body.  The  positive  conductor  is  supposed  to 
liave  an  excess  of  electric  fluid,  and  the  point  pre- 
«il£ed  to  it  is  merely  illuminated  by  a  globular  spot 
light ;  an  appearance  that  may  be  conceived  to 
snd  the  entrance  of  a  subtle  fluid  into  it, 

Beversing  the  experiment  by  connecting  the  points 
with  the  conductors  respectively,  the  converse  series 
of  phenomena  is  produced. 

(90,)  Erp.  "  Take  the  transfer  plate  of  an  air  pump, 
and  aflix  to  its  centre,  by  a  wire  three  inches  long,  a 
bmsj  ball  one  inch  in  diameter,  fig,  58,  connect  a 
similar  ball  by  a  slitling  wire  to  the  top  of  a  receiver, 
ind  place  this  over  the  transfer  plate,  so  that  the  one 
boll  may  be  vertically  over  the  other,  and  at  the  dis- 
tance of  about  one  inch.  Exhaust  the  receiver  accu- 
rately»  and  then  connect  the  phity  with  the  negative 


conductor,  and  the  upper  wire  and  ball  will  be  posi-  Cbap.  IV. 
tive.  Upon  turning  thtf  machine^  a  tori'ent  of  beau-  ' 
tiful.  purple  light  will  pass  from  the  positive  to  the 
negative  ball,  on  whkh  it  breaks  and  divides  into  a 
Imniaous  atmosphere,  entirely  surrounding  the  ball 
and  stem»  and  conveying  most  strikingly  the  Idea  of  a 
fluid  running  over  the  surface  of  a  resisting  solid, 
which  it  cannot  enter  with  facility.  No  appearance 
of  light  occurs  on  the  positive  ball,  but  the  straight 
luminons  line  that  passes  from  it  j  but  if  it  be  rendered 
negative,  and  the  lower  ball  positive,  these  efl^ects  are 
entirely  reversed/'   (Singer.) 

{9L)  £j:jo.  Fig,  59,  "  represents  two  hollow  metal 
balls,  about  |  of  an  inch  in  diameter,  insulated  upoa 
separate  glass  pillars,  by  which  they  are  supported, 
two  inches  apart  j  the  upper  part  of  each  ball  is 
indented,  so  as  to  form  a  small  cup,  in  wliich  a  frag- 
ment of  phosphorus  is  to  be  placed.  A  small  candle 
or  lamp  has  its  flame  situated  midway  between  the 
balls  ;  one  of  them  is  connected  with  the  po.sitive  and 
the  other  with  the  negative  conductor  of  the  electrical 
machine  by  means  of  a  wire.  When  the  balls  are 
electrified  the  Hiune  is  agiUited  and  inclines  to  that 
which  is  negative  J  this  it  soon  heats  sufl[iciently  to 
fire  the  phoaphorus,  whilst  the  positive  b^dl  remains 
perfectly  cold,  and  the  phosphorus  unmelted.  If  the 
connecting  wires  be  now  reversed,  so  that  the  ball 
which  was  before  negative  shall  become  positive,  and 
that  which  was  positive  be  rendered  negative,  the 
phosphorus  in  the  latter  will  soon  take  fire,  8o  that 
electricity  passes  from  the  positive  to  the  ncgiUive, 
and  transmits  with  it  the  heat  of  any  intervening 
ignited  body/' 

Such  at  least  is  the  reasoning  of  Mr,  Singer,  but  we 
shall  in  course  of  time  have  to  advert  to  this  experi- 
ment, for  the  purpose  of  showing  tbat  it  may  admit  of 
a  very  different  explanation  ;  for  the  present  only  re- 
marking, that  this  solution  takes  for  gninted  that  the 
electric  matter  'HmnsmtH  with  it^'  the  matter  or  property 
of  heat,  and  tlierefore  must  have  an  attraction  for  it,  an 
assumption  which  other  experiments  tend  to  disprove. 

(92.)  Some  of  the  most  important  arguments 
against  Fraiiklin^s  hypothesis  may  be  thus  briefly 
statefl,  much  in  the  form  under  which  they  have  been 
brought  forward  by  M.  Blot. 

1.  In    reasoning  upon   one   electric  fluid   only,   its 
molecules  are  admitted   to  be  mutually  repulsive   of 
each  other ;  but  as  it   is  proved  by  experiment  that 
bodies  in  their  natucal  state  exert  no  electric  attrac- 
tion upon  each  other,  it  folh»ws  upon  this  sup|»osition 
that  an  attraction  exists   between  the  electric  mole- 
cules and    the  particles  of  ordinary  matter.     It   hai 
been  proved  by  elaborate   calculation,  that  this  oo»* 
dition  would  nfit  sutfice  for  the  production  of  ei|ttil^ 
brium,  and  that  a  further  assumption  niUNt  be  nu^^ 
that  the  particles  of  bodies  exert  a  reputsire  ^aiP 
upon  each  other,  sensible  at  great  distances,  Oa^ 
electrical  actions  themselves.     Analogy  Ia  i 
any  such  supposition.     For  instance,   in   tie  < 
universe,  attraction  alone  lh  capable  nf ; 
the  motions  of  the  heavenly  bodies,  and  i 
position  of  any  such  re|julsion  ts  contrarri 
nary  phenomena  of  nature.  It  is  true  t 
of  Franklin  his  principle  was  sufficle 
all  the  experimental  phenomena 
but  when  ^Epinus  had  undertaken  i 
matical  investigation  of  idl  the 
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Pnictjcil    tion,  he  perctjived  the  necessity  of  calling  in  the  aid  of 
Electridty.  this  suppciseil  repulsive  force,  to  make  bis  deuionstra- 
tions   iiccord   with   the   facts    he   iateuded    them    to 
ehicidiite. 

Opposed  as  this  condition  is  to  the  iicknowlcdged 
nature  of  thing^s,  if  we  were  to  admit  it  solely  for  the 
sake  of  connecting  together  electrical  phenomena,  we 
might  arrive  at  a  conception  of  their  dependence,  aad 
eveii  he  enabled  to  foretel  their  appearances  ;  not 
itideed  in  quantities  nnd  luimherSj,  but  under  those 
general  conditions  which  depend  upon  a  displace- 
ment of  the  one  electricity.  Thus,  for  example,  we 
might  explain  the  attractions,  the  repulsions,  of 
electrified  bodies ;  and  even  the  devetopement  of 
electrical  properties  from  bodies  in  their  natural  state 
by  the  distant  influence  of  another  electrihed  body. 
But  it  does  not  appear  that  it  would  lie  possible  to 
explain  in  the  same  manner  why,  conducting  bodies 
acting  by  attraction  upon  the  moleculcfs  of  the  electric 
fluid,  the  electricity  should  divide  itself  between  their 
surfaces  according  to  certain  ratio.'?,  entirely  inde- 
pendent of  their  chemical  composition,  and  deter- 
mined only  by  their  dimensions  as  we  find  to  be  the 
case  ]  nor  yet  why  the  negative  state,  which  is  accord- 
ing to  this  system  only  a  privation,  an  absence  of 
electricity  J  should  ever  be  developed  alone  at  the  sur- 
face of  these  bodies,  and  establish  itself  at  each  point 
of  that  surface,  aceonling  to  the  rigorous  hydrostatic 
laws  which  a  real  fluid  would  follow,  if  all  its  mole- 
cules were  mutoaily  repulsive  of  each  other,  accord- 
ing to  the  inverse  square  of  their  distances,  StiU  less 
could  we,  upon  this  hypothesis,  foresee  or  explain 
why,  when  two  unequal  spheres  of  conducting  matter 
are  removed  from  contact,  there  should  be  developed 
around  the  point  of  contiict,  and  always  u]»on  the 
smaller,  signs  of  an  electrical  state  contrary  to  that  of 
the  total  mass,  be  it  positive  or  negative  j  while,  on 
the  other  hand,  the  necessity  for  this  devclopcmcnt, 
its  limits,  and  its  constancy  upon  the  smaller  sphere 
may  be  foreseen  with  the  greatest  ease,  upon  the 
theory  of  two  fluids  j  nay,  may  even  be  calculated  in 
all  its  most  minute  particulars  with  a  surprising  degree 
of  exactness.   (See  pari  ii.  of  this  Treatise,) 

(93.)  Let  us  now^  proceed  to  apply  this  hypothesis 
of  two  fluids,  in  exphmalion  of  those  effects  which  our 
instruments  have  already  laid  before  us.  As  it  is 
found  possible  to  obtain  electricity,  in  some  way  or 
other,  from  all  bodies  tiiat  can  be  properly  submitted 
to  experiment,  we  are  led  to  infer  that  it  is  an  universal 
property  of  matter*  We  suppose  that  in  every  par* 
tide  of  matter  a  portion  of  each  electricity  naturally 
resides.  That  in  the  ordinary  state  of  that  particle 
there  is  an  equal  quantity  of  each  fluid  present,  pro- 
ducing mutual  saturation  3  and  that  therefore  when  wx 
say  no  electricity  is  present  in  a  body,  we  mean  that 
there  is  no  free  electricity  that  can  be  recognised  by 
its  effects  or  properties.  Suppose  now  that  w^e  can 
by  some  means  effect  the  decomposition  of  this 
natural  electricity,  and  that  we  can  remove  one  of  the 
kinds  trom  the  particle,  it  is  evident  then  that  the 
remaining  electricity  being  no  longer  satu rated,  is 
called  into  a  state  of  activity,  and  exerts  the  proper- 
ties that  arc  natural  to  it. 

In  the  ordinary  electrical  machine  we  may  at  any 
instant  suppose  the  developement  of  electricity  to  take 
place  by  the  mutual  friction  of  the  rubber,  and  an 
equal  surface  of  the  cylinder,  or  plate.     The  vitreous 
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electricity  will  be  carried  forward  with  the  cylinder,  chii 
to  the  surface  of  which  it  is  confined  by  the  oil  silk,  '^ 
and  if  there  were  no  conductor  to  receive  it,  a  part 
would  be  dissipated  in  the  surrounding  air,  and  a  part 
would  return  again  upon  the  glass  to  the  cushion.  At 
the  same  time  the  rubber  receives  or  retains  the 
resinous  electricity  set  free  by  the  decomposition,  and 
if  insulated  soon  acquires  such  a  charge  of  this  elec- 
tricity that  its  repulsive  intensity  either  prevents 
further  decomposition,  or  drives  off  a  quantity  suffi- 
cient in  a  great  measure  to  again  combine  with  and 
neutralize  that  vitreous  electricity  which  is  produced 
by  the  continued  action  of  the  machine.  But  if  the 
rnhber  communicate  with  the  earth,  this  excess  of 
resinous  electricity  is  shared  with  that  body,  and  the 
effects  on  this  side  of  the  machine  continue  to  go  on 
as  at  the  first  instant  of  its  action.  A  similar  accu- 
mulation of  electricity  upon  the  instilafed  prime  con- 
ductor, when  it  has  become  charged  to  its  utmost 
possible  extent,  will  on  simikir  principles  produce  a 
similar  diminution  or  cessation  of  effect.  Hence  we 
arrive  at  the  fuU  explanation  of  the  necessity  for 
allowing  the  rubber  to  communicate  freely  with  the 
ground,  when  a  considerable  quantity  or  a  constant 
supply  of  vitreo'js  electricity  is  required  at  the  prime 
conductor;  and  vice  versa. 

(1*4.)  The  action  of  the  prime  conductor  itself  will  also  Coiidu< 
require  some  portion  of  our  attention  in  applying  the  *°*^P^ 
principles  of  the  chapter  before  us.  It  is  not  to  be 
considered  as  merely  a  receptacle  or  channel  through 
which  certain  electricity  which  enters  at  the  points  is 
to  proceed  ;  but  it,  together  with  its  system  of  points, 
may  claim  the  merit  of  a  more  active  species  of  ser- 
vice. At  the  edge  of  the  silk  flap  we  have  clearly 
shown  that  there  must  be  a  torrent  of  electricity  ready 
to  escnpe  to  the  nearest  conductor  which  its  own  re- 
pulsive intensity  will  enable  it  to  reach.  This  por- 
tion will  then  naturally  make  for  the  points,  and  be 
conveyed  by  direct  transmission  to  the  prime  con^ 
ductor.  But  the  accumulation  of  this  electric  mass  at 
the  edge  of  the  silk  cannot  take  jdace  without  also 
acting  by  induction  upon  the  natural  electricilies  of 
the  conductor  and  its  points  j  the  electricity  of  which 
Tve  now  speak  being  vitreous,  will  attract  towards  (he 
points  of  the  prime  conductor  a  portion  of  resinous 
electricity  dependent  in  quantity  upon  the  intensity  of 
the  action  of  the  machine  ;  and  as  this  intensity  at  so 
small  a  distance  is  very  considerable,  and  the  points 
are  of  all  others  the  form  most  favourable  for  the 
emission  of  electricity,  a  portion  of  resinous  electri- 
city is  constantly  issuing  from  the  conductor  to  com- 
bine with  the  vitreous  electricity  arriving  at  the  edge 
of  the  silk.  The  appearances  presented  by  the  points 
of  an  electrical  machine  in  a  darkened  room,  will 
afford  a  beautiful  illustration  of  this  system  of  effects. 

(1^5.)  In  art.  .'jI,  wc  described  the  process  for  com-  Elect 
municati ng  either  electricity  to  Hairy 's  electroscope,  8«opfl 
by  employing  the  principles  of  induced  electricity, 
and  it  is  obvious  that  in  a  similar  manner  we  may, 
with  any  excited  body,  communicate  to  any  electro- 
scope a  charge  consisting  of  either  electricity  at  plea- 
sure*  Either  we  may  impart  by  direct  contact  some 
portion  of  the  electricity  from  the  excited  body,  in 
which  case  the  charge  is  similar  ;  or  we  may  by  the 
distant  influence  of  the  excited  body  decompose  the 
natural  electricity  of  the  electroscope ;  and  having- 
removed  the  similar  electricity  which  is  acted  upon 
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refiQlsively^  upon  withdrawing  the  excited  body,  a 
charge  of  dissimilar  electricity  remains  upon  the 
insimment, 

(06*)  It  may  almost   be  considered  a  superfluous 
tusk  to  enter  upon  tbc  subject  of  what  the  early  ex- 
perimentalists  termed   electrkat  oYmos/j/iemt ;  hut  as 
the  principles  we   have  so  recently  brought  forward 
will  afford  a  ready  explanation  of  this  phenomenon, 
and  as  the  subject  does  not  appear  to  have  been  well 
miderstood^  even  in  some  recent  treatises  of  great 
merit  upon  electricity,  we  feel  it  incumbent  upon  us 
to  devote  a  few  lines  to  the  elucidation  of  this  subject. 
The    idea   of    the   electric    eflJuvium    forming    an 
atmosphere  around  an  excited  body,  is  perhaps  to  be 
traced   among  the   theoretical   views   of  the  earliest 
practical  electricians.     The  writings  of  Otto  Guericke 
clearly  contain  a  supposition  of  this  kind,  and  the 
Florentine   academicians    attempted    to   submit    the 
arrangement  of  this  atmosphere  to  ocular  inspection, 
by  bringing  a  piece  of  excited  amber  near  to  a  volume 
of  smoke,   so  that  the  visible  particles  which   con- 
stituted the  smoke  were  attracted  by  the  amber,  and 
formed     a    stratum    around    the    excited    body,   so 
long    as    its    electrified    state    continued    jicrmanent. 
Dr.  Franklin  improved  upon  this  method,  by  placing 
heated  iron  plates  amder  electrified  conductors,   and 
then  scattering  upon  the   plates  small   fragments  of 
resifl-     The  smoke  as  it  rose  from  the  plates  arranged 
itself  in  visible  strata  around  the  electrified  surfaces, 
preseuting  numerous  beautiful  appearances.  These  re- 
searches of  Franklin  were  followed  up  by  MM.  Wile ke 
and  ^pinus  j  and  it  is  but  due  to  this  latter  most 
acute  electrician  to    remark,  that  as   far  as  the  ex- 
planation of  all  these  phenomena  depends  upon  elec- 
tricJil    induction,  he  arrived  at  a  just  theory  of  the 
matter.     Beccaria  and  Canton  also  published  several 
curious  memoirs  on  this  subject.     It  was  maintained 
by  some  that  there  actually  existed  an  atmosphere  of 
electricity  surrounding  the  excited  body;  but  ^l^^pinus 
justly  contended   that  the   effects  which  appeared  to 
indicate  the  presence  of  such  an  atmosphere  were  to 
be  ascribed  to  electrical  influence 5  and  that  the  sup- 
posed e^ttent  of  such  an  atmosphere  was  in  fact  only 
the  sphere  of  action  of  the  electricity  arranged  upon 
the  excited  body :  but   at  the  same  lime  he  mingles 
with  tLe-se  correct  views  some  portion  of  error  in  sup- 
posing that   the   air   is    electrified   throughout    this 
sphere  of  influence,  when  in  fact  it  is  much  more 
limple  to  leave  the  air  (in  this  sense)  out  of  the  ques- 
tion, and  to  consider  the  particles  of  smoke  only  as 
so  many  small  bodies,  possessed  of  freedom  of  motion, 
aod  therefore  attracted  towards  an  electrified  surface. 
It  would  be   an  unprofitable  task  to  enter  upon  a 
minute  examination  of  M.  Canton's  views,  which  were 
m  principle  deduced  from  the  explanations  of  jEpinus, 
but  which  contain  also  some  erroneous  opinions  re- 
spectii^  the  part  performed  by  the  air  in  the  produc- 
tion of  these    phenomena.    Canton   found  that   two 
unelectrified  pith  balls  placed  within  a  small  distance 
&f  an  excited  body,  such  as  either  a  glass  tube  or  a 
stick  of  wax,  diverged,  from  having  become  charged 
with  an   electricity  opposite  to  that  of  the  excited 
body.    And  generally  that  any  unelectrified  substance 
placed   within    the   electric    atmosjdrere    (sphere   of 
action)  of  any  excited  body,  obtained  a  charge  of  the 
dissimilar  electricity.  These  facts  admit  of  a  ready  ex- 
planation^ upou  the  principles  of  electrical  induction. 


and  in  taking  leave  of  this  subject  we  have  only  to    Cliap*  IV, 
remark  that  the  views  of  M,  ^^i^pinus  appear  to  have  ^--^^^-^^ 
been  much  more  philosophical  and  accurate  than  those 
of  the   preceding  or  contemporary  cxperimentalistSj 
in  til  is  field  of  research. 

(97.)  In  considering  the  arrangement  or  distribution  Arrangc- 
of  the  electric  fluid  upon  conducting  bodies  in  con-  ^"^^^^^ 
tact,  (art.  76,)  we  were  unwilling  to  pursue  those 
investigations  further  at  that  time,  from  their  inti- 
mate connection  with  the  new  tlistributiou  which 
takes  place  the  instant  that  contact  is  destroyed  j  and 
it  was  impossible  to  enter  upon  that  part  of  our  task 
without  a  previous  nc(|Uaiutance  with  the  phenomena 
of  induced  electricity.  The  faint  outline  which  we 
propose  now  to  give  of  these  arrangements  is  impe- 
riously called  for  by  the  numerous  consequencea 
deduciblc  from  thevn,  and  which  must  all  be  taken 
into  account  by  the  accurate  practical  electrician. 
We  arc  therefore  for  the  present  agfiin  confined  to  the 
enunciation  of  certain  facts  presented  to  us  by  experi- 
ment, which  it  will  require  all  the  ingenuity  of  the 
most  refined  theory  fully  to  account  for. 

If  two  spheres  of  equal  mai^nitude,  composed  of 
conducting  matter,  be  electrified  and  placed  in  con- 
tact, the  free  electricity  will  be  equally  divided  be- 
tween them  J  and  it  may  be  proved  by  delicate  experi- 
ment that  no  free  electricity  resides  at  the  point  of 
contact  J  this  also  is  conformable  to  theory.  If  now 
the  two  spheres  be  separated  beyond  the  limit  of  the 
sensible  influence  of  each  otheri  the  free  electricity 
will  be  found  of  equal  intensity  upon  each  ;  or,  in  other 
words,  the  two  spheres  have  during  their  contact 
divided  tlie  electricity  c(|ually  between  them.  In  the 
case  of  unequal  spheres,  it  may  also  be  proved  by 
experiment,  and  accounted  for  by  theory,  that  after 
their  contact  the  total  quantity  of  electricity  carried 
off  by  the  smaller  sphere,  is  less  than  tlmt  which 
remains  with  the  larger  sphere  ;  but  according"  to  a 
Imv  depending  upon  the  ratio  of  their  diameters,  such 
that  t!ie  stratum  of  fluid  retained  upon  the  smaller 
sphere  is  of  greater  thickness  than  that  upon  the 
larger  sphere. 

Thus  far  we  speak  of  the  ultimate  arrangement  of 
the  fluid,  when  the  two  bodies  shall  have  been  re- 
moved beyond  the  sphere  of  their  mutual  influence 
upon  each  other  j  but  let  us  now  take  into  account 
the  effect  of  induction,  and  trace  the  progress  of 
effects  upon  the  spheres  during  their  gradual  recession 
from  each  other. 

Let  there  be  two  unequal  spheres,  both  vitreously 
electriiicd,  of  which  fig.  60  may  represent  a  vertical  sec- 
tion. The  bodies  being  so  arranged  that  their  centres 
may  move  along  the  same  horizontal  lime  ;  when  the 
points  A,  Of  arc  in  contact  the  electricity  is  unequally 
divided  between  them,  and  arranged  at  their  surfaces, 
but  is  absolutely  nothing  at  this  point  of  contact.  At 
the  instant  of  their  separation,  however,  this  arrange- 
ment is  destroyed,  a  part  of  the  combined  electricity 
of  the  smaller  sphere  is  decomposed,  and  the  resinous 
portion  thereof,  being  the  contrary  to  that  of  the 
larger  sphere,  is  attracted  to  the  point  tt^  by  which  the 
spheres  fonucrly  were  in  contact.  By  gradually  in- 
creasing the  distance  of  the  spheres,  this  effect  is 
diminished,  and  at  lengtli  a  position  may  be  found,  at 
which  the  resinous  electricity  of  the  smaller  sphere 
developed  by  induction,  and  collected  at  the  point  </, 
is  equal  to  the  vitreous  electricity  at  the  same  pointy 
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Practical  accordii^g  to  the  state  of  its  distribution  over  the 
^^^^iriti^f.  sphere,  and  thus  a  second  time  the  point  a  is  found 
""^^v"^^  without  a  single  molecule  of  free  electricity.  The 
distance  at  which  this  effect  takes  place>  depends  upon 
the  ratio  of  the  radii  of  the  spheres,  and  the  quantity 
of  electricity  at  irst  communicated  to  the  system. 
By  all  further  separation  beyond  this  limit,  the  elec-> 
tricity  remains  of  the  same  nature,  throughout  the 
whole  surface  of  the  smaller  sphere,  being  the  same 
which  it  possessed  at  the  moment  of  contact.  These 
phenomena  are  peculiar  to  the  smaller  of  the  two 
spheres,  whatever  be  the  quantity  of  electricity  com- 
municated to  the  system.  Upon  the  larger  sphere, 
and  upon  every  part  of  it,  the  electricity  is  at  all  times 
of  the  same  kind  as  during  the  contact  of  the  bodies. 
(See  part  ii.  for  the  mathematical  investigation  of 
these  properties.) 

The  laws  by  which  these  effects  may  be  foreseen 
and  calculated,  have  even  been  extended  to  the  same 
problem  in  its  most  general  form,  where  the  spheres 
are  not  first  brought  into  contact,  but  are  charged 
with  any  known  quantities  of  the  same  or  opposite 
electricities. 

(98.)  Under  whatsoever  conditions  the  experi- 
ment is  commenced,  if  there  does  not  exist  upon  the 
two  spheres  that  exact  ratio  between  the  two  elec- 
tricities in  quantity  and  kind,  which  contact  woufd 
kave  established,  according  as  they  gradually  approach 
each  other,  the  thickness  of  the  electric  strata  at  the 
points  nearest  to  each  other  upon  the  two  suHbcea 
becomes  greater,  and  increases  as  their  distance 
diminishes.  The  same  effect  takes  place  with  regard 
to  the  pressure  exerted  by  the  electricity  against  the 
lamina  of  air  interposed  between  the  two  bodies. 
Finally  then,  this  pressure  will  overcome  the  resist- 
ance of  the  air,  and  the  fluid  escaping  under  the  form 
of  a  spark  or  otherwise,  ought  to  pass  before  the 
contact  from  one  surfiice  to  the  other.  The  fluid 
thus  accumulated  previously  to  the  discharge  is  of 
of^x^site  kinds,  and  of  nearly  equal  intensities  upon 
each  of  the  spheres. 

If  at  the  first  opposite  electricities  be  communicated 
to  the  two  spheres,  the  chaige  which  arranges  itself 
upon  each  to  form  the  spark,  continues  to  consist  oi 
portions  of  these  opposite  electricities.  But  suppose 
both  spheres  to  have  received  the  same  kind  of  elec- 
tricity, vitreous  for  example,  then  during  their  ap- 
proach a  decomposition  of  the  combined  electricity 
takes  place  upon  that  sphere  which  contains  less  oi 
the  vitreous  fluid  than  it  oi^ht  to  have  during  con- 
tact; the  resinous  electricity  resulting  from  this 
decomposition  is  determined  towards  the  point  where 
the  spark  is  preparing;  and  at  the  same  time  the 
other  sphere,  which  has  already  more  vitreous  elec- 
tricity than  it  ought  to  have  aiter  contact,  remains 
Titreous  throughout. 

Other  and  more  complicated  cases  of  electrical 
action  dependent  upon  these  principles,  and  connected 
with  this  series  of  iUustrmtions^  have  been  devised  as 


trials  of  the  theory ;  but  as  that  is  not  our  present  ^Gaa 
object,  we  limit  ourselves  to  an  explanation  of  such  ^— ^ 
cases  only  as  occur  in  experimental  electricity. 

(99.)  Perhaps  it  may  be  thought  that  we  have 
even  carried  these  apparently  intricate  details  further 
than  was  absolutely  necessary  for  our  practical  pur- 
poses ;  but  it  is  only  at  this  part  of  our  progress  that 
we  find  ourselves  in  possession  of  sufficient  acquaint^ 
ance  with  the  phenomena  of  electricity,  to  ex{^ain  m 
result  which  we  could  not  avoid  meeting  with  in  the 
outset  of  our  compilation.  Why  did  not  the  baU 
mentioned  in  art.  2,  as  soon  as  it  had  received  a  por^ 
tion  of  the  same  electricity  which  had  been  developed  • 
upon  the  glass  tube,  manifest  a  spontaneous  repul- 
sion }  To  answer  this  question,  we  must  minutely 
consider  all  the  circumstances  of  the  case.  The 
excited  glass  tube  may  be  supposed  to  be  studded 
with  molecules  of  vitreous  electricity,  fixed  immov- 
ably upon  the  particles  of  its  surface.  Upon  present- 
ing this  excited  tube  to  the  suspended  pith  ball,  ita 
natural  electricity  is  decomposed,  and  as  we  have 
shown,  in  art.  17>  attraction  must  take  place,  the  ball 
then  comes  in  contact  with  the  tube.  During  this 
process,  the  side  of  the  ball  next  to  the  tube  is 
charged  with  resinous  electricity,  and  as  it  is  formed 
of  conducting  matter,  a  sufiicient  quantity  of  the 
resinous  fluid  is  immediately  supplied  to  neutralize 
the  one  or  more  molecules  of  vitreous  electricity 
found  upon  the  glass  exactly  at  the  point  of  contact. 
When  this  neutralization  is  completed,  there  still  re-« 
mains  the  attraction  of  all  the  more  distant  molecules 
of  vitreous  electricity  disposed  upon  the  surface  of 
the  glass,  where  they  are  fixed,  and  therefore  camtot 
proceed  to  the  ball  for  the  purpose  of  neutralizing  the 
stratum  of  resinous  electricity  whkh  they  have 
attracted  to  its  proximate  sur&ce.  Hence,  then,  it  is 
necessary  either  to  let  the  ball  move  along  the  snr^ 
&ce  of  the  glass,  so  as  to  pick  up,  as  it  were,  a  sufii- 
cient number  of  molectdes  of  ritreous  fluid  to  satu* 
rate  all  its  induced  resinous  fluid,  and  to  produce  aa 
actual  and  immediate  repulsion  between  the  two 
bodies ;  or  else  by  shaking  off^  the  ball  from  the  tube,, 
and  then  gradnally  approximating  the  bodies,  there 
may  be  &  distance  foumi  at  which  the  repulsive  force 
exerted  between  the  fluid  upon  the  tube,  and  the  fluid 
imparted  to  the  boll  is  manifest ;  at  least,  if  the  dis- 
parity of  excitement  be  not  too  great,  a.  circumstanoe 
that  ought  to  be  guarded  against. 

(lOa)  Alter  these  ample,  and  as  we  trust  satisfacN* 
tory  details,  it  scarcely  can  be  necessary  to  enter 
minutely  into  the  same  analysis  of  all  the  efi^eets  prc^-i 
duccd  in  the  eases  of  balls  of  conducting  matter  men-i 
tioned  in  art  If.  We  there  asserted  that  the  effects 
produced  by  electrical  induction  would  tend  to  aid 
the  forces  under  examination,  and  such,  upon  &  just 
review  of  the  matter,  will  be  found  to  be  strictly  the  case. 

For  several  of  the  illustrations  in  this  chapter  we 
are  indebted  to  the  admiraUe  Traits  de  Physique  of 
M.  Blot,  voi.  ii. 


Application  of  the  principles  of  induction  fa  the  (irlificial  increase,  cr  quantUatwe  accumulation  of  ekctricify. 
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Iir  Ibe  first  three  chapters  of  this  treatise,  electrical 
.  ptienometia  have  been  described  and  reiisooe*!  upon 
t  nnder  tKe  hypothetical  O3sum|)tion  of  two  fluids,  ever 
rcistdent  in  all  bodies  j  and  these  chapters  were 
drrated  to  an  examination  of  the  effects  produced  by 
the  motions  of  the  identical  communicated  or  trans- 
mitted molecules  of  these  fluids.  Tlie  subsequent 
chapter  brought  before  us  the  agency  of  a  given 
quantity  or  intensity  of  electricity,  in  enabling  us  by 
Its  infioence  to  develope  in  other  insulated  conducting 
bodies  a  certain  portion  of  free  electricity,  dependent 
npoo  known  laws  arising  from  the  magnitude,  form, 
<od  relative  position  of  the  bodies.  In  tlic  chapter 
now  before  xis,  we  proceed  to  show  in  what  manner, 
by  a  practical  application  of  these  principles,  we  may 
be  enabled,  by  having  at  command  a  sort  of  reservoir 
capable  of  retaining  a  given  quantity  of  either  free 
electricity,  to  obtain  from  the  earth  and  to  insulate  an 
equal  quantity  of  the  dissimilar  fluid,  which  is  the 
principle  of  the  electropkoruSf  or  by  similar  means  to  de- 
termine towards  any  given  part  of  an  insulated  system 
of  bodies  a  greater  proportion  of  electricity  than  that 
part  would  otherwise  acquire,  which  is  the  effect  both 
of  the  condenser  and  the  electrical  jar  or  bnitery.  The 
following  then  will  form  the  principal  matters  con- 
tained in  the  three  sections  of  this  chapter. 

\  L     The  electrophoms, 

5  IL   The  condenser,  and  its  applications* 

I  1X1.  The  electrical  jar,  and  battery, 

§  L  The  ekclrophorus. 

(lOl,)  The  electrophonis  was  invented  by  the  cele- 
Vrated  Volta,  about  the  year  1774*  and  Irom  the 
irrinciples  of  its  action  we  trust  we  shall  he  enableil 
folly  to  establish  its  claim  to  a  place  in  this  part  of 
our  treatise.  To  be  as  explanatory  as  possible,  let  us 
aoalyze  certain  effects  depending  iqjon  the  properties 
of  induced  electricity,  before  we  proceed  to  an  ex- 
amination  of  the  instrument  itself 

It  has  been  shown,  that  if  we  bring  any  im insu- 
lated conducting  body  near  to  an  electrified  and 
insulated  conductor,  and  then  suddenly  insulate  the 
former  boily,  and  remove  it  beyond  the  sphere  of 
iction  of  the  electrified  conductor,  we  shall  find  that 
it  has  acquired  a  charge  of  free  electricity.  If  a  disc 
of  metal  J  furnished  with  an  insulating  handle,  be 
brought  near  to  the  electrified  conductor  of  a  machine, 
(taking  care  that  no  spark  pass  between  the  bodies,) 
and  then  again  removed,  it  will  be  found  upon  trial 
to  remain  in  its  natural  imexcited  state  ;  but  if  at  the 
nme  time  that  the  disc  is  near  the  conductor^  it  be 
touched  with  the  finger,  so  as  to  form  a  communica- 
tion with  the  earth,  and  then  withdrawn  from  the 
presence  of  the  electrified  conductor,  it  w  ill  he  found 
to  have  acquired  a  charge  of  free  electricity  dissimilar 
in  nature  to  that  of  the  conductor. 

Next,  let  a  metal  disc  A,  fig.  ^l,  supported  upon 
an  in^nlating  stand,  receive  a  spark  from  the  prime 
conductor  of  an  electrical  machine  j  it  may  then  be 


employed  to  electrify  another  similar  disc  R,  without  ciiap.  V- 
contact  or  spark,  by  the  means  pointed  out  in  the  two  ^^-^^>^^^i/ 
former  experiments ;  and  us  the  second  disc  is  elec- 
trified by  imluction,  without  abstracting  one  particle 
from  the  electricity  of  the  first  disc,  the  experiment 
may  be  repeated  an  indefinite  number  of  times  j  or, 
at  least,  so  long  as  the  disc  A  is  able  to  retain  its 
electricity.  The  only  obstacle  to  this  being  the  dis- 
persion which  is  continually  going  on  from  the  con- 
tact of  the  air. 

To  analyze  the  process  that  takes  place  in  these 
discs,  let  the  lower  disc  A  be  made  to  communicate 
by  a  wire  with  an  insulated  pith-ball  electrometer,  as 
seen  in  the  figure.  On  the  communication  of  elec- 
tricity by  the  spark  the  balls  will  diverge,  but  in  pro- 
portion as  we  bring  near  the  uninsulated  disc  B,  the 
divergency  of  the  balls  and  wires  will  diminish,  until 
at  la^t  the  electricity  which  before  rendered  them 
mutually  repulsive  seems  to  be  destroyed.  But  it  is 
in  fact  only  rendered  latent,  for  as  soon  as  the  disc 
which  communicates  with  the  earth  is  again  removed, 
the  divergency  of  the  wires  is  reproduced  to  an 
extent  as  great  as  before*  In  tliis  case  the  decompo- 
sition of  the  natural  fluid  contained  in  the  upper  pJate 
increases  as  the  plate  approaches  towards  the  elec- 
trified body,  and  consequently  its  electricsd  charge 
augments  in  proportion  as  the  distance  between  the 
two  discs  decreases »  and  would  arrive  at  a  maximum 
at  the  instant  of  that  distance  becoming  nothing. 
The  obtaining  this  maximum  effect  is  however  pre- 
vented by  the  passage  of  a  spark  between  the  bodies* 
for  which  reason  it  is  necessary  to  interpose  a  thin 
lamina,  of  some  substance  not  readily  permeable  to 
the  electric  fluid,  such  as  a  plate  of  glass,  or  a  stratum 
of  resin. 

By  the  application  of  this  method,  we  arrive  at  the 
construction  of  the  electrophonts.  Let  the  lower  plate 
be  supported  by  an  insulating  stand  as  before ;  upon 
its  upper  surface  place  a  thin  phite  of  glass,  and  let 
the  upper  plate  of  metal  also  be  furnished  with  aa 
insulating  handle.  If  then  electricity  be  conmmni- 
cated  to  the  lower  plate  by  a  spark,  we  may  at  will 
place  the  upper  [date  UjK>n  the  glass,  tonch  it  for  an 
instant  with  the  linger,  and  then  having  raised  it  by 
the  insulating  handle,  it  will  be  found  charged  with 
an  electricity  the  opposite  to  that  of  the  lower  plate* 
This  process  may  be  repeated  indefinitely. 

Retaining  these  principles  in  view,  we  may  con- 
struct an  elect rophorus,  such  that  the  thickness  of 
the  insulating  plate  may  be  indefinitely  small,  by 
forming  the  lower  disc  of  glass  or  resin,  either  of 
which  substances  may  be  excited  by  friction,  and  re- 
tain their  electricity  so  forcibly,  that  the  upper  me- 
Udlic  disc  may  be  placed  immediately  upon  the 
surface  of  the  excited  disc,  without  receiving  by  com- 
munication any  sensible  quantity  of  electricity,  while 
at  the  same  time,  from  the  proximity  of  the  metal 
which  is  to  be  electrified  by  induction,  to  the  elec- 
tricity resident  upon  the  glass  or  resin,  the  most 
powerful  effects  are  produced. 
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Practical  (l02,)  Sucli  is  ill  fact  tlie  electrop horns  of  Volla, 
Electricity.  Let  B  B,  li^,  G2,  be  the  upper  surfucc  of  a  plate  tif 
reslii  nibbed  with  a  ciil-skiii^  by  means  of  which 
resinous  electricity  is  developed.  Let  a  metal  disc 
A  A,  suspended  by  an  insubitine^  handle,  be  gnidually 
brought  near  to  the  resinous  plate,  and  let  a  vnre 
pass  from  the  upper  part  of  the  metal  plate  to  an 
insulated  pith -bail  electroscope.  In  this  case  the 
balls  will  be  found  to  diverge  with  resinous  elec- 
tricity. By  employing  a  plate  of  glass  instead  of 
resin,  the  converse  effect  is  of  course  produced. 
Hence,  generally  the  electricity  of  the  upper  surface 
of  the  metallic  plate,  iis  manifested  by  the  pith  baits, 
is  of  the  same  nature  with  that  of  the  lower  plate 
excited  by  friction. 

If  the  upper  disc  be  placed  in  contact  with  the 
excited  plate,  and  again  removed,  as  all  the  effects 
that  can  be  produced  arise  from  the  decomposition  of 
its  natural  electricity,  and  as  from  the  insulation  nei- 
thcr  electricity  can  escape,  upon  again  withdrawing 
the  disc,  these  electricities  recombine,  and  the  metal 
returns  to  its  natural  state.  But  if  a  considerable 
time  elapse  before  this  removal  and  recomposition 
take  place,  some  portion  of  that  electricity  which 
has  been  repelled  towards  the  pith-ball  electrometer, 
^vill  be  dissipated  by  the  contact  of  the  air,  and  an 
exact  spontaneous  saturation  cannot  again  take  place. 

From  the  preceding  analysis  of  effect,  it  is  evident 
that  in  order  to  give  to  the  metal  disc  the  utmost 
charge  of  which  it  is  susceptiblcj  we  must  open  a 
channel  for  the  escaiie  of  the  resinous  electricity 
which  is  repelled  j  and  this  is  done  by  touching  the 
disc  for  a  moment  with  the  finger^  and  thys  connect- 
ing it  with  the  ground. 

As  yet  we  have  considered  the  surface  which  has 
been  submitted  to  friction,  as  if  it  alone  existed  in  a 
state  of  perfect  insulation  In  free  space  j  but  in  reality 
the  resinous  cake  of  the  electrophonts  is  a  plate  of 
appreciable  thickness,  and  hence  a  new  series  of 
phenomena  will  arise.  The  electricity  developed  at 
the  surface  which  has  been  rubbed  must  act  by  influ- 
ence upon  the  natural  electricity  of  the  second  surface 
also,  and  of  all  other  contiguous  bodies,  in  the  saoie 
manner  as  it  acts  upon  the  movable  plate  of  metal  ^ 
and  this  complicated  action  will  modify  the  absolute 
quantity  of  electricity  which  is  to  be  rendered  latent 
during  the  contact. 

Let  us  tlien  consider  the  elect  rophorus  of  Volta  as 
It  is  actually  constructed.  Let  B  B,  Bg,  G3,  be  the 
resinous  cake,  which  it  is  usual  to  have  cast  in  a 
mould  of  tin  D  D,  so  that  in  fact  all  the  points  of  the 
under  surface  of  the  plate  have  an  immediate  com- 
munication with  each  other  Previously  to  exciting 
it  by  friction,  let  the  apparatus  be  placed  upon  an 
insulating  stand,  and  let  the  tin  case  communicate 
with  the  balls  of  an  electroscope.  Beat  the  upper  sur- 
face of  the  resinous  plate  with  a  piece  of  dry  fur,  and 
the  balls  of  the  electroscope  will  diverge  with  resin- 
ous electricity.  Evidently  then  this  eflfect  has  been 
pro(hiced  by  the  electricity  developed  at  the  upper 
aurfiue,  which  has  decomposed  the  tiatural  electricity 
of  the  case,  and  attracteil  the  vitreous  portion,  at  the 
same  time  that  it  repelled  the  corresponding  resinous 
portion  to  tl»e  electroscope.  Next,  touch  the  case, 
the  resinous  electricity  is  abstracted,  and  the  vitreous 
remaining  latent,  undergoes  no  diminution,  bnt  in 
conaetjuence  of  the  escape  of  the  resinous  portioDj  the 
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threads  collapse.  If  now  we  gradually  bring  near 
the  superior  metal  disc,  touching  it  at  the  same  time 
with  the  finger,  so  that  it  tnay  communicate  with  the 
earth,  the  free  electricity  of  the  resin  acting  upon  the 
natural  combined  electricity  of  t!ie  metal  plate, 
repels  its  resinous  electricity  to  the  earth,  and 
attracts  hs  vitreous  portion  towards  that  surface 
which  is  nearest  to  the  resinous  disc.  This  vitreous 
electricity,  acting  in  its  turn,  by  attraction  upon  the 
resinous  electricity  of  the  surface  rubbed,  and  also  by 
repulsion  upon  the  vitreous  electricity  collected  upon 
the  tin  case,  evidently  tends  both  ways  to  diminish 
the  force  by  which  this  vitreous  electricity  is  rendered 
latent,  and  some  will  therefore  be  set  free,  causing 
the  balls  again  to  diverge,  but  with  vitreous  elec- 
tricity, and  this  divergence  will  increase  in  propor- 
tion as  the  metal  disc  approaches  more  and  more 
nearly  to  the  resinous  plate.  But  since  this  vitreous 
electricity  of  the  case  tends  to  repel  the  vitreous 
electricity  with  which  the  upper  plate  is  to  be 
charged,  we  must  make  the  tin  case  communicate 
with  the  earth,  by  which  means  it  is  reduced  to  its 
natural  state^  and  the  electricity  of  the  upper  surface 
of  the  resin  renders  latent  the  maxiinimi  quantity  of 
vitreous  electricity  upon  the  metal  disc  A  A,  jyst  as  if 
the  tin  case  did  not  exist  at  alL 

(103.)  In  repeating  all  these  experiments  with 
rigid  accuracy,  the  influence  of  the  air  in  producing  a 
gradual  dissipation  of  those  electricities  which  are 
not  rendered  latent  must  be  taken  into  the  account  | 
but  if  we  consider  an  electrophorus  left  with  its 
plates  in  contact,  we  shall  sec  no  reason  to  suppose 
that  its  effects  will  be  much  if  at  all  diminished  by 
the  access  of  the  air  j  because  all  the  resinous  elec- 
tricity of  the  lower  plate  is  rendered  latent  by  a  satu- 
rating quantity  of  vitreous  fluid,  which  has  been 
attracted  tovvards  the  lower  surface  of  the  upper 
plate,  by  means  of  its  communication  with  the  earth. 
Hence  it  is  found  that  a  well-constructed  electro- 
phorus will  remain  for  months  in  full  energy,  but  in 
process  of  time  the  two  electricities  of  the  plate  and 
the  resin  do  actually  enter  into  combination,  and 
undergo  a  mutual  and  permanent  saturation. 

(104.)  It  is  even  possible  to  form  an  electrophorus 
such  that  the  resinous  plate  may  receive  and  retain  a 
charge  of  vitreous  electricity.  For  if  two  resinous 
disc  be  taken  of  equal  magnitude,  and  one  of  them 
be  excited  by  beating  and  rubbing  it  with  a  cat-skin, 
we  know  that  it  will  become  resinously  electrified, 
and  that  consequently  it  will  be  capable  of  developing 
a  charge  of  vitreous  electricity  in  the  movable  metal 
disc  of  an  electrophorus-  Having  thus  charged  the 
movable  metal  disc,  let  it  be  placed  upon  the  unelec- 
t rifled  plate  of  resin,  and  after  having  remained  some 
time  in  this  situation,  the  resinous  disc  will  have 
suffered  the  decomposition  of  some  of  its  superficial 
electricity.  The  resinous  portion  will  have  combined 
to  neutralize,  as  far  as  it  may  be  able,  the  free  vitreous 
electricity  of  the  metal ;  and  upon  the  removal  of 
the  upper  disc,  the  resinous  plate  retains  a  charge  of 
vitreons  electricity.  l*hus  w^e  obtain  an  electro- 
phorus, the  effects  of  which  are  directly  contrary  to 
those  of  the  original  one,  w  hich  has  so  long  occupied 
our  attention, 

(10.>.)  The  best  composition  for  the  resinous  plate  Comj 
is  found  to  consist  of  equal  weights  of  shell-lac,  resin,  tion  | 
and    Venice    turpentine^    melted    together.     These  P^*** 
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ingredients  arc  to  be  poured,  while  in  a  fluid  state, 
into  ibe  tin  case  prepared  for  their  reception  |  or  if 
no  permanent  case  be  required  the  mixture  may  be 
poured  into  a  tin  rim  half  an  inch  deep,  placed  upon 
a  smooth  marble  slab,  from  which  the  cake  may 
easily  be  separated  when  cohL 

Mr.  Cavallo  states  that  an  electropbonis,  which  he 
had  made  of  the  second  sort  of  sealing-wax,  spread 
upon  a  thick  plate  of  glass,  six  inches  in  diameter, 
when  once  excited  would  charge  a  coatetl  phial 
aeveral  timei  successively  so  strongly  as  to  pierce  a 
hole  through  a  card  with  the  discharge.  **  Some- 
times the  metal  plate,  when  separated  from  it,  was  so 
strongly  electrified  that  it  darted  strong  Hashes  to  the 
Hble  upon  which  the  electric  plate  was  laiil,  and 
eicn  into  the  air,  besides  causing  the  sensation  of  the 
spider *5  web  upon  the  face  when  brought  near  to  it, 
like  an  electric  strongly  excited,"  I'avallo's  Ekctrkitif, 
ToL  ii.  p.  53. 

On  the  subject  of  the  Electrophorus,  consult  Volt  a, 
/our,  de  Phy&,  voL  viii.  5  Menley,  PhiL  Trans,  Ixvi. 
p.  513;  Achard,  Mtm.  Amd.  BeroL  177«i  P*  1'2^  5 
Avallo,  Phil.  Trans.  177  7,  V-  Htl*  3SS  ;  Ingenhouz, 
PhiL  Tran»,  vol.  Ixvtii,  p.  1037  .;  Henley,  PhiL  Trans, 
fol.  Ixviii.  p,  1049  j  Robert,  Jour,  de  Phifs*  voLxxxviii, 
p.  183  ;  Biotj  Physique^  vol*  ii.  p.  374. 

§  II.  The  condenser,  and  its  appUcaiion^ 

(106.)  From  the  laws  of  electrical  distribution 
wMch  have  been  already  investig-ated,  it  appears  that 
ooe  conductor,  charged  with  a  given  quantity  of  elec- 
tricity, will  communicate  by  contact  to  another 
uaelect rifled  and  insulated  conductor,  a  certain  quan- 
tity of  the  same  free  electricity  with  which  the  former 
conductor  is  endowed.  Throughout  the  case  now 
enonciated,  the  two  conductors  are  supposed  to  be 
placed  in  free  space,  or  at  least  to  have  all  other 
bodies  situate  beyond  the  sphere  of  influence  of  the 
fluid  distributed  to  them. 

Let  us  now  proceed  to  show  that  the  quaitity  of 
dectncity  communicated  to  the  second  conductor 
may  vary  greatly  if  the  last  condition  specified  be  not 
strictly  complied  with,  In  tig.  64,  A  is  a  metal  disc, 
hanog  a  strong  wire  and  knob  alHxed  to  its  upper 
fiir&ee.  By  bending  the  wire,  a  loop  is  formed 
Uirou^h  w*hich  there  passes  a  glass  rod  B,  which 
serves  as  an  insulating  handle.  If  now  the  knob  be 
allowed  to  touch  the  excited  prime  conductor  of  a 
iDachine^  the  wire  and  plate  A  will  receive  a  certain 
diarg^e  of  electricity,  which  may  be  roughly  measured 
hj  touching  the  ball  of  the  electrometer,  fig,  32,  with 
tic  plate  A.  That  this  ex] leri men t  may  succeed  well, 
it  is  necessary  that  the  charge  of  the  prime  con- 
tactor should  be  but  slight,  and  consequently  the 
divergence  of  the  gold  leaves  will  not  be  consider- 
able. Now  we  may  conclude  that  as  the  conductor 
u  of  considerable  magniturle  when  compared  with 
the  plate  A,  the  quantity  of  electricity  carried  ofl"  by 
one  contact  is  not  great-  and  that  therefore  by  ano- 
ther similar  contact  of  the  plate  A,  we  shnll  be  able  to 
obtain  a  nearly  equal  quantity  of  free  electricity.  Let 
this  contact  however  be  made  with  some  variation  of 
circumstance  j  for  at  the  same  time  that  the  knob 
touches  the  prime  conductor  let  another  metal  discC, 
having  also  a  metal  stand,  which  is  to  be  held  in  the 
band,  be  brought  near  to  A  ;  so  that  the  planes  of 
the  two  plates  may  be  purallel  to  each  other,  but  not 
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SO  near  that  any  spark  may  pass  from  one   to  the   Cluip»V, 

other.  While  they  arc  in  this  relative  position,  let ' 
this  system  of  bodies  be  withdrawn  from  the  prime 
conductor,  and  then  also  remove  the  plate  C,  and 
apply  the  plate  A  to  the  electrometer  as  before.  It 
will  then  he  found  that  the  leaves  diverge  much 
more  widely  than  before,  and  consequently  the  plate 
A  has  carried  off  a  quantity  of  electricity  much 
greater  than  during  the  former  contact. 

By  a  recurrence  to  the  princi|des  of  induced  elec- 
tricity we  shall  obtain  a  ready  explanation  of  these 
effects.  The  body  A  receives  in  the  first  case  its  ordi- 
nary charge  of  communicated  electricity,  but  in  the 
second  case,  upon  the  approach  of  the  plate  C,  the 
natural  electricity  of  C  is  decomposed  by  the  influ- 
ence of  the  electricity,  (be  it  of  what  kind  it  may,) 
that  is  disposed  upon  the  jilate  A.  Of  the  two  elec- 
tricities developed  in  C  by  this  decomjiobition,  the 
one  that  is  of  the  same  kind  with  that  upon  A  is 
repelled  to  the  earthy  and  the  opposite  kind  is  attracted 
towards  the  upper  surface  of  the  plate  t\  In  this 
position  it  IS  able  to  attract  to  the  under  surface  of 
the  plate  A  a  further  quantity  ol  the  free  eleclricity 
of  the  conductor,  an{l  this  upon  its  arrival  will  pro- 
duce a  further  decomposition  upon  the  disc  C.  Thus 
will  these  effects  take  place  in  fact  simuUimeously, 
(although,  for  the  sake  of  illustration,  they  have  been 
traced  in  a  consecutive  orders)  until  an  etjuilibrium  is 
established  between  the  quantity  of  free  electricity 
which  the  conductor  can  afford  to  A,  and  the  <iuan- 
tity  of  the  opposite  electricity  which  the  attractive 
force  of  this  electricity  can  draw  to  the  disc  C  from 
the  great  reservoir  the  earth. 

As  long  as  the  plates  A  and  C  are  near  to  each 
other,  a  great  portion  of  these  electricities  are  ren- 
dered latent  by  their  mutual  influence,  but  upon  the 
separation  of  A  and  C  beyond  their  sphere  of  influ- 
ence,  both  the  electricities  again  resume  their  free 
state  ;  the  rediindant  fluid  of  C  returns  to  the  earth, 
and  the  redundant  fluid  of  A  having  no  channel  by 
which  it  may  escape,  is  capable  of  affecting  the  elec- 
trometer to  a  degree  nmch  greater  than  if  the  disc  C 
had  not  been  employed  in  the  experiment. 

{IQ70  ^Ve  shall  now  be  enabled  to  proceed  to  a  ^^j^^j^jj,^^ 
des  c  ri  p  t  i  on  o  f  t he  Con  demer ;  an  i  n  s  t  r  u  me  n  t  f req  ue  n  1 1  y 
employed  for  the  purpose  of  obtaining  a  consitierable 
quantity  of  electricity  from  a  feebly  excited  substance, 
in  order  that  this  electricity  maybe  transferred  to  the 
electroscope  for  further  examination. 

In  fig.  (J5,  B  is  a  metal  disc,  supported  by  a  stand 
of  the  same  nature.  A  is  a  similar  disc  fitting  upon 
the  upper  surface  of  B,  and  having  an  insulating 
handle  proceeding  from  its  centre,  and  also  a  small 
metal  pin  and  knob  affixed  to  its  circumference.  The 
under  surface  of  the  plate  A,  and  the  iijiper  surftice  of 
the  plate  B,  arc  coated  respectively  with  a  film  of 
of  any  non-conducting  resinous  varnish.  If  now  we 
wish  to  condense  the  charge  of  electricity  w  hich  may 
be  obtained  from  some  feebly  excited  body,  the 
metal  pin  from  the  plate  A  is  placed  in  contact  with 
the  body,  at  the  same  time  that  by  retaining  the 
stand  B  in  one  hand  it  is  allowed  to  communicate 
freely  with  the  earth.  It  is  obvious  that  by  this  pro- 
cess the  charge  which  the  plate  A  is  capable  of 
receiving  is  considerably  increased,  the  electricity  is 
condensed,  and  in  a  great  measure  rendered  latent,  so 
long  as  A  and  B  retain  their  relative  positions.     Next, 
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let  the  contact  between  the  pin  and  the  excited  body 
be  destroyed,  and  then,  by  means  of  the  insulating 
handle,  raise  the  disc  A  from  tlie  stand,  and  apply  the 
pin  to  the  cap  of  a  delicate  electrometer ;  a  fc;:reat  por- 
tion tjf  the  electncity  of  A,  which  the  presence  of  B 
had  rendered  latent,  will  be  set  tree,  and  the  electro- 
meter will  he  sensibly  affected.  The  object  of  the 
varnish  ujmn  the  surfaces  of  the  plates  h  to  prevent 
the  immediate  communication  of  electricity  by  con- 
tact; and  it  is  plain,  from  theory,  that  the  tliianer 
this  interrupting'  stratum  can  he  made  the  better,  A 
plate  of  glass  might  serve  to  separate  the  two  discs, 
but  is  exceedingly  liable  to  the  cendensatiou  of  mois- 
ture upon  its  surfaces,  by  which  the  insulating  pro- 
perty is  greatly  impaired  ;  and  it  is  also  found,  that 
when  a  disc  of  glass  is  employed  m  the  interposed 
plate,  a  very  considerable  portion  of  the  induced 
fluid  remains  affixed  to  the  upper  surface  of  the  glass, 
after  the  insulated  metal  plate  has  been  removed,  by 
which  the  effect  upon  the  electroscope  is  sensibly 
deteriorated. 

Such  is  the  condenser  of  Volt  a,  with  whose  name 
the  instrument  is  usually  associated,  although  iEpinus 
had  before  constructed  a  similar  apparatus.  There 
arc  also  many  other  instruments  in  which  the  same 
principle  is  employed  under  various  modifications, 
according  to  the  peculiar  views  or  purposes  of  the 
iaventorSj  who  have  given  to  them  the  names  of  con- 
densers, doublers,  or  niuliipliers.  From  these  we 
shall  select  such  as  appear  most  worthy  of  descrip* 
lion,  from  iheir  real  utility  to  the  practical  electrician ; 
and  as  it  is  obvious  that  the  principal  use  of  the  con- 
denser is  to  render  sensible  the  presence  of  minute 
quantities  of  electricity,  we  shall  be  prc^^arcd  to  find 
it  an  important  addition  to  our  electroscopic  appa- 
ratus. 

(108,)  Cwthbertson's  condenser  consists  of  two 
circular  brass  plates,  f^^.  66.  The  one  A,  which  is 
called  the  receiving  plate,  is  supported  by  a  glass 
pillar,  while  the  other  B,  which  is  calletl  the  condens- 
ing plate,  rests  upon  a  pillar  of  brass,  or  some  con- 
duct or  j  jointed  at  the  bottom  so  that  it  may  fall  back 
into  the  position  represented  by  the  dotted  lines  of 
the  figure.  If  the  plate  A  he  made  to  communicate 
by  the  hook  at  the  back  of  its  ball  with  any  feebly 
excited  body,  the  presence  of  the  plate  B  which  com- 
municates with  the  earth  will  condense  upon  A  a 
greater  quantity  of  electricity  than  it  could  otherwise 
receive.  Let  the  communication  between  the  plate  A 
and  the  electrified  body  he  destroyed,  and  then  with- 
draw the  plate  B.  By  this  process  the  electricity 
upon  A  will  remain  no  longer  latent,  and  may  be 
comnninicated  by  contact  to  the  cap  of  an  electro- 
scope for  examination. 

(109.)  By  the  combination  of  this  apparatus  with 
Bennetts  gold-leaf  electroscope,  we  arrive  at  the  most 
convenient  and  delicate  instrument  of  this  species. 
In  fig.  67 f  A  is  the  receiving  plate  affixed  to  the  cap 
of  the  electroscope,  and  communicating  with  the 
ground  by  means  of  its  conducting  pillar  C,  and 
capable  of  being  withdrawn  by  turning  upon  its 
movable  joint.  The  practical  application  of  this 
instrument  is  sufficiently  obvious  from  the  explana- 
tions already  given. 

(UO,)  Fig.  68  represents  an  instrument  precisely 
similar  in  principle,  but  differing  slightly  in  its  con- 
atniction.     This    instniraentj   the    condensing  elec- 
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trometer  of  Volta,  has  justly  some  claim  to  attention, 
from  having  been  employed  by  that  celebrated  experi-  ^'— *^ 
mentalist  in  examining  the  weak  electricities  of  the 
galvanic  pile.  It  is  in  fact  the  discs  of  the  condenser, 
in  combination  with  the  straw  electrometer^  which  we 
have  already  sufficiently  described. 

(Ill,)   Ciivallo\i  multiplier, — This  ingenious  instru- Cavdi 
ment  is  represented  by  fig,  09,    It  consists  principally  myli 
of  t^our  circular  brass  discs,  ABC  and  D.  A  is  supported 
by  an  insulating  glass  stem  H,   firmly  fixed  into  the 
wooden  base  of  the  instrument  Q  R  S;  H  is  a  similar 
disc,  having  its  insulating  support  I  affixed  to  a  lever! 
L  K,  moling  upon  a  pivot  at  K.     C  is  a  similar  disc,; 
which  like  A  is  supported  by  an   insulating  rod   G, 
fixed  into  the  board  Q  R.     The  fourth  disc  D,  is  not 
insulated,  being  supported  by  a  metal  rod.    When  the 
lever  K  L  is  placed  as  the  plate  represents,  the  plane 
of  the  disc  B  is  parallel  to  the   plane  of  the  disc  A,         ^ 
and  distant  Virth  of  an  inch.  The  plane  of  the  disc  D  m^M 
also  parallel  to  the  plane  of  the  disc  C,  and  capable  of^^ 
any  variation  of  distance  by  means  of  the  slider  F  F, 
into  which  its  supporting  rod  is  affixed.     O  m   is  a 
small  wire  hxed  to  the  plate  B,  which  when   B  is  as 
near  as  possible  to  A,  touches  a  strong  vertical  wire  N, 
for  the  purpose  of  forming  a  communication  with  the 
earth. 

Let  us  now  suppose  the   plate  A  to  be  connected         \ 
%vilh  any  very  feebly  electrified  body,  and  tor  the  sake 
of  illustration  let  the  electricity  developed  be  vitreous. 
The  lever  being  placed  in  the  position  represented  by 
the  plate,  the  disc  B  is  in  communication  with  the 
earth,  and  will  therefore  have  attracted  towards  it  a 
portion  of  resinous  electricity,  by  which  means  also 
it  will  enable  A  to  receive  a  greater  portion  of  the 
vitreous  electricity  of  the  excited  body*  Upon  remov- 
ing the  lever  for  the  purpose  of  bringing  it  to  the 
position  represented  by  the  dotted  lines,  O  m  ceases 
to  touch  the  wire  N,  and  the  plate  fl  becomes  insu- 
lated.     The    resinous    electricity   which    had    been 
latent  during  its  proximity  to  the  vitreous  electricity 
of  the  disc   A   is  set  free,  and   finally  by  the  small 
wire  O  m  coming  in  contact  with  the  plate  C,  the  free 
electricity  of  B  is  shared  between  the  two  discs  B 
and  £ ;   but  in  consequence  of  the  presence  of  the 
plate    1>,  which  communicates  with  the  eartli,  C  is 
enabled   to  receive  a   much  greater  portion  of  fiuid' 
than  is  left  upon  the  movable  disc  B,     By  successive 
motions  of  the  lever,  any  number   of  repetitions  of 
these  effects  may  be  produced,  until  a  very  conside 
able  charge  of  resinous  electricity  has  accumulat 
and  become  latent  upon  the  disc  C,     By  withdmwing 
the  slider  F  P,  the  plate  D  is  removed  from  the  pre- 
sence of  the  disc  C,  and  as  there  is   no  longer  anjp 
power  capable  of  rendering  latent  the  resinous  elec 
tricity  upon  C,  it  will  be  found  to  have  acquired 
charge  capable   of  affecting  the   electroscope.     It  i 
obvious  that  there  is  a  limit  beyond  which  the  multi- 
plication of  electricity  by  this  instrument  cannot  tak 
place  I    because   after  a  certain  time  the   electricity*; 
upon  C  will  have  accumulated  to  such  an  extent,  that^' 
upon  withdrawing  the  disc  B  from  contact  with  C,  il^' 
will  carry  back  as  much  electricity  as   the   charg^ 
upon  the  disc  A  can  enable  B  to   retain  when  in 
state  of  communication  with  the  earth, 

( 1 12.)  NkhoUons  spinning  condenser. — Fig.  70  and  Nichi 
71  are  designed  to  convey  some  idea  of  this  sin-  spla"J 
gular  instrument.     Fig.  70  represents  in  outline  a^***"*^ 
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wertie&l  section.  ^'  A  is  a  metaliie  vase  having  a  long 
steel  axis  which  passes  tlirough  a  hole  in  the  stand  H 
at  K,  ^rid  rests  on  its  {X)intecl  end  in  an  adjustable 
socket  at  C.  The  use  of  the  vase  is  by  its  weight 
to  preserve  for  a  considerable  time  the  motion  of 
Wfismtng,  which  is  pven  by  the  hnger  and  thumb, 
flfipHed  at  the  top  of  the  instrument.  The  dark  parts 
I>  and  E  represent  two  fircular  plates  of  glass,  nearly 
one  inch  and  a  half  in  diameter.  The  upper  plate  is 
fixed  to  the  vase,  and  revolves  with  it;  the  lower 
is  fixed  to  the  stand.  In  the  lower  ]date  are  iuserted 
two  metallic  hooks  F  and  G,  diametricrdly  opposite  to 
«ftch  other.  They  are  cemented  into  holes  driiled 
into  the  edge  of  the  glass  which  is  nearly  T^s^ths  of  an 
inch  tliick.  In  the  upper  plate  are  inserted  in  the 
jttme  aianner  two  small  tongues  of  the  hne  Hatted 
inre  used  in  making  silver  lace.  These  tongues  are 
bent  down  so  as  to  strike  the  hooks  at  each  revolu- 
tion ;  but  in  all  other  positions  they  remain  freely  in 
tbe  air  without  touching  any  part  of  the  apparatus. 
At  C  is  a  screw,  which  by  raising  or  lowering  the 
wise,  keeps  the  faces  of  the  glass  planes  at  any  re- 
qoired  distance  from  each  other.  The  contiguous 
fiees  of  the  glass  jdanes  are  coiitetl  with  segments  of 
lio-foiL»  as  represented  in  tig.  71*  Each  of  the 
toQgues  from  the  upper  disc  communicates  with  one 
aegment  of  tin-foil  upon  the  same  discj  the  hook  F 
■Iio  communicates  with  that  coating  of  the  lower 
fdate  which  is  the  nearest  to  it,  but  the  hook  G  is 
eatirely  insulated  from  the  whole  apparatus,  and  is 
intended  to  communicate  only  with  the  electrihed 
body,  or  an  atmospheric  conductor.  The  lower 
coating  nearest  to  G  is  made  to  communicate  jier- 
manently  with  the  stand  H,  and  coftsec|ueutly  with 
tbe  earth. 

"  In  this  situation  suppose  the  motion  of  spinning 
to  be  given  to  the  apparatus,  one  of  the  tongues  will 
strike  the  hook  G,  by  which  means  the  upper  coating 
annexed  to  that  tongue  will  assume  the  electric  state 
«f  the  body  w'ith  which  G  communicates  j  and  the 
electric  charge  thus  received  will  he  the  greater  in 
coo^qaence  of  the  proximity  of  the  lower  uninsulated 
place,  to  which  at  that  instant  it  is  directly  opposite. 
The  tongue  G  with  its  plate  or  coating  proceeds 
onward,  and  after  half  a  revolution,  arrives  at  the 
fituation  to  touch  the  hook  F.  The  upper  coating 
with  its  tongue,  the  lower  coating  on  the  side  of  F, 
ind  the  hook  F  itself  must  then  constitute  one  jointly 
insulated  metallic  mass,  throughout  which  the  charge 
©f  free  electricity  received  at  G  is  disfiersed.  Of  this 
dectrieity  the  greater  part  will  he  deterrained  towards 
tiie  hook  F,**  (according  to  the  principles  laid  down 
is  our  third  chapter.)  "  The  motion  being  con- 
tinued, the  coating  and  its  tongue  instantly  pass  on, 
leaving  F  electrified,  and  proceed  to  bring  another 
charge  from  G,  which  is  to  be  deposited  at  F,  as 
before.  The  electroscopic  balls  at  F  will  therefore 
very  speedily  be  made  to  diverge.''  (Nicholsons 
Jiturnal,  April,  1797.) 

(US  )  The  following  general  observations,  by  tbe 
|a^  sor  Robinson^  on  tbe  various  methods  for 

#6'  ■  '^^  minute    degrees    of    electricity   arc   so 

€X«^lect  that  we  feel  no  hesitation  in  presenting  them 
to  our  readers. 

1.  '*  If  the  absolute  quantity  of  electricity  be  small, 
and  pretty  much  condensed,  as  that  produced  by  a 
small  tourmaline  when  heated,  or  by  a  hair  when 


rubbed,  the  only  effectual  method  of  manifesting  its    Chap,  V. 
presence,  and  ascertaimng  its  quality,  is  to  communi'  * 
cate  it  to  a  very  delicate  electrometer  j  i,  e.  one  that 
is  very  light,  and  has  no  great  extent  of  conducting 
surface/'     The  electroscopes  of  Ilaiiy  or  of  Coulomb 
are  best  adapted  to  this  jmrpose. 

^2.  *'  When  we  wish  to  ascertain  the  presence  of  a 
considerable  quantity  of  electricity  which  is  dispersed 
or  expanded  into  a  great  space,  and  is  little  con- 
densed, such  as  the  constant  electricity  of  the  atmos- 
phere in  clear  weather,  or  such  as  the  electricity 
which  remains  in  a  large  Ley  den  jar  after  the  first  or 
second  discharge,  this  may  be  best  ascertained  by 
means  of  Cavallo's  collector,  or  multiplier,  or  by  tbe 
condenser. 

3.  "  When  the  electricity  to  be  ascertained  is 
neither  very  considerable  in  quantity,  nor  much  con- 
densed, such  as  the  electricity  of  the  huir  of  certain 
animals,  of  tlie  surface  of  chocolate  when  cooling,  &c» 
In  this  case,  the  best  method  is  to  apply  a  metallic 
plate  furnished  with  an  insulating  handle,  such  as  one 
of  the  plates  of  the  doublcr,  to  the  electrified  body, 
and  to  touch  the  plate  with  a  linger  while  it  remains 
sometime  in  this  situation,  which  done,  the  plate  is  to 
be  rernovcd,  and  brought  near  to  a  sensible  electro- 
scope ;  or  its  electricity  may  be  communicated  to  the 
plate  of  a  small  condenser,  by  which  it  will  be  ren- 
dered more  apparent.  In  this  operation,  care  must 
be  taken  not  to  bring  the  plate  too  near  the 
body  whose  electricity  is  to  be  examined,  lest  the 
friction  likely  to  happen  between  the  plate  and  the 
body  sliould  produce  some  elect riciLy,  the  origin  of 
which  might  be  attributed  to  some  other  causes*'* 

(114.)  It  may  be  thought  by  some  that  we  have 
described  but  few  of  those  ingenious  instruments 
which  have  been  constructed  for  the  purpose  of  ren- 
dering sensible  minute  degrees  of  electrical  excitation, 
but  in  fact  the  extreme  delicacy  of  Coulomb's  electro- 
scope precludes  all  necessity  for  the  more  complicated 
apparatus  of  spinners,  doiihlers,  m  u  It  i  pliers  ^  &c.  These 
instruments  may  however  be  sometimes  required  for 
certain  pecubar  purjjoses  of  investigation,  and  there- 
fore WT  subjoin  the  necessary  references  for  all  the 
most  important  instruments  of  this  description. 

Cavallo's  Condenser,  Jour,  de  Fh^a.  ^7^^*  p.  258 ; 
Hemmer's  Condenser,  Urens  Jour,  de  P/jyj.  vol.  ii. 
part  U.  p.  "210  ;  Dumotier  s  Condenser,  Jour,  de  Phys, 
vol.  xxxi.  p.  431^  Webcr*s  Condenser,  Gilbert's  Anna^ 
kn,  xi.  p.  344  ;  Wilson*s  Condenser,  Doubler,  and 
Multiplier  ;  Nicholson*s  Jour,  vob  ix.  p.  H>  j  Beunet's 
Uoubier,  Phil.  Trans.  1767,  p.  288^  Nicholson's  re- 
volving Doubler,  PJuL  Trans.  I7b8,  p.  403  ;  Cavallo's 
improvement  upon  Bcnnet's  Doubler,  Phil.  Trans, 
1768,  p.  1  ;  Hachette  and  Desorme's  Doubler,  Bid- 
lefm  de  Soc,  Phdoinalhiqu€f  No.  83  ;  CmaUo's  Multi- 
plier, vol.  iii.  of  his  Treatise  upon  Eifdridtij ,  p»  J)8, 

§  IIL    The  electrical  jar,  and  baitertf, 

(1  Ifj.)  In  our  historical  sketch  we  have  adverted  to 
tbe  discovery  of  the  Ley  den  jar  for  the  accumulation 
of  electricity,  either  by  Kleist  or  Muschenbroeck  i  and 
in  the  present  section  we  propose  to  describe  this 
important  instrument,  both  in  its  simplest  forms,  and 
in  the  more  complex  construction  of  the  electrical 
battery. 

Fig.  7^2  is  a  plain  glass  jar  j  the  shaded  part  repre-  Klectrical 
seats  a  coating  of  tin-foil,  affixed  by  paste  or  gum  ]*r. 
k2 
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Friicttcal  water,  to  the  outsiide  of  the  jarj  while  within,  there 
Electricity,  j^  another  simihir  coatmg  of  tin-foil,  of  the  same  ex- 
^^'^^v'"*^  tent-  A  metal  rod»  terniinnted  hy  a  ball,  is  made  to 
touch  the  interior  coaling  of  the  jar,  and  reaches  two 
or  three  inches  above  the  top.  As  may  be  observed^ 
upon  inspection  of  the  figore,  neither  the  exterior  nor 
interior  coalinj^,  is  allowed  to  extend  very  ncjirlo  the 
edge  of  the  jar, 

(lit?.)  Let  the  jar,  thus  prepared,  be  placed  upon 
a  plate  of  glass,  or  some  insulating  support,  with  its 
ball  nearly  in  contact  with  the  prime  conductor  of  an 
electrical  machine.  Upon  setting  the  machine  in 
motion,  a  feeble  spark  will  pass  from  the  conductor 
to  the  ball;  and  on  removing  the  jar  with  one  hand, 
at  the  same  time  touching  the  ball  with  the  other 
hand,  scarcely  any  effect  will  be  perceived.  The  jar, 
in  short,  will  be  fonnd  to  have  received  no  charge  of 
electricity.  If  now%  instead  of  placing  the  jar  so 
that  the  exterior  coating  remains  insulated,  we  touch 
the  outside  of  the  jar  with  the  hand  or  any  conducting 
body,  or  affix  a  chain  communicating  freely  with  the 
earth  j  upon  again  putting  the  machine  in  motion, 
an  abundant  snccession  of  sparks  will  pass  from  the 
conductor  to  the  hall.  Remove  the  jar,  holding  it  by 
its  exterior  coating  in  one  hand,  and  then  touch  the 
knob  with  the  other  hand,  or  with  any  conducting 
substance  ;  a  strong  spark  will  be  perceived,  and  a 
sort  of  convulsive  shoc!k  will  be  experienced  in  the 
joints  or  muscles,  whiehi  to  most  persons,  is  ex- 
tremely disagreeable.  It  is  easy  to  perceive  when  the 
jar  has  received  its  full  charge  by  the  feebleness,  or 
entire  cessation  of  the  sparks,  passing  from  the  con- 
ductor to  the  knob  of  the  jan  If  it  be  required  to 
communicate  the  shock  to  more  than  one  person,  let 
all  the  party  form  a  chain  hy  joining  hands,  and  let 
the  person  at  one  extremity  of  this  chain  touch  the 
outside  of  the  jar,  w  bile  the  person  at  the  other  ex- 
tremity, completes  the  circuit  by  touching  the  bniss 
knob.  All  will  fee!  the  shock,  and  the  intensity  of 
effect  produced  upon  each  will  not  be  much  less  than 
it  would  have  been,  if  he  alone  had  completed  the 
circuit  between  the  two  surfaces  of  the  jan 

(117.)  Having  thus  described  the  ctnistruction  of 
the  Lcyden  jar,  it  may  be  advisable,  before  we  pro- 
ceed to  examine  the  rationale  of  its  action,  to  refer 
to  certain  experiments  which  will  point  out  the  precise 
circtmistances  upon  which  its  effeets  seem  to  depend. 
I'or  these  researches  we  are  indclited  to  the  labours 
of  Dr,  Franklin.  His  first  efforts  w^ere  directed  to 
the  ascertaining  the  relative  states  of  the  exterior  and 
interior  coating  of  the  jar.  By  suspending  an  elec- 
trified pith  ball  from  a  silken  thread,  he  found  that 
it  would  invariably  be  attracted  by  the  one  coating, 
and  repelled  by  the  other.  Hence  it  was  evident  that 
the  two  coatings  were  oppositely  electrified.  When 
the  interior  communicated  with  the  prime  conduc- 
tor of  a  machine,  it  received  a  charge  of  vitreous 
electricity,  and  the  exterior  coating  became  equally 
charged  with  the  resinous  electricity.  By  reversing 
the  communication,  connecting  the  outside  of  the  jar 
with  the  conductor,  and  the  inside  with  ihe  earth,  the 
converse  effects  were  produced,  and  the  jar  became 
charged  to  a  degree  of  intensity  as  great  as  before* 

(118.)  Having  arranged  two  jars,  so  as  that  the 
knob  of  each  should  receive  electricity  from  the  prime 
conductor,  it  is  plain  that  both  the  jars  would  became 
Bimilarly  charged  with  vitreous  electricity.     On  sus- 
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pending  an  insulated  pith  hall  near  to  the  two  knobs,  Cldl 
it  would  be  attracted  by  either  until  it  had  received  a  ^^— ^ 
charge  of  free  ciectricity,  by  contact,  and  then  was  ] 
repelled  by  both  the  knobs  eijually.  But  if  of  the 
two  jars,  the  one  were  charged  by  its  knob,  that  is, 
with  vitreous  electricity  on  the  inside,  and  the  other 
were  charged  by  having  its  exterior  coating  in  contact 
with  the  conductor,  so  that  the  interior  would  be  re- 
sinously  electrified  ;  the  pith  hall  being  then  sus- 
pended between  the  two  knobs  vibrated  backward  and 
forward  from  one  knob  to  the  other  until  both  the 
jars  were  discharged. 

(119.)  Again,  if  the  interior  coating  were  made  to 
communicate  with  the  conductor,  and  the  exterior 
with  the  rubber  of  the  electrical  machine,  but  at  the 
same  time  having  no  communication  with  the  earth, 
by  any  conducting  body,  the  jar  became  fully  charged 
85  before. 

(120.)  It  has  already  been  remarked,  that  no 
charge  could  be  communicated  to  the  jar,  unless  the 
exterior  coating  communicated  with  the  earth  ;  and 
this,  together  with  the  last  experiment,  points  out 
some  important  change  to  be  performed  njjon  the 
exterior  of  the  jar,  while  the  interior  is  receiving  its 
charge.  The  oscillation  of  the  small  pith  ball  between 
the  knobs  of  tlie  two  o[ipositely  charged  ecpial  jars, 
having  produced  their  mutual  discharge,  suggested, 
that  in  charging  or  discharging  a  jar,  one  coating 
gained  as  much  electricity  of  the  one  kind,  a.^  the 
other  did  of  the  opposite  kind.  The  process  of  with- 
drawing the  electricity  from  a  charged  jar,  was  thus 
analyzed  by  Franklin.  Having  placed  the  jar  upon 
an  insulating  stand,  he  suspended  a  linen  conducting 
thread  near  to  the  exterior  coating.  By  repeatedly 
toucliing  the  knob,  which  comniuniealed  with  the 
interior,  he  was  enabled,  gradually,  to  discharge  the 
jar  J  and  in  so  doing,  he  found  that,  at  every  succes- 
sive contact,  a  portion  of  the  electricity  on  the  outside 
became  free,  and  the  linen  thread  sprang  to  the  exte- 
rior coating,  in  order  that  it  might  receive  and  remove. 
the  superfluous  fluid. 

(121.)  The  converse  of  this  proposition  applying  to 
the  case  of  a  coated  jar  or  disc  receiving  electricity, 
was  thus  elegantly  investigated  by  Professor  llichnum. 
Two  discs  of  tin -foil  were  applied  as  coating  to  the 
opposite  sides  of  a  plate  of  glass,  so  as  to  leave  a  clear 
interval  between  the  tin -foil  and  the  edge  of  the  pane. 
The  glass  was  then  placed  in  a  vertical  position,  and 
to  each  of  the  upper  and  opposite  edges  a  thread  was 
affixed,  so  that  the  two  might  hang  parallel  to  each 
other  on  opposite  sides  of  the  glass.  By  communi- 
cating a  charge  of  electricity  to  one  of  these  coatings^ 
the  adjoining  thread  wiis  repelled,  and  raised  itself  so 
as  to  form  a  certain  angle  with  the  surface  of  the 
glass,  and  at  the  same  time  an  equal  angle  was  formed 
by  the  other  thread  next  to  the  tin- foil  on  the  oppo- 
site side  of  the  pane, 

Fig.  73  represents  a  section  of  this  apparatus,  in 
which  the  strong  dark  lines  mark  the  coated  part  of 
the  plane.  If  any  conducting  body  were  brought  near 
to  one  side  of  the  plate,  the  thread  on  that  side  would 
sink,  and  form  a  less  angle  with  the  coated  surface  j 
but  the  thread  on  the  opposite  side  would  receive  i\n 
additional  elevation,  equal  in  quantity  to  that  which 
the  former  had  lost.  If  one  side  w^ere  touched  by  the 
finger,  the  thread  on  that  side  would  immediately  and 
entirely  collapse }  but  the  angle  of  elevation  of  the 
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other  thread  would  be  doubled.  Hence  it  is  evident 
that  the  angle  intercepted  between  the  two  threads,  is 
a  constant  quantity,  dependant  upon  the  charge,  com- 
municated to  the  phite  in  the  first  instance. 

(l^.)  To  return  again  to  the  reseiirchcs  of  Franklin, 
find   htm  endeavouring  to  ascertain  in  what  the 

5cacy  of  the  coating,  applied  to  a  jar,  consisted. 
ilTiat  function  does  it  perform  ?   Does  the  aceumulated 

ectricity  reside  in  the  coatings,  or  upon  the  glass  ? 

By  charging  ajar  and  placing  it  npon  an  insulu.ting 
rtand,  he  found,  that  after  the  lid  of  the  jar  and  the 
knobbed  wire  were  removed,  the  charge  still  reinaineil, 
md  that  by  connecting  the  interior  ami  exterior  coat- 
ings,  the  jar  was  discharged  as  usual.  In  the  next 
place,  having  charged  ajar,  of  which  the  inner  coat- 
ing consisted  solely  of  a  quantity  of  water,  he  poured 
out  the  water  into  a  clean  jar,  and  as  he  could  obtain 
no  shock  from  the  water  thus  removed,  he  concluded 
that  he  had  not  abstracted  the  electricity  from  the 
interior  of  the  jar.  He  then  filled  the  first  jar  again 
with  fresh  water,  and  proved  that  the  electricity  had 
remained  all  the  time  in  the  jar,  by  obtaining  from  it 
a  shock  as  usual.  Thus  was  he  led  to  the  true  ex- 
planation of  this  phenomenon,  which  may  also  be 
readily  obtained  by  any  one  from  the  following  expe- 
riment. 

(123,)  Eip,  LfCt  a  large  tumbler  glass,  fig.  74,  of  a 
conical  form,  have  an  exterior  and  interior  coating  of 
tin-foil,  fitted  nicely,  but  not  cemented  to  the  surfaces. 
Charge  this  jar  as  usual,  place  it  upon  a  glass  plate 
fnr  insulation,  and  holding  it  by  the  uncovered  part, 
lift  out  the  inner  coating  of  tin-foij,  and  then  raise  the 
glass  from  its  outer  coating  also*  By  touching  the 
outside  and  inside  of  the  glass  .simultaneously,  no 
perceptible  shock  will  be  obtained,  neither  is  there 
any  effect  produced  by  touching  either,  or  both  the 
coatings  j  but  let  these  coatings  be  again  carefully 
adjusted  to  their  places,  on  the  opposite  sides  of  the 
gla^,  and  a  shock  may  be  obtained  in  the  ordinary 
manner.  Hence  it  is  evident,  that  in  the  Leydcn  jar 
the  electricity  is  accumulated  upon  the  glass,  and  not 
In  the  coating  substances,  and  that  the  latter  are  only 
necessary  for  the  formation  of  a  complete  communi- 
cation between  every  point  on  the  exterior  with  every 
point  on  the  interior,  at  the  instant  of  the  discharge. 

(124.)  A  very  slight  degree  of  consideration  will 
show,  that  in  fact  the  coated  jars  and  coated  discs  are 
but  peculiar  forms  of  the  condenser,  which  we  have 
already  so  fiilly  described.  In  this  instrument  there 
are  two  metallic  surfaces,  separated  by  a  non-con- 
ducting body,  and  these  may  be  removed  to  variable 
distances  from  each  other,  in  which  respect  alone  the 
instrument  differs  from  a  coated  jar,  which  consists 
aJjo  of  two  metallic  surfaces,  with  an  interposed  non- 
conductor. If  similarly  employed,  the  effects  also  of 
the  apparatus  are  the  same  ;  for  if  we  communicate 
a  considerable  charge  of  electricity  to  the  upper  plate 
of  a  large  condenser,  while  the  lower  disc  has  a  free 
conironni cation  with  the  earth  j  and  then  having 
touched  the  lower  plate  with  the  fiugers,  and  apply 
the  thumb  to  the  upper  disc,  a  complete  discharge 
will  be  produced,  and  a  shock  will  be  obtained  simi- 
lar to  that  from  a  jar  having  a  coated  surface  of  equal 
extent* 

Perhaps  it  would  be  difficult  to  adduce  a  more 
fltriking  proof  of  the  similarity  or  identity  of  the  two 
cases,  than  that  which  is  afforded  by  the  discharge  of 


a  jar,  or  a  condenser  by  alternate  sparks  from  the  two    Cbtp.  V, 

coated  surfaces. 

(195.)  Exp,  Let  a  charged  jar  be  placed  upon  an 
insulating  stand,  and  a  condenser  also  be  fully  charged, 
by  allowing  the  lower  disc  to  communicate  freely 
with  the  earth,  and  after  the  charge  has  been  ob* 
taincd,  let  this  communication  be  destroyed,  so  that 
the  lower  plate  becomes  insulated  like  the  outer  coat- 
ing of  the  jar,  The  inner  coating  of  the  jar  and  the 
upper  disc  of  the  condenser,  are  then  similarly  elec- 
tritied  ;  as  also  the  outer  coating  of  the  jar  and  the 
lower  disc  of  the  condenser.  Upon  presenting  a 
linger  to  the  outer  coating  of  the  jar,  or  to  the  lower 
of  the  two  discs,  no  effect  will  be  produced  j  because 
all  their  electricity  is  rendered  latent  by  the  presence 
of  that  resident  upon  the  opposite  coated  surfaces. 
Next,  let  the  finger  be  presented  to  the  ball  com- 
municating with  the  inner  coating,  and  to  the  upper 
disc  of  the  condenser.  In  both  these  cases  a  small 
spark  will  be  obtained,  but  a  considerable  portion  of 
the  electric  charge  will  remain,  being  rendered  latent 
by  the  electricity  of  the  opposed  surfaces.  Again, 
approacli  the  outer  coating,  and  the  lower  disc,  and 
from  each  a  feeble  spark  may  now  be  obtained.  By 
these  alternate  contacts,  the  two  oppositely  charged 
surfaces,  both  of  the  jar  and  the  discs,  may  be  entirely 
discharged  j  because  at  each  repetition  of  the  process 
a  portion  of  electricity  is  set  free  by  the  removal  of 
the  small  excess  on  the  side  of  the  surface  touched. 

(1*26\)  Hence  it  is  very  evident  that  the  complete 
explanation  of  the  effects  produced  by  the  Ley  den 
Jar,  is  to  be  deduced  from  the  principles  of  electrical 
induction  ;  because  it  is  the  p<iwer  of  accumulating 
the  opposite  electricity  upon  the  exterior  of  the  jiur 
which  allo^vs  of  the  successive  accumulation  of  that 
on  the  inside,  by  their  two  opposite  powers  of  render- 
ing each  other  latent  as  they  arrive  at  the  positions 
occupied  by  each  respectively. 

Let  us,  however,  proceed  to  a  more  minute  analysis 
of  these  effects,  by  which  the  action  of  the  Ley  den 
jar  will,  it  is  hoped,  receive  a  very  satisfactory  expla- 
nation. 

Place  an  uncharged  jar  upon  an  insulating  stand, 
(fig.  7*'>i)  and  let  its  exterior  surface  communicate 
with  the  pith -ball  electroscope  already  so  frequently 
referred  to.  Impart  two  or  three  sjiarks  to  the 
brass  ball  of  the  jar,  and  immediately  the  pith  balb 
will  diverge  with  vitreous  electricity,  Tlie  exterior 
coating  of  the  jar  has,  therefore,  suffered  the  decom- 
position of  its  natural  electricity, 

Wliile  things  arc  in  this  state,  touch  the  electro- 
scope, and  the  wires  will  again  fall  into  their  natural 
vertical  position.  By  this  contact  the  escape  of  the 
vitreous  electricity,  which  caused  their  divergence, 
has  been  facilitated  j  and  it  has  become  impossible 
to  remove  from  the  interior  surface  all  the  vitreous 
electricity  which  has  been  communicated  to  it.  A 
part  has  become  latent,  and  this  can  only  have  been 
effected  by  the  inHuence  of  a  resinous  electricity.  Iti 
fact,  if  we  now  touch  the  ball  for  the  purpose  of  re- 
moving the  portion  of  vitreous  electricity  which 
remains  free,  the  electroscope,  communicating  with 
the  exterior  surface,  will  again  diverge,  but  with 
resinous  electricity. 

The  same  arrangement  of  our  apparatus  being  re- 
tained, we  charge  the  prime  conductor  of  a  machine 
with  a  certain  tpiantity  of  electricity,  and  then  form  a 
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Prflcticjil  coHimunicatioTi  witli  the  ball  of  the  insulated  jar, 
Ek'ctrkity.  After  the  free  electricity  has  become  ilistribiited  be- 
tween the  conductor  and  the  interior  of  the  jar,  the 
electroscope,  communicating  with  the  exterior,  will 
diverge  as  before  with  vitreous  electricity.  If  by 
touching  the  electroscope,  we  rdlow  this  electricity 
to  escape,  the  repulsive  force  which  k  exerted  upon 
that  on  the  interior  of  the  bottle,  ceases  to  exist,  aod 
the  ball  again  placed  in  coninnmieation  with  the 
conductor  of  the  machine,  will  show  itself  capable 
of  receiving  an  additional  charge  of  electricity.  The 
electroscope  mil  then  again  begin  to  diverge^and  always 
with  vitreous  electricity.  If  a  passage  be  offered  for 
the  escape  of  this  electricity,  the  ball  becomes  again 
capable  of  receiving  a  further  (juantity  of  electricity 
from  the  condyctor.  The  electroscope  again  di- 
verges, and  so  on  in  succession.  This  phenomenon 
is  repeated  conlinuidly,,  in  the  same  manner,  until  the 
portion  of  vitreous  electricity^  which  remains  in  ti 
state  of  freedom  upon  the  interior  surface,  shall  have 
arrived  at  such  a  degree  of  aceumidation,  as  to  hinder, 
by  its  repulsive  force,  the  introduetion  of  any  addi- 
tional quantity  of  electricity  of  the  same  iiattire, 
arriving  from  the  surface  of  the  conductor.  The 
»ar  has  then  become  fully  charged,  and  its  discharge 
may  be  effected  by  any  of  the  ordinary  processes  for 
that  purpose* 

(1*27)  A  very  cursory  inspection  of  these  princi- 
ples, will  prove  to  us  that  a  given  quantity  of  elec- 
tricity to  be  abstracted  from  the  prime  conductor  of 
a  machine,  may  be  employed  for  the  charging  of  two 
or  more  jars,  almost  as  powerfully  us  if  the  whole 
were  communicated  to  one  only.  For  this  purpose, 
let  the  jars  be  placed  consecutively  as  represented  in 
fig.  7€,  A  chain  or  wire  serves  to  convey  the  elec- 
tricity from  the  prime  conductor  to  the  ball  of  the 
first  jar.  The  ball  of  the  second  jar  is  similarly  con- 
ncctcd  with  the  coating  of  the  first »  and  another  chain 
forms  a  communication  between  the  coating  of  the 
second  jar  and  the  earth. 

Upon  the  afflux  of  electricity  to  the  ball  and  in- 
terior coating  of  the  first  jar,  the  natural  electricity 
of  the  exterior  coating  undergoes  decomposition  , 
the  resinous  part  is  rendered  latent  by  tlie  influence  of 
the  vitreous  electricity  within  the  jar,  and  the  vitreous 
part  is  repelled  to  the  interior  of  the  second  jar,  where 
it  performs  the  same  olhee  as  the  similar  electricity 
did  when  primarily  communicated  to  the  first  jar. 
The  vitreous  fiuid  developed  at  the  exterior  of  the 
second  jar  is  repelled  to  the  earth,  and  any  required 
portion  of  resinous  fiuid  is  conveyed  to  the  exterior 
coating  of  the  same  jar,  in  order  by  its  influence  to 
render  latent  the  vitreous  electricity  which  arrives  at 
the  interior  of  the  jar.  I^et  all  the  connections  now 
be  interrupted,  and  the  two  jars  will  have  received 
their  full  charge,  and  it  is  evident  that  whatever  upon 
these  principles  of  cxpl  una  lion  can  be  proved  true  of 
two  jars,  may  be  extended  to  any  number  of  jars 
arranged  consecutively,  and  properly  connected  for 
the  purpose, 

(1^8.)  Hitherto  we  have  spoken  of  the  Leyden  jar 
in  its  most  simple  form,  but  it  may  be  desirable  now 
to  describe  the  best  construction  at  present  known 
for  this  important  instrument  of  electrical  research, 
A  B,  fig.  77  is  a  glass  jar,  having  a  mouth  sufiiciently 
wide  for  the  convenient  application  of  the  tin-foil  to 
the  interior  surface.     C  is  a  hollow  brass  cap^   ce- 


mented into  a  glass  tube,  which  reaches  to  the  bottom  €hi 
of  the  jar,  and  is  fastened  into  the  wooden  disc  that  v^-p-J 
closes  its  mouth.  This  wooden  disc  or  plate  should 
be  well  dried  by  baking,  varnished  on  both  sides,  aad 
cemented  into  the  jar.  D  is  the  knob  of  a  small  brosa 
wire,  which  forms  the  communication  between  tile 
cap  C  and  the  inner  coating  of  the  jar.  This  wire, 
passing  loosely  through  a  small  hole  in  the  cap  C, 
maj'  be  removed  at  pleasure,  for  the  purpose  of  cutting 
off  all  communication  between  the  cap  and  the  interior 
coating.  In  conseqiieuce  of  this  wire  not  reaching 
tpiite  to  the  bottom  of  the  jar,  the  loner  part  of  the 
tube  is  provided  with  a  coating  of  tin-foil,  which  joins 
to  the  inner  coating  of  the  vessel.  Enough  has  already 
been  said  of  the  layer  of  tin-foil  which  is  to  be  pasted 
on  the  outside,  to  correspond  with  the  foil  within  ; 
and  neither  ought  to  extend  too  near  lo  the  top  of  the 
jar*  It  is  also  an  improvt?ment  to  spread  a  delicate 
fihii  of  some  resinous  varnish,  both  on  the  inside  and 
on  the  ontside,  over  those  parts  of  the  glass  which 
are  not  occupied  by  the  foih  At  the  bottom  of  the 
jar  there  is  a  hook  affixed,  to  which  a  chain  may  be 
conveniently  suspendeil,  for  the  purpose  of  commu- 
nication with  the  earth,  or  any  apjjrofiriate  conductor. 

It  is  obvious,  that  when  a  jar  of  this  construction 
has  received  its  charge  of  electricity,  the  wire  may  be 
carefully  withdrawn,  or  suffered  to  fall  out  by  re- 
versing the  jar;  and  that  then  no  ilischarge  can  pos* 
sibly  take  place  until  the  wire  be  restored  ;  neither  is 
there  any  loss  of  electricity,  even  if  the  jar  be  carried 
in  the  pocket. 

(1^9-)  In  the  construction  of  the  Leyden  jar,  tl>e  Tliid 
thickness  of  the  glass  is  an  important  consideration  j  ^^  g^ 
for  as  it  has  been  proved  tluit  the  power  of  a  ecu  mo* 
lation,  by  which  the  eliarge  is  obtained,  depends  upon 
the  mutual  attraction  of  the  molecides  of  two  fluids, 
according  to  a  force  varying  with  the  inverse  sqati^ 
of  the  distance  ;  it  Is  evident  that  the  intensity  ^ 
charge  which  may  be  communicated  to  any  cotfted 
non-conductor  of  given  superficial  extent,  will  increase  ' 
rapidly  as  the  thickness  of  the  non-conducting  bcHly 
decreases  ;  and  hence  the  thinner  the  glasSj  the  greater 
will  be  the  charge.  Such,  at  leasts  will  he  the  cose, 
provided  this  law  tmdergoes  no  modification  in  conse- 
quence of  the  attractive  and  reptdsive  forces  bem^ 
exerted  through  a  non-conducting  body,  instead  of 
through  the  lur  or  free  space.  On  this  subject  there 
is  little  of  conclusive  experiment  to  guide  out  deter- 
minations :  some  researches  of  ^Ir.  Cavendish  letl 
him  to  conclude  that  the  charges  which  might  be 
imparted  to  jars  of  given  3Uf>eHiei(d  extent,  varied 
inversely  as  the  thickness  of  the  glass. 

In  practice,  however,  it  is  fountl  impossible  to 
diminish  the  substance  of  the  non-conducting  bo«ly 
interposed  between  two  oppositely  charged  surfaces, 
beyond  a  certain  extent.  Thus,  at  some  degree  of 
intensity,  a  spark  will  force  a  passage  through  the 
plate  of  air  between  the  two  discs  of  the  condenser. 
At  some  point  of  accumulation  upon  the  opposite 
surfaces  of  a  charged  jar,  although  the  electricities, 
being  latent,  have  no  action  u])on  other  bodies,  yet 
they  tend  towards  each  other  wnth  such  violence  &3  to 
force  a  passage  through  the  substance  of  the  glass. 
To  obviate  this  danger,  a  sufficient  thickncsp  must  be 
allowed  for  the  jars  employed  in  experiments  of  this 
nature,  and  it  is  found  that  the  common  glass  jnrs,  to 
be  purchased  at  the  glass-hottscSj  are  as  thin  as  can  with 
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safety  be  mttle  use  of,  Mr.  Brooke  has  suggested, 
tint  A  Iciyer  of  ptjper  should  be  placed  between  the 
^«si  and  the  lia-foilj  and  he  states,  from  his  own 
experiments,  that  jars,  so  constructed,  were  able  to 
contain  electricai  charges  of  great  intensity,  much 
Ik  I  those  which  had  not  been  so  prepared* 

I  ^  to  the  more  uniform  thickness  of  glass  bal- 
locma,  ttic  late  Professor  Robinson  preferred  them  for 
the  con^tniction  of  electrical  jars.  A  coated  flask 
of  th»  kiud  is  represented  by  fig.  78. 
)^tmt'  A  '^nr  excellent  jar  is  mentioned  by  some  authors 
pm.  m  hAring  been  constructeti  by  the  same  able  elec- 
triciafi^  in  the  following  manner :  A  long-necked 
phial  was  made  of  sheet-tin,  and  then  coated  intirely 
ao  the  outside  with  sealing-wax  -,Vths  of  an  inch 
thick,  llie  sealing-wax  was  then  coated  with  tin-foil^ 
nil  but  the  neck  ;  the  tin  plate  corres|>onded  with  the 
ittiier  coating  and  wire,  and  the  tin- foil  with  the  outer 
toa^ng,  while  the  wax  acted  the  part  of  the  glass  in 
m  common  jar. 

(ISa)  An  ingenious  little  instrument,  called  Ca- 
vaUo*$  self-charging  jar,  is  thus  constructed.  Take 
a^bss  tube  eighteen  inches  long,  and  an  inch  and  an 
hUf  in  diameter.  Coat  one-haff  with  tin-foil  on  the 
imtde,  and  close  the  orifice  of  the  coated  end  with  a 
cork  through  which  a  wire  pfisses,  touching  the  inner 
coating,  and  terminating  in  a  ball  on  the  outside.  By 
holding  the  uncoated  part  in  one  hand,  and  rubbing 
the  outside  of  the  coated  part  with  the  other  hand, 
tOQchiag  at  intervals  the  knt^b  with  the  nibbing  hand, 
the  inside  coating  gradually  receives  a  charge.  If 
DOW  the  outside  of  the  coated  part  be  held  in  one 
k»Mi,  and  the  ball  be  touched  with  the  other  hand,  a 
shock  will  be  ol>tained, 

(131.)  It  will  now  be  evident  to  our  readers,  that  a 
plate  of  glass j  or  any  non-conductor  may  be  coated 
m  a  manner  similar  to  the  jar,  and  that  its  efifects  will 
be  the  same.  Dr.  Be  vis  appears  first  to  have  pr«' 
posed  Ibis  change,  and  Dr.  Franklin  made  considerable 
Hie  of  coated  plates  in  his  experiments  ;  bnt  at  pre- 
sent the  jar  is  the  form  under  which  the  instrument 
i»  alokosl  universally  employed.  Beccaria  constructed 
a  plate  consisting  of  a  resinous  mixture,  containing 
equal  quantities  of  pure  coloplmny  and  pulverized 
marble.  By  spreading  this  to  about  the  thickness  of 
GHe^tenth  of  an  inch  with  a  hot  iron  j  and  then  coat- 
ing the  surfaces  with  tin-foil,  he  considered  that  be 
kailobtained  an  instrument  capable  of  a  greater  charge 
than  a  glass  plate  of  equal  extent ;  with  the  advantage 
of  being  much  less  endangered  by  the  effects  of  a 
i^iontaneous  discharge. 

A  plate  of  mica  has  also  been  employed  for  the  for- 
mation of  a  coated  pane,  as  its  strength  enables  it  to 
rciist  an  electrical  charge  of  considerable  intensity. 

Jlie  ekcirkal  batter  if. 
(13^.)  Gralath,  who  published  a  work  on  elec- 
tricity in  1747j  first  proposed  to  combine  together  the 
effects  of  several  jars,  so  as  to  construct  what  is  now 
Tcry  appropriately  termed  an  electrical  battery. 
Fig,  79  is  a  representation  of  this  piece  of  apparatus, 
b  which  every  essential  part  is  so  clearly  expressed 
by  the  plate,  as  to  require  scarcely  any  specific  de- 
scHption.  The  interior  of  the  wooden  box,  in  which 
the  jars  are  arranged,  or  at  least  the  bottom  upon 
which  they  are  placed,  is  coated  with  tin-foil,  lor  the 
purpose  of  ensuring  a  direct  communication  between 
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all  their  exterior  surfaces  ;  and  from  this  conducting  CbafK  V. 
substance,  a  chain  or  wire  communicates  with  a  ring  ^ 
seen  at  the  front  of  the  case^  by  wliich,  in  charging 
the  battery,  a  connection  is  formed  with  the  earth, 
and  which,  of  course,  must  be  also  employed  for 
completing  the  circuit,  bctwten  the  exterior  and  in- 
terior coating,  in  order  to  effect  a  discharge. 

The  rods  which  are  seen  passing  tli rough  the  balls 
at  the  top  of  each  jar,  are  of  brass,  and  serve  to  con- 
nect all  the  interior  surtaces  together  j  but  it  is  con- 
venient to  have  all  the  transverse  rods  passing  in  one 
direction,  only  laid  loosely  across  the  rods  passing  in 
the  other  direction  |  by  which  means  we  are  enabled 
to  charge  only  one  or  more  of  the  rows  of  jars,  as 
may  best  suit  our  experiments.  This  is  exfjlained  by 
fig,  80,  which  represents  a  horizontal  view  of  twelve 
balls,  with  three  fixed  longitudinal  rods,  and  two 
shorter  transverse  ones  laid  across,  so  as  only  to 
employ  eight  of  the  twelve  jars  contained  in  this 
battery. 

In  charging  an  electrical  battery*  we  have  only,  as 
in  the  case  of  a  jar,  to  form  a  connection  between  the 
rods  which  communicate  with  the  interior  surfaces, 
and  the  prime  conductor  of  a  machine  in  action  j  at 
the  same  time  allowing  the  exterior  surtaces  to  com* 
raunicate  with  the  earth,  by  memis  of  the  ring  before 
mentioned  j  and  it  may,  in  general  terms,  be  asserted 
that  the  quantity  of  electricity,  of  given  intensity, 
contained  by  different  batteries,  varies  directly  as  the 
extent  of  coated  surface.  The  degree  of  intensity  to 
which  any  given  extent  of  coated  surface  may  be  charged 
by  the  successive  accumulation  of  electricity,  as  we 
have  before  seen,  will  vary  according  to  some  inverse 
ratio  of  the  thickness  of  the  glass,  of  which  the  jars 
are  made,  and  of  course  the  thinner  tlie  glass  the 
greater  would  be  the  charge  of  which  the  battery  is 
capable  ;  but  in  practice,  it  is  found  that  the  jars 
cannot,  with  safety,  be  made  thinner  than  they  are 
usually  obtained  at  the  glass-house  for  other  purposes. 

(133.)  If  it  be  required  to  charge  a  large  battery 
from  the  action  of  a  small  machine,  we  may  resort  to 
an  artifice  founded  upon  the  experiment  described  in 
art.  127.  In  fig.  Bl,  four  jars  are  arranged,  without 
the  frame  or  case,  for  greater  clearness  in  illustration  y 
and  it  is  essential  that  each  jar  or  section  of  the  bat- 
tery to  be  charged  by  this  method,  should  occupy  a 
separate  insulating  stand.  A,  E,  C,  D^  are  the  balls 
communicating  with  the  interior  surfaces,  A  wire  is 
passed  from  the  coating  of  the  first  jar  to  the  knob 
of  the  second  ^  another  wire  from  the  coating  of  the 
second  to  the  ball  of  the  third,  and  so  on  j  while  the 
exterior  coating  of  the  liisl  jar  is  allowed  to  commu- 
nicate freely  with  the  earth.  Suppose  vitreous  elec-» 
tricity  be  conveyed  from  the  prime  conductor  of  the 
machine  to  the  first  ball  A,  the  whole  of  the  resinous 
electricity  that  can  be  furnished  by  de  com  position 
from  the  exterior  coating  of  the  jar  A,  is  put  in  re- 
quisition to  render  latent  the  vitreous  electricity  at 
the  interior  of  the  same  jar  j  while  the  vitreous  elec* 
tricity  resulting  from  this  decomposition  is  repelled 
to  the  jar  B,  which  thus  becomes  charged,  and  a 
similar  series  of  effects  is  transferred  in  succession 
from  one  jar  t«  another,  so  that  ail  become  charged. 
The  interior  surfaces  of  all  the  jars  have  accumulated 
vitreous,  and  the  exterior  surfaces  resinous  electricity, 
A  moderate  degree  of  caution  in  preserving  the  insu- 
lation^ will  enable  us  to  derange  all  the  former  system 
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Practical  of  contacts,  and  to  pasa  a  wire  through  all  the  balls. 
Electricity,  ^nd  another  to  alt  the  exterior  coatings,  so  that  at 
last  we  are  in  possession  of  a  battery  of  four  jars 
charged  from  the  same  quantity  of  electricity,  which 
might  have  been  employed  in  the  charging  of  one 
jar  alone. 

(134.)  The  increased  eflFcct,  as  to  its  capability  of 
receiving  a  charge,  which  is  produced  in  a  jar  by  a 
slight  degree  of  moisture  upon  the  surface,  waa  acci- 
dentally noticed  by  Mr,  Brooke,  and  an  analogous  phe- 
nomenon was  remarked  by  Mr,  Cuthbertson  in  17^*^* 
He  found  that  a  recently  coated  jar,  which  hud  not 
become  perfectly  dry»  received  a  greater  charge  than 
could  afterwards  be  communicated  to  it,  when  it  had 
been  deprived  of  all  moisture.  He  then  took  a  dry 
jar^  and  having  breathed  into  it,  he  found  that  the 
power  it  had  then  acquired,  when  compared  with  that 
which  it  before  possessed,  bore  the  increased  riitio  of 
twelve  to  five.  Resuming  this  subject  in  179^^,  he 
found  that  on  a  dry  day  in  March,  a  battery  of  fifteen 
jars,  containing  seventeen  square  feet  of  coated  sur- 
face, would  ignite  eighteen  inches  of  wire,  but  by 
breathing  into  each  jar  through  a  glass  tube,  the  bat- 
tery acquired  a  power  of  receiving  a  charge  which 
would  ignite  sixty  inches  of  the  same  wire.  This  is 
certainly  a  verj^  slitgular  circumstance,  aiul  one  which 
it  is  important  for  the  practical  electrician  to  bear  in 
mind. 

( 135*)  There  is  one  phenomenon  connected  with 
the  communication  of  an  electrical  charge  to  u  jar  or 
battery,  which  may  fairly  claim  our  attention  in  this 
part  of  our  treatise. 

It  was^  \vc  believe,  first  remarked  by  Mr.  Henley, 
that  when  a  jar  is  discharged  by  means  of  a  bent 
metallic  wire,  not  having  a  glass  insulating  handle, 
some  degree  of  shock  is  experienced  by  the  hand 
which  grasps  the  wire,  especially  if  the  quantity  of 
electricity  to  he  discharged  be  considerable.  Also,  if  one 
end  of  a  chain  be  placed  in  contact  with  the  exterior 
coating  of  a  charged  jar,  and  the  remaining  part  of  the 
chain  be  loosely  laid  upon  a  table,  it  is  founds  that  on 
the  discharge  of  the  jar,  in  a  darkened  room,  the 
chain,  though  it  forms  no  part  of  the  circuit,  becomes 
lurnitious  by  the  passage  of  sparks  from  one  link  to 
another,  and  therefore  has,  in  some  manner  or  other, 
been  affected  by  the  discharge.  The  same  cfFect  may 
be  produced  wiien  the  chain  is  not  quite  in  contact 
with  the  exterior  coating  of  the  jar,  in  which  case  a 
spark  also  passes  frotn  the  jar  to  the  chain  whenever 
the  general  discharge  takes  place. 

This  phenomenon,  which  is  known  by  the  name  of  the 
lateral  explosmn,  is,  however,  better  illustrated  by  the 
following  experiment  of  Dr.  Priestley.  **  When  a  jar 
is  charged,  and  stands  upon  the  tabic  as  usual,  insu- 
late a  thick  metallic  rod,  and  place  it  so  that  one  of 
its  ends  may  be  contiguous  to  the  outride  coating  of 
the  jar,  and  within  about  half  an  inch  of  its  other  end, 
place  a  body  of  about  six  or  seven  feet  in  lengthy  and  a 
few  inches  in  breadth  j  then  put  a  chain  tqjon  the 
table,  so  that  one  of  its  ends  may  be  about  one  inch 
and  an  half  distant  from  the  coaling  of  the  jar.  To 
the  other  end  of  the  chain  apply  one  knob  of  the 
discharging  rod,  and  bring  the  other  knob  to  the  wire 
of  the  jar,  in  order  to  make  the  explosion*  On  making 
the  discharge  in  this  manner,  a  strong  spark  will  be 
seen  between  the  insulated  rod,  which  communicates 
with  the  coating  of  the  jar,  and  the  body  near  its 


extremity,  which  spark  does  not  alter  the  state  of 
that  boily  in  respect  to  electricity ;  hence  it  is  ima-  ' 
gined,  that  this  lateral  spark  flies  from  the  coating  of 
the  jar,  and  returns  to  it  at  the  Siirae  instant,  allow ing 
no  perceptible  space  of  time,  in  which  an  electrometer 
can  he  affected.  Whether  this  lateral  explosion  is 
received  on  liat  and  smooth  sui  faces,  or  upon  sharp 
points,  the  spark  is  always  equally  long  and  vivid," 
Cavallo's  EietirkUif,  vol.  i.  p.  283, 

Now  in  all  these  experimenis,  we  think  that  we 
may  agiiin  recognise  tlic  eB'ects  of  electncal  induc- 
tion ',  and  that  from  this  principle  we  shall  be  able  to 
deduce  a  more  satisfactory  explanation  of  the  pheno- 
menon, than  that  proposed  by  Mr,  Cavallo,  I^^t  us 
consider  the  last  mentioned  as  the  most  clear  case,  and, 
as  it  is  evident,  that  the  laws  which  are  applicable  to 
the  one,  may  also  be  brought  to  bear  upon  all  the 
other  cases  recorded,  the  insulated  metallic  rod  be- 
ing in  contact  with  the  exterior  coaling  of  the  jar, 
will  be  affected  by  the  charge  which  that  coating  re-  ; 
ceives.  Suppose  the  jar  to  receive  internally  a  charge 
of  vitreous  electricity,  the  exterior  coating  will  be- 
come resinously  electrified,  and  the  rod  will  cither 
partake  of  this  resinous  state  throughout,  or  will  be- 
come vitreously  electrified  at  that  extremity  which  is. 
farthest  from  the  jar  and  nearest  to  the  long  insulated 
body.  In  whichever  way  the  rod  becomes  electrified, 
as  it  has  no  connection  with  the  other  body,  and  yet 
is  very  near  to  it,  the  effects  of  induction  must  take 
place.  The  natural  electricity  of  the  long  insulated 
body  will  be  dccomjjosed,  one  of  its  elementary  prin- 
ciples will  be  attracted  towards  the  end  which  is 
presented  to  the  rod,  and  there  rendered  latent,  and 
therefore  protected  from  dissipation.  The  opposite 
fclcctricity  will  be  rejiellcd  to  the  other  end  of  the 
insulated  body,  and  from  the  very  form  of  the  con- 
ductor upon  which  it  resides,  it  is  in  the  most  fa- 
vourable circumstances  for  being  dispersed  into  the 
surrounding  atmosphere.  Let  us  now  suppose,  that 
after  a  short  time  the  jar  is  discharged,  its  exterior 
coating,  and  the  rod  connected  with  it,  will  imme- 
diately return  to  their  natural  state  j  ihc  electricity 
which  had  been  collected,  and  rendered  latent  at  the 
nearest  extremity  tjf  the  long  conductor,  will  be  again 
set  at  liberty,  and  in  dispersing  itself  over  the  body 
upon  wlilch  it  resides,  it  again  unites  with  the  oppo- 
site electricity,  which  had  been  repelled  lo  its  most 
distant  extremity.  But  some  ]Kjrtion  of  this  electricity 
has  been  dissijiated,  and  therefore  the  two  principles 
will  not  be  found  in  their  just  qnantity  required  for 
mutual  saturation  j  that  electricity  wliich  had  been 
latent  will  be  found  in  excess 5  and  the  conductor  is, 
in  fact,  possessed  of  a  charge  of  free  electricity.  The 
electrical  charge  will,  upon  the  principles  of  arrange- 
ment already  explained,  assume  a  state  of  great  com- 
parative intensity  at  the  two  ends  of  the  conductor^ 
and  as  one  of  these  ends  is  near  to  the  rod  which 
touches  the  exterior  coating  of  the  jar,  which  com- 
municates with  the  earth,  a  spark  must  pass  between 
the  bodies  to  enable  the  conductor  to  return  to  its 
natural  state, 

All  those  circumstances,  so  minutely  specified  by 
Priestley  as  tending  to  the  success  of  the  experiment, 
seem  to  confirm  our  explanation  of  the  phenomenon, 
that  the  conductor  should  be  very  long  and  very 
slender.  The  better,  therefore,  we  say  for  the  sepa- 
ratioa  of  the  two  electricities,  and  the  dispersioa  of 
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one  of  them,  that  the  long  conductor  sKoiild  not 
•approach  near  to  the  exterior  coating  of  the  jar,  but 
'ihouid  he  acted  upon  through  the  intervcntioti  of  a 
sort  of  thin  conductor  projecting^  from  the  jar.  Be- 
eail^»  to  us  it  appears  that  the  fonti  of  this  inter- 
mediate conductor,  is  most  proper  for  affecting  the 
ionger  one,  and  because  the  charge  of  electricity, 
tmmediately  upon  the  outer  coating  of  the  jar,  would 
not  act  so  strongly  upon  the  long  conductor,  from 
being;  rendered  latent  by  the  presence  of  the  vitreous 
electricity  within  the  jar.  At  the  same  time,  the  tin- 
electrified  state  in  which  the  long  bar  is  found,  after 
the  passage  of  the  spark  wliich  was  quite  inexplicable 
before,  seems  a  necessary  consequence,  resulting 
fn»m  those  principles  upon  which  our  explanaiion  has 
been  founded, 

At  the  same  time  it  may  be  just  to  state  that,  to  the 
best  of  our  recoUectioOj  the  lateral  explosion  has 
been  explained  in  a  different  manner,  and  supposed  to 
depend  upon  the  interruption  of  the  circuit  through 
which  the  discharge  takes  place.  Thus,  Mr,  Cavallo 
ftates,  **  the  cause  of  this  phenomenon  to  be  the  in- 
terruption of  the  circuit  made  by  introducing  bad 
conductors  into  it  j  for  as  this  interruption  is  greater 
or  less,  so  the  lateral  explosion  is  more  or  less  con- 
siderable/' Even  upon  our  view  of  the  matter,  this 
luiperfect  or  interrupted  circuit  may  not  be  without 
its  effect  5  but  we  feci  convinced  thut  a  few  judicious 
e\penments,  made  with  a  thorough  understanding  of 
the  principles  and  peculiarities  of  induced  electricity, 
would  remove  all  the  difficulty  with  which  this  phe- 
oomenon  is  at  present  encumbered. 
f  (136.)  In  communicating  an  electrical  charge  to  a 
jftT  or  battery,  we  liave  shown  that  the  two  electri- 
cities, di-stributed  at  its  ojipo site  coated  surfaces,  are 
rendered  latent  by  the  effects  of  their  mutual  attrac- 
tion, so  that  the  jar  may  he  highly  chargetl,  and  yet, 
having  no  free  electricity,  neither  coating  may 
luce  any  effect  upon  the  gold -leaf  electrometer, 
and  hence  the  quadrant  electrometer  of  Henley,  de- 
lifuding  upon  the  same  principle,  gives  no  just  indi- 
cation of  the  extent  to  which  a  battery  is  charged. 
But  although  the  two  electricities  thus  circum- 
tjccd,  have  no  effect  upon  other  bodies,  every 
alecule  present  upon  each  of  the  surfaces,  exerts  its 
attractive  force  upon  all  the  molecules  of  the 
ihor  rtuid  upon  the  opposed  surtace  ;  and  also,  its 
sive  force  upon  all  the  molecules  of  its  own 
i  of  fluid  of  which  it  forms  a  part.  Hence  we 
may  arrive  at  a  knowledge  of  tlie  limit,  beyond  which 
any  given  extent  of  surface  cannot  be  charged,  Sup- 
pose a  current  of  electricity  from  the  prime  conductor 
cif  a  machine,  to  be  deter  mi  Jied  toward  the  interior 
coating  of  a  jar ;  we  know  that  its  momentum  will 
^epend  upon  the  form  of  the  conductor,  and  the  (juan- 
Ity  communicated  to  it  by  the  machine  in  a  given 
'  ne  'j  and  therefore,  all  other  circumstances  being 
favourable,  we  conclude  that  the  fluid  will  continue 
io  accumulate  within  the  jar,  and  to  become  latent  by 
the  effect  of  the  opposite  electricity,  which  it  will 
hriog  to  the  exterior  coating,  until  the  repulsive  force 
of  Ibe  molecules  of  electricity  within  the  jar,  is  suf- 
ficiently great  to  counteract  the  momentum  of  the 
approaching  current  of  electricity  from  the  prime  con- 
ductor; when,  of  course,  no  further  accumulation 
can  take  place. 
At  this  period  the  prime  conductor  wUl^  by  its 
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points,  it  from  no  other  part,  dissipate  electricity  as  Chap.  V, 
fast  as  the  machine  can  supply  it*  Ajar  then,  during  ' 
the  process  of  charging,  and  as  soon  as  the  charge  has 
arrived  at  its  maximum,  will  have  some  portion  of 
free  electricity,  shared  between  its  interior  coating 
and  the  prime  conductor  of  the  machine.  The 
obstacles,  therefore,  to  our  obtaining  a  charge  of  in- 
definite magnitude  upon  a  given  extent  of  coated 
surface  are  these  The  imperfection  of  the  air  and 
glass,  as  barriers  to  the  progress  of  electricity,  and 
the  limited  decoju posing,  generating,  or  determining 
power  of  the  machine.  If  glass  were  a  perfect  non- 
conductor, and  had  perfect  strength  to  resist  the 
passage  of  the  muluaily  attractive  fluids,  however  ac- 
cumulated, we  then  must  have  a  plate  of  thickness 
indefinitely  small,  in  order  that  the  two  fluids  might 
be  precisely  equal  to  each  other  in  quantity  and  in- 
tensity. But  it  is  found  by  experiment,  that  if  the 
glass  of  a  jar  have  not  considerable  thickness,  the 
fluid  forces  a  passage  through,  and  the  glass  is 
fractured. 

Again,  if  the  air  were  a  perfect  non-conductor, 
(which  perhaps  in  a  pure  state  it  really  is,)  and  had 
at  the  simie  time  a  perfect  power  of  resistance,  so  that 
electricity  could  not  displace  it,  (which  property  it 
certainly  has  not,)  there  would  be  no  necessity  for  such 
considerable  spaces,  as  we  are  compelled  to  leave, 
between  the  extremities  of  the  two  coatings  of  ajar  ^ 
and  it  is  frequently  found,  that  if  we  attempt  to  charge 
a  jar  or  battery  beyond  a  certain  point,  the  electri- 
cities acquire  a  sufficient  intensity  of  attractive  force 
to  burst  their  way  through  the  air,  and  pass  friun  one 
coating  to  the  other,  so  that  a  spontaneous  discharge 
takes  place* 

An  electrical  charge,  which  the  air  at  some  given 
density  is  capable  of  retaining  in  its  place  upon  the 
two  coated  surfaces  of  a  jar,  will  escape,  if  that  den- 
sity be  sufficiently  diminished.  Of  this  mode  of  action 
w^e  obtain  an  elegant  illustration^  by  placing  a  charged 
jar  under  the  receiver  of  an  air  pump,  in  a  darkened 
room.  As  soon  asasufficient  degree  of  exhaustion 
is  produced  by  working  the  air  pump,  the  fluid  is 
seen  to  pass  over  the  edge  of  the  jar  in  a  luminous 
torrent,  from  the  vitreous  to  the  resinous  side  ;  and 
thus,  a  mutual  saturation  again  gradually  takes  place, 

(13^7.)  With  any  given  battery,  the  point  at  which 
dissipation  from  the  conductor  becomes  equal  to 
reception  from  the  cylinder  or  plate,  will  depend  upon 
the  activity  or  power  of  the  machine,  measured  by  the 
quantity  of  electricity  which  it  furnishes  in  a  given 
time.  And  if  the  producing  power  of  the  machine 
be  given,  we  may  consider  the  electrical  charge  of 
wliich  any  jar  or  battery  is  capable,  to  vary  in  the 
direct  ratio  of  the  superficial  extent  of  the  coated  part, 
and  in  some  inverse  ratio  of  the  thickness  of  the  glass  j 
yet  in  practice  it  is  found  iuipossible  to  judge  of  the 
intensity  of  the  charge  communicated  to  the  jars  or 
batteries,  other  than  by  the  effects  produced  upon 
their  discharge.  For  obtaining  an  estimate  of  Ihia 
species,  Mr.  Cuthbertson  proposed  to  mcasu»"e  the 
length  of  a  wire  of  some  given  ^  metal,  and  of  given 
diameter,  which  the  discharge  of  the  battery  is  capa- 
ble of  igniting.  This  is,  however,  evidently  a  method 
not  susceptible  of  great  delicacy  or  accuracy.  All 
those  electrometers,  described  in  chap,  ii,  \^hich  de- 
pend upon  the  repulsion  of  any  two  parts  of  the 
same  system  of  bodies  communicating  freely,  and 
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Charged  with  the  same  electricity,  are  inadequate  to 
our  purpose  •  because  tJiey  measure  only  the  repulsive 
eneri^y  of  the  free  elect rieity,  and  render  no  account 
of  that  which  has  becnnie  latent. 

(138.)  Before  wc  enter  upon  the  task  of  describing 
those  instruments  which  hnve  been  contrived  for  the 
purpose  of  meaHurine^  the  charges  of  jars  and  bat- 
teries, we  would  wish  to  introduce  to  our  readers, 
whom  we  are  bound  to  consider  as  inexperienced 
electricians,  an  instrument  of  perpetual  use  for  dm- 
charizing  jars  without  parttiking  of  the  shock,  which 
would  frequently  be  unpleasant,  and  even,  in  some 
cases,  attended  with  danger.  Fig,  82  represents  this 
instrument,  called  ^jointed  discharger.  AB  is  a  handle 
of  glw^s»  B  C,  B  D  are  brass  wires  terminated  by 
brass  balls  at  C  and  D.  At  B^  is  a  joint  which,  al- 
lowing a  freedom  of  motion  to  the  two  arms,  enables 
the  expcrimentahflt  to  place  the  two  balls  at  any  con- 
venient distance  frnm  each  other.  With  this  instru- 
ment it  is  easy  to  discharge  a  jar  or  battery,  by 
bringing  one  ball  in  contact  with  the  exterior,  and 
the  other  in  contact  with  some  part  of  the  interior 
tystem  of  arrangement  ;  while  the  glass  handle  forms 
a  protection  from  aO  the  etiecta  which  take  place  in 
the  restoration  of  electrical  erpiilibrium, 

(I:i9.)  The  greater  part  of  the  instruments  de- 
scribed in  our  second  chapter  for  indicating  and 
measuring  free  electricity,  depended,  primarily  for 
their  action,  upon  the  repulsive  forces  exerted  by 
molecules  of  the  same  electricity  up<Hi  each  other 
It  has,  however,  been  proved,  that  the  electric  fluids 
which  reside  upon  the  opposite  coated  surfaces  of  a 
charged  jar,  have  the  power  of  mutually  depriving 
each  other  of  this  repulsive  property,  which,  in  fact, 
accounts  for  their  a^uining  what  we  have  termed  the 
latent  state ;  and  hence  it  fnllows,  that  neither  the 
presence,  nor  the  quantity  of  an  electric  charge,  can 
be  ascertained  by  any  of  the  instruments  already 
enumerated.  But  altliough  the  mutual  repulsion  be- 
tween the  molecules  of  the  same  fluid  is  in  that  case 
destroyed,  or  veiled,  the  attractive  force  between  the 
respective  molecules  of  the  dissimilar  fluids  is  un- 
changed, and  appears  to  be  in  reality  the  probable 
cause  of  the  temporary  extinction  of  the  self-expan- 
sive property. 

That  the  repulsive  power  is  thus  destroyed,  is 
easily  proved  by  the  fact,  that  if  we  touch  either 
coating  of  the  jar,  the  other  coating  remaining  insu- 
lated., wc  are  unable  to  remove  the  electricity  which 
the  former  coating  may  he  in  contact  with.  That 
the  attractive  powers  of  the  dissimilar  fluids  are  not 
destroyed  J  is  manifest  from  the  fractures  of  the  jars 
which  sometimes  take  place  by  the  spontaneous  union 
of  the  two  electricities,  which  thus  force  for  them- 
selves a  passage  through  the  substance  of  the  glass. 

There  are,  however,  some  other  principles,  which 
have  been  resorted  to  for  obtaining  measures  of  the 
electrical  charge  accumulated  in  ajar  or  battery. 

(140.)  Of  these  we  propose  first  to  describe  Lanes 
discharging  electrometer.  Fig,  83  is  a  representation  of 
this  useful  instrument.  A  B  is  a  strong  bent  glass 
rod,  having  at  one  end  a  brass  cap  and  conical  point 
C,  by  which  it  fits  into  the  ball  of  a  jar,  or  into  a  hole 
in  the  prime  conductor  of  an  electrical  machine*  At 
the  other  end  of  the  glass  rod  is  a  ball  D,  perforated 
for  the  admission  of  a  brass  bar,  having  a  ball  at 
each  end^  and  so  constructed  as  to  slide  backwards 


and  forward?  through  the  ball  D,  If  the  instrument 
be  fixed  by  its  point  C  to  a  conductor,  or  to  a  jar* 
while  the  outer  ball  comumnicates  with  the  other 
side  of  the  jar,  no  discharge  can  take  place,  except 
between  the  body  to  which  C  is  aflixetl,  and  the  inner 
ball  of  the  discharger.  Hence,  by  sliding  the  bar 
along,  the  distance  which  the  shock  or  spurk  has  to 
traverse  may  he  regidated.  It  is  obvious  that  this 
instrument  attcmjUs  to  estimate  the  accuDmlated 
charge  of  a  jar  by  measuring  the  distance  in  air 
which  the  discharge  is  capable  of  traversing.  This 
will  be  subject  to  some  variation  from  the  changes 
to  which  the  atmosphere  is  subject  j  and  in  the  case 
of  sparks  at  leasts  other  changes  may  be  produced  by 
altering  the  form  of  the  balls,  or  the  conductor  to 
which  the  instrument  is  affixed. 

(Hi.)  Henley's  universal  discharger  is  an  instru- 
ment something  similar  in  its  principle,  but  is 
chiefly  employed  for  the  deflagration  of  metals  by 
electrical  discharges,  and  is  extremely  convenient  in 
many  gidvanie  experiments.  As  a  measure  it  is  little 
employ etl,  except  by  placing  different  lengths  of  wire 
between  its  forceps,  to  be  fused  or  ignited  by  the 
electrical  discharge.  A  and  B,  fig.  84,  are  glass 
pillars  cemented  into  a  wooden  stand*  At  the  top  of 
each  of  these  pillars  is  a  brass  cap,  so  jointed  as  to 
move  both  vertically  and  horizontally.  Through  a 
spring  tube  at  the  top  of  this  joint,  the  handle  D  or 
C  passes,  and  is  capable  of  being  moved  backwards 
or  forwards  by  sliding  it  through  the  spring  tube  E* 
These  handles  are  each  composed  of  a  strong  brass 
wire,  terminated  by  a  ballj  or  point,  or  pair  of  forceps; 
ttnd  have  at  the  other  extremity  a  solid  glass  rod,  to 
ser^'c  as  an  insulating  handle.  F  is  a  small  w^oodeu 
table,  having  a  slip  of  ivory  glued  longitudinally 
into  its  upper  surface,  and  capable  of  being  elevated 
or  depressed  by  means  of  a  screw  G.  In  using  this 
instrument,  the  two  sides  of  the  jar  or  battery  are 
connected  by  chains  or  wireSj  with  the  two  brass  caps 
at  the  tops  of  the  pillars.  The  substance  through 
which  the  discharge  is  to  be  passed,  is  placed  upoa 
the  stand  F,  or  in  any  other  way  between  the  balls  or 
forceps  i  and,  by  means  of  the  insulating  handles, 
the  distance  may  be  regulated  so  as  best  to  suit  the 
purpose  of  any  required  experiment. 

(14^*)  Several  different  kinds  of  electrometer 
have  been  invented  upon  the  principle  of  nieasviring 
the  intensity  of  the  electric  charge,  by  the  weight 
which  the  electrical  forces  might  be  able  to  over- 
come. The  best  of  these,  and  we  believe  the  only 
one  now  etu ployed,  is  Citlhltertsons  discharging  ekclro* 
meter.  In  flg.  85,  A  and  B  are  glass  insulating  rods, 
supported  by  a  wooden  frame.  At  the  summit  of  the 
rod  A  is  a  large  ball  C,  through  which  the  brass  rod 
D  C  passes,  having  a  ball  at  each  end*  This  rod  is 
capable  of  moving  in  a  vertical  circle,  being  delicately 
balanced  upon  knife-edges  within  the  ball  C  j  F  ia 
another  ball  supported  by  a  brass  wire  fixed  into  C. 
G  is  another  brass  ball  communicating  by  a  chain, 
with  one  side  of  the  jar  or  battery,  while  C  com- 
municates with  the  opposite  side  by  means  of  the 
chain  H.  K  is  a  small  slider  which  moves  along 
the  graduated  arm  C  E,  and  measures  the  weight  in 
grains,  which,  if  placed  at  E,  will  cause  the  arm  and 
ball  E  to  descend  to  G,  When  the  chain  H  com- 
municates with  one  side  of  ajar,  and  the  chain  from 
G  with  the  other  side^  it  is  obvious  that  no  discharge 
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c&Q  take  place  until  the  ball  £  sliall  descend  upon 
-the  ball  G  ;  and  therefore,  by  the  adjustmeiU  of  the 
^V*^  alider  K,  the  charge  may  be  compelled  to  continue 
to  increase,  until  the  force  exerted  shall  be  equal  to 
any  required  number  of  grains  upon  the  scale  of  the 
instrutneDt. 

As  far  as  experiments  have  hitherto  proceeded,  it 
would  appear  that  this  instrument  is  a  tolerably  ac- 
curate measure  of  the  intensity  of  electrical  charge 
ttpoa  two  coaled  surfaces  of  given  extent,  and  having 
a  non-conductor  of  given  thickness  interposed  between 
them.  The  following  results  are  cited  by  Mr.  Singer 
in  proof  of  this  supposition.    Two  inches  of  steel 


wire,  employed  for  making  the  hair  spring  of  a  watch, 
were  fused,  by  being  placed  in  the  circuit*  tjirough 
which  the  discharge  of  ajar  piisscd  with  the  beam  of 
Cuthbertson's  electrometer,  loaded  to  fifteen  grains. 
The  same  jar  was  eapiible  of  fusing  eight  inches  of 
the  same  wire,  with  the  charge  which  it  acquired  by 
loading  the  beam  with  thirty  grains.  If,  instead  of 
increasing  the  weight  beyond  hfteen  grains,  two  such 
jars  be  employed,  tlie  eight  inches  of  wire  are  fused  as 
in  the  last  case,  Heiice  it  would  iipj>ear,  that  it  is 
the  same  thing,  whether  the  intensity  of  the  elec- 
tricity be  doubledj  or  the  extent  of  the  coated  surface. 
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CHAPTER  VI. 


Effects  ofelectrkUy  upon  organic  andt7WTgank  maUer,  and  also  upon  the  other  i7nponderaUe  physical  agents. 


Sm  arranging  the  subordinate  divisions  of  this  chap- 
ter, considerable  difficulties  must  be  encountered, 
arifiicig  from  the  imperfection  of  onr  knowledge,  both 
of  Oftir  effective  agent,  and  of  the  subjects  upon  which 
we  tnppose  its  action  to  take  place.  We  are  freciuently 
unable  to  distinguish  accurately  between  cause  and 
effect.  If  we  pass  a  powerful  electrical  charge  through 
a  small  metallic  wire,  the  metal  may  be  heated  to 
redness,  or  whiteness,  or  may  he  fused,  or  even  vola- 
tiUzed*  Heat  then  is  produced  ;  but  from  whence  ? 
Did  it  exist  originally  in  the  uietal,  and  w^as  it  forced 
out  by  the  violent  mechanical  action  of  a  material 
(laid  passing  through  the  wire  ?  or  is  it  the  electric 
fluid,  again  appearing  under  some  new  modification  of 
furm  >  Arguments  might  be  found  in  favour  of  each 
of  these  views,  but  this  is  not  the  place  for  their  ap- 
jMttrance.  When  an  electrical  machine  is  in  powerful 
icticitij  there  is  a  peculiar  smell  something  similar  to 
that  which  is  produced  by  the  friction  of  two  pieces  of 
quartz  upon  each  other  j  hut  how  electricity  should 
thus  affect  our  sense  of  smelling,  we  are  unable  to  telL 
Amidst  difhculties  such  as  these,  which  meet  us  at 
every  step  we  take  in  physical  inquiry,  we  propose  to 
arrange  the  subjects  of  this  chapter  under  the  follow- 
ing sections. 

f  I.  Effects  of  electricity  upon  inorganic  matter, 
comprising  those  which  are  purely  mechanical. 

5  11*  Effects  of  electricity  upon  vegetable  life, 

t  IIL  Effects  of  electricity  u]>on  animal  life, 

\  IV\  Effects  of  electricity  in  the  production  of 
chemical  composition  and  decomposition. 

4  V,  Effects  of  electricity  in  the  developement  of 
light  from  phosphorescent  bodies. 

I  XL  Effects  of  electricity  in  the  evolution  of  heat. 

i  Yll,  Effects  of  electricity  upon  magnetic  bodies, 

( I*  EffeciM  of  electricity   upon  inorganic  matter^  mm- 
priMmg  those  which  are  purely  mechankaL 

(143.)  To  be  enabled  to  give  a  specific  account  of 
those  electrical  effects  which  are  purely  mechanical, 
we  ought  in  the  first  place  to  know  whether  electricity 
be  »  material  fluid  or  not ;  and  as  w^e  have  acknow- 
ledged our  inability  to  satisfy  the  inquirer  upon  this 


point,  wc  can  only  venture  to  class  together  a  few 
phenomena  which  seem  to  be  most  easily  explained 
upon  the  supposition  of  material  and  mechanical 
agency. 

The  power  of  an  electrical  discharge  to  heat  snb-  Lateral 
stances  of  considerable  conducting  power  in  its  pas-  ^'spansion 
sage  through  them  will  be  examined  hereafter;  but  **^  "^^^*^* 
it  would  seem  that  in  all  such  cases  there  is  either  a 
great  and  permanent  expansion,  or  which  perhaps 
amounts  to  the  same  thing,  a  separation  of  the  par- 
ticles of  the  body  through  which  the  discharge  takes 
place.  Thus>  it  was  observed  by  Dr.  Priestley  that  a 
chain  through  which  anelectrical  discharge  had  passed^ 
had  suffered  a  diminution  in  its  length.  Upon  a  more 
accurate  trial,  he  found  that  a  chain  twenty-eight 
inches  long,  lost  a  quarter  of  an  inch  of  its  length  by 
the  passage  of  a  charge  through  it  from  G-i  square 
feet  of  coated  surface.  Mr.  Nairne  passed  the  charge 
from  26  square  feet  of  coated  surface  repeatedly  through 
a  piece  of  hard  drawn  iron  wire  10  inches  long  and 
T^th  of  an  inch  in  diameter.  The  wire  was  examined 
after  the  sixth,  ninth,  and  fifteenth  discharges,  and  it 
was  found  to  have  lost  about  -^Vths  of  an  inch  of  its  length 
by  each  shock.  The  total  contraction  was  fully  one 
inch  and  -r^th.  No  perceptible  loss  of  weight  could  be 
discovered,  but  the  increase  of  thickness  seemed  to 
he  in  proportion  to  the  longitudinal  contraction  the 
w^re  had  undergone*  It  appeared  also,  that  a  copper 
wire  plated  with  silver,  and  of  the  same  dimensions  as 
the  iron  wire  before  employed,  underwent  adiuiinntion 
of  length  only  -^ds  as  great  as  had  been  suffered  by 
the  former  wire, 

Mr.  Brooke  passed  the  charge  from  16  square  feet 
of  coated  surface,  nine  times  successively  through  a 
steel  wire  12  inches  in  length  and  -rU^**  *^f  ^^*  ^^^^  '^ 
thickness,  and  thus  produced  a  longitudinal  contrac- 
tion of  one  inch  and  a  half, 

^  (144.)  It  may  easily  be  conceived  that  whenever 
the  electrical  discharge  takes  place  through  more  im- 
perfect conductors,  its  progress  will  be  marked  by 
still  greater  violence  of  effect  :  and  it  appears  that 
even  the  most  perfect  conductors  with  which  we  are 
acquainted,  if  they  have  not  sufficient  magnitude  for 
the  free  transmission  of  the  discharge,  suffer  from  the 
passage  of  the  fluid,  in  a  manner  similar  to  imperfect 
conductors  of  greater  volume.  For  the  convenience  of 
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Practical  the  young  electrician^  the  following  illustrations  of 
Electricity*  t^jg  species  of  action  are  arranged  in  a  series  of  expe- 
^■■'V^^  riments,  which  it  will  not  be  found  difficult  to  repeat. 

(145.)  Exp.  Let  a  capillary  tube^  such  as  is  em- 
ployed for  the  stem  of  a  thermometer^  be  filled  with 
mercury^  and  let  this  mercurial  thread  form  part  of 
the  circuit  in  an  electrical  discharge.  In  this  case 
although  the  conductor  is  excellent^  it  will  undergo  so 
great  an  expansion  as  to  burst  the  glass  tube  in  which 
it  is  contained. 

(146.)  Exp,  If  a  substance  of  inferior  conducting ' 
power  be  employed^  its  volume  may  be  considerably 
increased,  and  the  same  effect  will  still  be  produced. 
Thus  "  insert  two  wires  through  corks  in  the  opposite 
ends  of  a  small  glass  tube,  let  the  distance  of  the  ends 
of  the  wires  be  half  an  inch  -,  fill  the  tube  with  water, 
and  pass  a  moderate  charge  through  it ;  the  tube  will 
be  broken  and  the  water  dispersed/'  Singer. 

''  The  expansion  of  fluids  by  electricity  is  indeed 
very  remarkable  and  productive  of  some  singular  re- 
sults. When  the  charge  is  strong,  no  glass  vessel  can 
resist  the  sudden  impulse.  Beccaria  inserted  a  drop  of 
water  between  two  wires  in  the  centre  of  a  solid  glass 
ball  of  two  inches  diameter  5  on  passing  a  shock 
through  the  drop  of  water,  the  ball  was  shattered  with 
great  violence.  Mr.  Morgan  succeeded  by  the  same 
means  in  breaking  green  glass  bottles  filled  with 
water,  when  the  distance  between  the  wires  that  con- 
veyed the  spark  and  the  sides  of  the  glass  exceeded 
two  inches.  *  (Singer.)  The  same  author  states  that, 
"  with  but  a  moderate  charge  he  has  in  that  way 
broken  glass  tubes  the  thickness  of  half  an  inch  in  the 
sides,  and  having  a  bore  of  the  same  diameter." 

(147.)  Exp.  "  Drill  two  holes  in  the  opposite  ends 
of  a  piece  of  wood  which  is  half  an  inch  long  and  a 
quarter  of  an  inch  thick  :  insert  two  wires  in  the  holes, 
•  so  that  their  ends  within  the  wood  may  be  rather  less 
than  a  quarter  of  an  inch  distant  from  each  other  $ 
pass  a  strong  charge  through  the  wires,  and  the  wood 
will  be  split  with  violence.  Loaf  sugar,  stones^  and 
many  other  brittle  non-conductors  may  be  broken  in 
the  same  way,  if  a  sufficiently  powerful  charge  be 
employed." 

(148.)  Exp.  Introduce  two  wires  into  a  soft  piece 
of  pipe-clay,  and  pass  a  strong  shock  through  them  : 
the  clay  will  be  curiously  expanded  in  the  interval 
between  the  wires.  This  experiment  will  not  be 
successful  if  the  clay  be  either  too  moist  or  too  dry. 

(149.)  Exp,  Place  a  piece  of  plate  glass  about  an 
inch  square  and  half  an  inch  thick,  flat  upon  the  small 
table  of  the  universal  discharger,  and  press  it  by  a 
weight.  Set  the  points  of  the  sliding  wires  opposite  to 
each  other,  and  against  the  under  edge  of  the  glass, 
so  that  the  spark  may  pass  beneath  it :  the  charge  of 
a  large  jar  transmitted  in  this  way  rarely  fails  to  break 
the  glass. 

(150.)  Exp.  Let  a  spherical  cavity  be  turned  in  a 
piece  of  ivory,  capable  of  receiving  the  half  of  a  light 
wooden  ball  -,  a  small  conical  cell  is  to  be  made  at  the 
bottom  of  the  spherical  cavity,  and  two  wires  inserted 
through  the  sides  of  the  mortar  into  it :  if  a  drop  of 
water,  oil,  alcohol,  or  ether  be  put  between  the  wires, 
and  the  ball  placed  over  them  in  its  cavity,  a  charge' 
sent  through  the  drop  of  fluid  will  convert  part  of  it 
.  into  vapour,  and  expel  the  ball  with  considerable 
force.  Beccaria;  Lullin. 

(151.)  If  an  electrical  discharge  be  passed  over  the 


surface  of  a  piece  of  dough,  its  course  will  be  marked  cha 
by  an  irregular  line  or  indentation.  If  over  ice,  the  V..^ 
surface  is  sometimes  marked  with  spots,  as  if  a  hot 
chain  had  been  laid  upon  it.  If  over  snow,  a  channel 
is  furrowed  out  upon  its  surface.  If  through  a  piece 
of  paper,  or  a  green  leaf,  the  substance  is  rent  in  the 
direction  of  the  discharge. 

( 1 52 . )  Several  experiments  have  at  different  periods 
been  brought  forward  as  evidence  of  the  materiality  of, 
the  electric  fluid,  or  as  affording  proof  of  the  existence 
of  one  fluid  by  showing  in  what  direction  motion  is 
produced  at  the  instant  of  a  discharge.  A  light  ball 
has  been  made  to  move  along  a  groove,  between  the 
two  balls  of  a  discharger,  or  a  wheel  has  been  made 
to  revolve,  by  presenting  the  extremities  of  its  radii  to 
an  electrified  point,  but  we  feel  little  inolined  to  occupy 
our  pages  with  experiments  of  this  nature,  as  we  are 
convinced  that  all  these  cases  are  easily  explained  by 
taking  into  consideration  the  ordinary  effects  produced 
by  attraction  in  our  atmosphere. 

(153.)  There  are  however  some  singular  appear- 
ances presented  by  substances  through  which  electrical 
discharges  have  proceeded,  which  it  will  be  accordant 
with  our  plan  to  introduce  under  the  present  section. 

If  a  considerable  electrical  discharge  from  a  Leyden 
jar  be  passed  through  a  card  or  a  quire  of  paper,  there 
will  appear  a  sort  of  bur  as  if  some  expansive  effect 
had  taken  place,  or  some  body  had  passed  from  the 
centre  towards  the  two  external  surfaces  of  the  plane  f 
but  it  is  said,  that  the  larger  protrusion  will  be  found 
upon  the  resinous  side  of  the  plane,  which  fact  has 
been  brought  forward  as  a  proof  that  there  is  but  one 
fluid  which  at  the  instant  of  the  dischai^,  passes  from 
the  positive  to  the  negative  surface  •  of  the  jar.  Mr. 
Symmer  upon  a  carefiil  examination  of  these  appear- 
ances, was  convinced  of  the  existence  of  two  currents 
which  had  passed  in  opposite  directions  through  the 
quire  of  paper,  and  had  left  a  hole  such  as  would  have 
been  produced  by  drawing  two  threads  through,  in 
opposite  directions.  (Phil.  Trans,  1759.)  To  the  same 
gentleman  we  are  indebted  for  the  following  variation 
in  this  experiment :  Let  a  slip  of  tin-foil  be  placed  in 
the  midst  of  a  quire  of  paper;  and  within  another 
quire  of  paper  let  there  be  two  slips  of  tin-foil,  sepa- 
rated by  the  two  middle  leaves  of  the  quire.  By  pas- 
sing a  strong  shock  through  each  of  these  quires,  dif- 
ferent effects  will  be  produced.  In  the  former,  the  tin- 
foil will  have  received  two  indentations  in  opposite 
directions,  and  the  leaves  of  paper  will  be  rent  in  such 
a  manner  that  on  both  sides  of  the  tin-foil  the  burs 
shall  point  toward  the  outsides  of  the  quire  -,  but  the 
indentations  upon  the  foil,  and  the  burs  in  the  paper 
will  be  in  opposite  directions.  In  the  other  quire,  all 
the  leaves  will  be  perforated,  excepting  the  two  be- 
tween the  tin-foil,  and  these  two  will  have  received 
indentations  in  opposite  directions. 

(154.)  Even  if  we  were  to  admit  that  the  effects 
thus  produced  upon  paper,  pasteboard,  or  soap,  do 
prove  the  passage  of  the  discharge  to  proceed  from 
the  positive  to  the  negative  side  of  the  jar  or  battery^ 
there  does  not  appear  any  absurdity  in  supposing  that 
the  vitreous  electricity  should  have  the  power  of  pro- 
ceeding under  certain  circumstances,  with  the  greater 
velocity  to  form  a  union  with  the  resinous  fluid.  It 
appears  in  fact  that  these  motions  are  influenced  in 
some  way  or  other  by  the  state  of  atmospheric  pres- 
sure 3  for  let  a  varnished  card  be  suspended  by  silk. 


Bit  ia  such  a  manner  that  vwo  blunt  wires  proceeding 
if-  from  the  opposite  skies  of  a  battery  may  be  in  contact 
^'  with  the  opposite  surfaces  of  the  card  ;  but  so  that 
the  pf>}nts  although  in  contact  with  the  card  are  half 
an  inch  distant  from  each  other.  When  the  discharge 
of  the  battery  has  taken  place,  the  card  will  be  found 
perforated,  but  always  at  the  point  where  the  resinous 
wire  touches  it,  even  if  a  hole  be  previously  made 
a^nstthe  point  of  the  wire  from  the  vitreoys  side  of 
the  battery.  Clearly  then,  in  this  case,  the  fluid  passes 
from  the  vitreous  to  the  resinous  conductor. 

In  the  next  place  let  all  conditions  renvain  the  same, 
and  let  the  experiment  be  performed  under  the  receiver 
of  an  air-pump.  It  wnll  be  found  that  in  proportion  as 
the  pressure  of  the  air  is  removed,  the  perforation 
will  be  made  nearer  to  the  vitreous  condoctor.  Hence 
It  would  apjjear  that  in  rarefied  air  the  negative  elec- 
Iricity  is  capable  of  advancing  to  meet  the  vitreous 
electricity,  artd  that  in  general  the  air  exerts  a  greater 
coercive  force  upon  the  former  than  upon  the  latter 
floid,  Trcmery,  Journal  de  Phpiqua,  liv.  p,  357- 
Th  is  passage  of  the  charge  from  the  vitreous  to  the 
resinous  surface  is  easily  perceived  in  a  darkened  room, 
and  some  instances  of  this  kind  have  already  been 
noticetl,(89.)  and  (90.)  M.  Charles  rendered  this  motion 
very  apparent,  by  covering  long  pieces  of  black  cloth 
with  metallic  spangles  or  filings,  so  that  the  inter* 
niption  of  continuity  in  the  circuit,  made  the  time  and 
therefore  the  direction  of  the  discharge  very  per- 
ceptible. 

(155.)  From  the  instances  w^hich  we  have  already 
brought  forward  of  powerful  mechanical  effects  pro* 
duced  by  the  passageof  an  electrical  discharge  through 
an  imperfect  conductor,  we  are  in  some  degree  com- 
pelled to  recognise  electricity  as  a  material  tluid  j  but 
if  so,  how  extraordinary  must  be  the  velocity  of  its 
movements.  Its  weight  is  to  us  inappreciable,  and  yet 
by  its  momentum  it  can  rend  and  disperse  the  densest 
metals,  and  from  this  circumstance  alone,  reasoning 
i  upon  the  universal  laws  of  mechanical  force,  tite 
H     Telocity  must  be  immense, 

^L-    (156*.)   Exp.  Let  a  strip  of  gold  or  silver  leaf,  or 

^Hiblitch  metal  be  gummed  to  the  surtWe  of  a  piece  of 

^■^aper,  and  so  arranged  between  the  forceps  of  the 

uojversal  discharger  that  an  electrical  charge  may  be 

passed  lUrough  it.  Ko  portion  of  metal  will  afterwards 

be  found  j  part  is  seen  to  be  dispersed  in  a  sort  of 

ITUpour^  or  perhaps  very  minute   powder,  and  pait  re- 
mains in  a  state  of  oxidation  upon   the  paper,  which 
thus  receives  a  greenish  brown  colour. 
(157*)   Exp.  "Take  three  pieces  of  window-glass, 
each  an  inch  wide  and  three  inches  long,  place  them 
logL'lher  with  tw*o  narrow  strips  of  gold-leaf  between 
tbeni,  so  that  the  middle  piece  of  glass  has  a  strip  of 
gold  on  each  of  its  sides  i  the  extremities  of  the  gold 
ttrips  should  project  a  little  beyond  the  ends  of  the 
I         glass  :  pass  the  charge  of  a  large  jar  through  the  gold 
M      strips,  tliey  will  be  melted  and  driven  into  the  sur- 
W      faces  of  the  glass.     The  outer  plntc^i  of  glass  are  usu- 
'         ally  broken,  but  that  in  the  middle  frequeolly  remains 
I        entire,  and  is  marked  with  an  indelible  metallic  etain 
B      on  each  of  its  surfaces." 

V  At  the  same  time  that  these  violent  dispersive  effects 
arc  produced,  the  develo|>emcnt  of  heat  and  chemical 
combination  also  takes  place.  Of  these  we  shall  speak 
hereafter,  but  this  dispersion  of  so  heavy  a  metal  as 
gold  leads  to  the  following  singular  speculation    Gold 


is  about  nineteen  times  specificedly  heavier  than  water.  Chap.  VL 
and  the  volume  of  water  in  the  state  of  vapour,  is  \^*-s^.-^-/ 
16CX)  as  great  as  in  its  liquid  slate.  Let  us  siippose  it 
necessary  that  the  vapour  of  gold  shall  be  compelled 
to  assume  the  same  density  as  the  vapour  of  water. 
In  this  case  the  filament  of  gold-leaf  in  the  process  of 
volatilization,  must  undergo  an  expansion  of  volume 
equal  to  nineteen  times  1600,  or  become  30^400  as 
great  in  its  solid  state. 

Some  recent  experiments  seem  to  prove  that  the  two 
eleclrkities  exert  opposite  actions  upon  the  molecules 
of  matter,  under  circumstances  favourable  to  crystal- 
lization, and  that  this  process  is  assisted  by  the  pre- 
sence of  resinous  electricity.  As  these  researches  have 
been  made  with  the  voltaic  pile,  we  must  reserve  a 
more  specific  account  of  them  for  their  appropriate 
situation  under  the  article  devoted  to  that  modification 
of  electrical  action. 

When  an  electrical  discharge  takes  place  in  the 
air,  whether  it  be  a  spark  or  from  the  more  abundant 
accumulation  of  a  shock,  a  report  is  heard  ;  and  this 
report  has  we  think  been  satisfactorily  explained  on  a 
common  mechanical  principle.  *'  The  sound  is  pro- 
duced by  the  sudden  collapse  of  the  air  which  has  been 
displaced  by  the  passage  of  the  electric  fiuid  5  and  it 
is  consequently  greater  in  proportion  to  the  quantity 
and  intensity  of  the  charge.  Hence  when  different 
sized  jars  have  been  charged  to  the  same  degree,  (of 
intensity,)  and  then  successively  discharged^  the  ex- 
plosions produced  will  be  louder  in  proportion  as  the 
jars  are  larger  ^  and  the  effect  afforded  by  a  battery  of 
extensive  surface  will  be  that  of  a  comparatively  violent 
effort/'     Singer,  p.  147. 

(158.)  There  is  an  elegant  illustration  of  electrical 
attraction,  for  which  w^c  are  indebted  to  Professor 
Lichtenberg  of  Gottingen,  which  has  also  been  con-  Lirhten- 
siderably   modified    and   improved    by   more    recent  berg, 
electricians. 

Exp*  Take  a  smooth  disc  of  resin,  or  the  lower  plate 
of  an  electrophorus,  and  trace  any  lines  over  its  sur- 
face with  the  knob  of  a  jar  charged  with  vitreous  elec- 
tricity ;  and  then  repeat  the  same  with  a  jar  charged 
with  the  opposite  ffuid.  By  means  of  one  of  the  old- 
fashioned  powder  puffs  or  some  similar  contrivance^ 
project  over  the  surface  of  the  disc  a  mixture  of  finely 
powdered  sulphur  and  red  lead,  triturated  together  in 
a  mortar.  By  the  friction  thus  produced,  the  sulphur 
will  have  acquired  vitreous,  and  the  minium,  resinous 
electricity;  and  each  substance  when  projected  upon 
the  disc  will  attach  itself  to  the  oppositely  eicctrified 
lines,  forming  a  series  of  red  and  yellow  outlines, 
These  are  the  figures  of  Lichtenberg,  produced  in  the 
most  simple  manner;  but  other  and  far  more  compli- 
cated varies  of  the  experiment  may  be  found  by  the 
following  references.  Lichtenberg,  Nov,  Com,  Got  ting. 
1777  J  vol.  viii.  p.  168  ;  Ben  net.  New  Riperimentx  in 
Etectriciitf,  Bvo.  Lond.  1789. 

On  the  subjects  of  this  section  consult  Symmer, 
PhiL  Trans.  voL  li.  p.  371 ;  Beccaria,  Leiitrt  delV 
Eikttrickmo,  p.  74  j  Cavallo,  PftiL  Tram.  17 HO,  p.  15  5 
Priestley*s  Hkt.  Etec,  p.  GJ2  ;  Ingcnhoui,  PhiL  Tram, 
177H.  p.  1022  J  Nairne,  PhiL  Trans,  I7HO,  p.  334| 
(lOUgh,  Nicholson's  Journal,  vol  xxxili.  p.  IJtJ  j 
E.  Walker,  PhiL  Mag.  xUi.  p.  IGl ;  Singer*s  Electricity, 
p.  16/  ;  Berlinghicri,  Jtfwr.  iie  Phy$.  xl.  p.  133j  Lullin's 
card,  Nicholson's  Jawr.  viiL  p,  %^Z^ 
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§  II.  Effects  of  electricity  upon  vegetable  life, 

(159.)  The  first  experiments  upon  the  application 
of  electricity  to  living'  vegetables,  were  made  by  Mr, 
Maimbray  of  Edinburgh,  in  October  1746.  It  appeared 
that  two  n»yrtle  trees  which  had  been  subjected  to 
gentle  electrical  action  during  the  month  of  October, 
put  forth  leaves  in  the  subsequent  spring,  earlier  than 
similar  trees  which  had  not  been  electrified. 

The  Abb^  Nollct  supposed  that  he  had  fully  verified 
these  resylts,  and  hh  experiments  were  repeated  and 
varied  by  MM.  Jalhihert,  Jioze,  the  Ablu*  Menon^  Dn 
Caraioy,  the  Abb^  D'Ormoy,  and  the  Abl>e  Bertholon, 
who  all  conceived  tluit  they  had  found  electricity  to 
produce  beneticial  effects  upon  the  growth  of  living 
%'egetablcs.  Of  these  experimcntrilistSj  the  Abb<L'  Ber- 
fbolon  was  by  far  the  most  sanguine,  and  appears  to 
have  been  most  erroneous  in  bis  conclusions.  1 1  would 
be  a  waste  of  both  time  and  space  whicli  we  can  devote 
to  better  purposes^  if  we  should  here  attempt  to  de- 
scribe the  extensive  system  of  electrical  horticulture 
proposed  by  this  author.  The  whole  depended  upon 
the  elevation  of  pointed  conductors  to  a  considerable 
height  in  the  air^  by  which  means  a  supply  of  elec- 
tricity was  to  be  obtained,  and  again  dispersed  from  a 
series  of  points  over  the  growing  produce  of  the  garden. 
Iflgealiouz  A  very  elaborate  series  of  experiments  by  Dr.  In- 
gcnhouzj  in  which  the  processes  of  preceding  writers 
were  repeated  and  exauu'ned,  appeared  in  177B,  and 
entirely  changed  the  current  of  opinions  upon  this 
Eubject ;  and  Mr.  Cavallo,  wlio  appears  to  have  made 
similar  experiments,  expresses  his  complete  conviction 
of  the  ineflicacy  of  electricity  as  a  stimulus  to  vege- 
table iife. 

A' an  Manim  wished  to  ascertain  whether  the  sen- 
sible perspiration  of  vegetables  were  increased  by 
electricity.  He  therefore  insulated  the  vegetables 
growing  in  flower  pots,  and  brought  them  in  contact 
with  vilreously  electrified  conductor.^.  After  being 
thus  exposed  to  electricity  for  a  quarter  of  an  hour,  the 
loss  of  weight  by  evaporation  was  found  to  be  in  some 
Jth  and  in  others  -^d  more  than  in  the  unelcctrified 
state.  It  is  possible  that  even  here  there  may  be  some 
deception  j  for  as  every  pointed  electric  conductor 
propels  from  itself  a  current  of  air,  so  myst  the  points 
of  the  leaves  of  plants  j  and  the  constant  succession 
of  fresh  portions  of  air  by  means  of  Ibis  current  must 
tend  to  increase  the  quantity  of  evaporation. 

Dr,  Van  Marum  al?30  examined  the  influence  of  elec- 
tricity upon  the  sensitive  plants.  He  first  exposed  the 
Mimosa  Fudica  to  tlie  sim,  in  order  that  its  leaves 
might  be  fully  expanded,  and  then  brought  it  succes- 
sively within  two  feet  of  a  vitreously  electrified  con- 
ductor, and  of  one  resinously  electrified.  By  neither  of 
these  methods  was  any  effect  produced.  The  plant 
being  placed  upon  tbe  conductor,  the  small  leaves 
raised  themselves  up  a  little  and  expancTcd,  when  no 
sparks  w^ere  drawn  from  the  conductor  j  but  as  soon 
as  sparks  were  tidien  from  the  conductor,  the  small 
leaves  agiiin  fell  nearly  in  the  same  manner  as  the 
pendulum  electrometer.  After  a  few  such  chfmges 
they  at  length  began  to  approach  each  other,  to  close 
themselves,  and  became  totally  shut.  This  result  took 
place  also  in  consequence  of  other  kinds  of  concus' 
sions,  and  therefore  must  not  be  ascribed  exclusively 
to  electricity.  In  other  respects  the  plants  underwent 
no  change. 


Van 

Marum. 


In  experiments  of  the  same  kind  made  with  the  Cb 
Hcdysarum  Gyrans,  the  electricity  produced  neither  Wi 
acceleration  nor  retardation  in  the  movements  of  the  1 
small  leaves* 

(!6U.)  Such  is  the  information  we  possess  upon 
the  effect  of  feeble  electricity  applied  for  a  long  time 
to  growing  phmts,  or  only  applied  for  a  short  time 
to  plants  which  seem  to  possess  great  nervous  irrita- 
bility. If  however  the  electricity  be  applied  with 
greater  violence  to  living  vegetables,  very  decided 
destructive  eiects  are  produced. 

Mr.  Nairne,  in  the  year  1773,  made  some  experi-  Effii 
mentsofthis  sort  upon  different  plants,  particularly  fili« 
myrtles  and  laurels.  Van  Marum,  who  has  most  re* 
cently  examined  this  subject,  made  choice  of  much 
more  vigorous  trees^  such,  for  example,  as  the  young 
stems  of  the  common  willow,  and  in  the  middle  of 
April,  a  period  at  which  the  young  branches  usually 
shoot  forth.  Through  two  of  these,  eight  feet  in 
length,  he  conveyed  shocks ;  to  the  first,  through  a 
space  of  15  inches  in  length  ;  and  in  tw^o  others, 
through  their  tops  only.  After  the  passage  of  these 
shocks  tbe  trees  were  planted  ;  but  the  parts  through 
which  the  shocks  had  been  conveyed  sent  forth  no 
branches*  The  upper  parts  through  which  the  shocks 
had  passed,  sent  forth  a  few  shoots  for  some  days, 
but  very  slowly,  and  these  shoots  shortly  writhe  red 
and  died.  Those  parts  not  electrified  sent  out 
branches,  like  the  other  trees  planted  near  them. 

Mr.  Cavallo  also  mentions  the  very  easy  manner  in 
which  the  *'  Balsam  {Impatiens)  is  killed  by  means  of 
electricity.  The  plants  of  that  genus  are  not  re* 
mark  ably  delicate,  they  grow  easily,  their  stocks  and 
branches  arc  thick  in  proportion  to  the  size  of  the 
plant,  and  they  bear  the  inclemency  of  the  w  eather 
tolerably  well ,  yet  a  very  small  shock  sent  through 
the  stem  of  a  balsam  is  sulhcient  to  deprive  it  of  life, 
A  few  minutes  after  the  passage  of  the  shock,  the 
plant  will  droo]t,  the  leaves  and  branches  become 
flaccid,  and,  in  short,  its  vegetation  is  quite  destroyed. 
I  have,  indeed,  known  some  plants  of  that  species 
wiiich  have  revived  after  a  day  or  two;  but  that 
effect  seldom  takes  place,  A  small  Leyden  phial, 
such  as  may  contain  six  or  eight  square  inches  of 
coated  surface,  is  sufficient  for  this  purpose ;  and  it 
may  even  be  effected  by  means  of  strong  sparks  from 
the  prime  conductor  of  a  large  electrical  machine, 

*'  In  this  experiment  neither  the  internal  vessels, 
nor  any  other  part  of  the  plant,  appears  to  be  in- 
jured, and  indeed  the  size  of  the  plant,  and  the  incon- 
siderable strength  of  the  shock  which  is  used,  arc 
such  as  not  to  indicate  the  possibility  of  the  vessels 
being  burst,  or  of  tbe  vegetable  organization  suffering 
any  material  derangement  j  it  would,  therefore,  be 
useful  to  investigate  the  immediate  cause  which 
occasions  the  death  of  the  plant, 

**  Having  subjecled  several  other  plants  to  the 
action  of  electric  sparks  and  shocks,  I  have  not  found 
any  that  can  be  so  materially  hurt  by  nn  electric 
power,  ao  small  in  proportion  to  its  size,  as  that  which 
is  sufficient  to  destroy  the  vegetation  of  a  balsam/' 
Cavallo,  vol.  iii,  p.  2¥J, 

On  the  whole,  then*  as  far  as  experiments  at  present 
warrant  our  decision,  feeble  electricity  exerts  no  per* 
ceptilde  influence  upon  vegetable  life ;  but  its  more 
violent  effects  are  similar  in  their  destructive  nature 
to  those  produced  by  lightning. 
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Consult  Browning,  PIdl.Trans.  1747,  p^  373  ;  Notlet, 
if«  Bitkerchet  iur  lei  causes  particulieres  des  Phenomhies 
*  Eleetfiquet,  p.  356,  Paris,  1749 ;  Kies  and  Koatelin, 
De  effectibus  ElectrkUatiSf  Tubingen,  1775  ;  Ingen- 
b<MlZ,  Jour,  de  Phys.  xxxii.  p.  32 1^  and  xxxv.  p,  81 ; 
aUo  Ingenhouz,  Fersuche  mil  P/hnzen,  IJDO ;  Crellj 
Jour*  de  Phifi.  xx%.  p.  157  j  De  Roziercs,  Jour,  de  Phys, 
ixsTirL  p,  351 ;  Carmoy,  Jour,  de  Phifi,  xxxiii.  p.  339 ; 
Rowlands  Jour,  de  Phys*  xxxv.  p.  3  5  D'Ormoy,  Jour. 
de  Phifs,  XXXV,  p.  IGlj  Bertholoiii  Jour,  de  Phys, 
iJLiv.  p.  401  J  De  RoziereSj  Juur,  de  Phys,  xxxviii* 
p.  351 — 1^  J  Chappe,  Jour,  de  Phys.  x\.  p.  6^2  1 
MauiluYt,  JoHr,  de  Phys,  xK  p.  *24l  ;  Bertholon,  De 
rEkctricii^  des  Vegetaux ;  Van  r^Iunini,  Tweede  f'ervolg 
der  pToefnemiitgeu  gedaart  met  Teylers  Elect,  MacL  4 to, 
Hacrlem^  17^5  j  or  an  abstract  m  Phii,  Mag,  1801, 
p.  193,  313. 

i   m,  ^ects  ofelectriciiy  upon  animal  life, 

Tlie  facta  to  be  broiigl^t  forward  in  the  present 
fection,  will  form  an  abstract  of  the  best  authenticated 
electrical  experiments  upan  liWng'  animals^  both  in 
tlie  dtaies  of  health  and  disease,  and  will  therefore 
s%htly  touch  upon  that  branch  of  the  science  wliich 
b  termed  medical  electricity. 

(161.)  The  sensation  produced  by  receiving  a  spark 
upon  any  part  of  the  body ;  and  the  more  powerful 
one  experienced  when  we  form  part  of  the  circuit 
through  which  the  charge  froni  the  two  sides  of  a 
coated  jar  returns  to  the  state  of  electrical  equili- 
hrium>  must  be  familiar  to  every  one  ;  and  the  latter 
If,  with  good  reason,  called  the  electrical  shock. 

We  are  not  sufficiently  acquainted  with  the  nature 
of  that  subtle  agents  upon  which  we  now  treat,  to 
gife  a  satisfactory  reason  for  this  singular  and  violent 
cSect  upon  all  bodies  through  which  the  discharge 
passes.  We  know  not  whether  in  the  human  frame, 
the  concussion  and  involuntary  muscular  motion,  be 
produced  merely  by  an  influence  upon  the  nervous 
BTStem,  or  by  the  passage  of  a  subtle,  but  material, 
fluid  through  the  substance  of  our  bodies ;  or  by  the 
sudden  decomposition  of  the  natural  electricity  of 
our  frame  for  the  purpose  of  neutralizing  the  accu- 
mulated masses  of  the  opposite  fluids  disposed  upon 
the  two  coated  surfaces, 

Mr.  Morgan  states,  that  if  the  discharge  from  two 
square  feet  of  coated  surface  be  made  to  pass  through 
the  region  of  the  diaphragm,  a  sudden  convulsive 
ictioQ  of  the  lungs  produces  a  loud  shout ;  but  that, 
If  the  charge  be  much  smaller,  it  produces  a  violent 
fit  of  laughter,  even  in  the  gravest  persons,  A  very 
strong  charge  passed  through  the  diaphragm,  pro- 
duces  involuntary  sighing  and  tears^  and  sometimes 
hrin^  oo  a  fainting  fit 

There  appears  to  be  some  difference  in  the  effects 
produced  by  shocks  of  the  same  actual  intensity,  if 
received  by  different  persons  ;  and  it  seems  that  per- 
ions  of  great  nervous  irritability  are  affected  more 
Violently  than  those  of  a  more  phlegmatic  temperament. 
Mr.  Cavendiiih  proved  experimentally  what  our  theory 
would  lead  us  to  suppose  ^  that  the  sensation  pro- 
duced by  a  shock  depends  upon  the  quantity  of  the 
electricity,  rather  than  upon  its  intensity.  That  a 
given  extent  of  coated  surface,  charged  to  a  certain 
degree  of  intensity,  gave  a  perceptibly  greater  shock, 
than  half  that  extent,  charged  to  a  degree  of  intensity, 
double  of  that  in  the  former  case.     Dr.  Robinson^ 


however,  states,  that  a  charge  of  low  intensity,  re-  Chip.  Vt 
ceived  from  a  large  extent  of  coating,  is  less  disagree- 
able than  one  of  very  high  intensity,  from  a  much 
smaller  surface.  In  this  cjise,  however,  tliere  is  no 
estimate  of  the  relative  quantity  of  electricity  in  each 
case  ;  and  it  does  not  seem  at  all  improbable  chat 
where  the  same  qwantity  of  electricity  is  disposed 
upon  the  coatings  of  two  jars,  the  one  small,  and 
the  other  large,  the  increased  intensity  of  the  elec- 
tricity u{>on  the  smaller  jar,  will  cause  the  discharge 
to  take  place  with  greater  rapidity,  and  conge^uently 
with  greater  perceptible  violence  of  action. 

{162.)  In  our  historical  introduction,  we  have  re- 
lated the  splendid  discovery  of  Franklin,  by  \«^hich  he 
identified  the  electricity  of  the  experimentalist  with 
the  lightning  of  the  atmosphere.  Among  other  proofs 
of  that  identity,  history  aftbrded  numerous  instances 
of  persons  who  had  been  killed,  during  thunderstorms, 
by  a  stroke  analogous  to  the  discharge  of  an  electrical 
battery ;  and  the  death  of  the  unfortunate  Kichoian 
by  a  discharge  of  electricity  which  he  had  conducted 
from  the  clouds  to  his  own  apartment,  was  a  con- 
firniation,  (had  any  such  been  necessary,)  and  at  the 
same  time  a  warning  to  all  subsequent  electricians. 
The  same  system  of  action  which  produces  the  sen- 
sible shock,  seems,  if  carried  to  excess,  to  be  instantly 
destructive  of  animal  life ;  and  the  fact  of  a  pigeon, 
having  lost  its  sight  from  the  passage  of  a  shock 
through  the  head,  lends  a  degree  of  probability  to 
the  supposition,  that  the  destruction  of  nervous  irri- 
tability is  the  immediate  cause  of  the  death  of  the 
animals. 

In  attempting  to  investigate  the  nature  of  this  de- 
structive action,  Dr.  Van  Ma  rum  made  several  expe- 
riments. "  For  this  purpose  he  employed  eels,  which, 
as  is  well  known j  even  when  cut  into  three,  four,  or 
six  parts,  and  when  deprived  of  the  head,  still  retain 
signs  of  irritability.  These  eels  were  a  foot  and  a 
half  in  length,  and  the  shock  was  conveyed  through 
the  whole  body.  By  these  means  they  were  instantly 
killed,  and  never  moved  afterwards.  They  were  im- 
mediately skinned,  and  trial  was  made  by  pinching, 
pricking,  &c.  whether  any  irritability  remained  j  but 
no  traces  of  any  were  perceptible,  even  when  pretty 
large  sparks  were  drawn  from  these  parts.  The 
strongest  salts  were  attended  with  as  little  effect, 

'^  When  the  shock  was  made  to  pass  through  indi- 
vidual parts,  for  example  the  head*  these  alone  lost 
their  irritability^  while  the  rest  retained  it.  When  the 
head  was  kept  free  from  the  shock,  the  remaining 
parts  only  were  paralysed.  The  same  experiments  were 
several  times  repeated  on  eels  3|  feet  in  length,  and 
with  the  same  results.  When  the  shock  was  made 
to  pass  through  the  upper  and  fore  part  of  the  head 
of  large  eels,  the  under  jaw,  as  well  as  the  muscles 
of  the  neck  and  belly,  and  even  the  lower  part  of  the 
body,  retained  their  irritability,  while  it  was  com- 
pletely destroyed  in  the  parts  through  which  the 
shock  had  passed.  The  same  effects  were  produced 
in  warm-blooded  animals,  for  example  rabbits,  with 
much  smaller  batteries."  Nicholson's  Jour,  \u\.  p.  319. 
(lt!3.)  It  had  l>een  remarked  that  whenever  ani- 
mals bad  been  killed  by  lightning,  the  process  of, 
spontaneous  putrefaction  ensued  with  unwonted  ra- 
pidity. This  circumstance  has  been  examined  by 
M.  Achard,  of  Berlin.  'Jlie  following  is  an  abstract 
of  his  Paper  upon  the  subject* 
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upon  each»  both  with  positive  and  negative  electricity. 
These  persons  were  placed  in  a  room  wbich  was  at 
such  a  diataocc  from  the  machine  that  they  could  not 
bear  the  noise  it  made  in  turning  5  they  were  insu- 
lated^ and  the  pulse  of  each  was  felt  when  the  nia- 
ehine  was  in  motion^  as  weU  as  when  it  was  at  rest, 
(which  last  circumstance  was  unknown  to  them,) 
and  the  beats  were  counted  by  a  good  observer,  pro- 
Yided  wHth  an  excellent  watch.  In  some  cases  a  few 
heatd  more  were  obscr^^d,  but,  on  the  whole,  there 
was  no  important  acceleration*  In  general^,  however, 
there  was  great  irregularity  in  the  pulse^  l>otb  during 
the  time  the  persons  were  electrified^  and  during  the 
time  the  machine  was  at  rest," 

For  the  purpose  of  ascertaining  "  the  increase  of 
insensiblo  perspiration,  Van  Marum  employed  a  very 
delicate  btdance ;  one  scale  of  which  was  insulated 
by  means  of  a  silk  cord.     On  this  scale  he  placed  a 
hoy,  eight  years  of  age,  connected  with  the  conduc- 
tor j  and  the  balance  wag  brought  to  a  state  of  equi- 
librium.     He  then  ascertained   the    loss  of  weight 
sustained  in  haU'  an  hour,  before  the  boy  was  elec- 
ffified,  and  found  it  to  amount  to  ^80  grains.     By  a 
sinmlar  experiment  on  another  occasion,  the  loss  of 
weight,  before  being  electrified,  was  330;  and  after 
exposure  to  electricity  only  310  grains.     A  girl  of 
seven  years  old  lost,  before  being  electrified,    180 ; 
and  when  electrified  163  grains.     A  boy  of  eight  years 
and  an  half  lost,  unelectriiied,  430  j  and  when  clec- 
trilied  290  grains.   Another  of  nine  years  unelcctrified 
170,  electrified  240.    As  the  last  boy  was  exceedingly 
quiet  dming  the  experiment,  it  was  thought  that  the 
Increase  was  the  consequence  of  electricity  j  on  this 
accoutit  he  was  several  times  subjected  to  the  experi- 
xnent^  and  the  results  were  !  In  the  unelectri fied  state 
550  y  in  the  electrified  390,  330,  270,  550,  and  4^0. 
In  most  of  ihefie  experiments,  it  appeared  that  there 
"pras  rather  a  decrease/* 

It  has,  however,  been  stated  by  Mr.  Cavallo,  that  a 
medical  electrician  of  considerable  experience,  asisured 
Idm,  '-  that  in  a  diseased  state  of  the  body,  an  evident 
acceleration  of  the  pulse  is  often  observed  to  result 
from  the  application  of  electricity.**  Mr.  Carpue 
meations,  that  having  opened  a  vein  from  which  the 
blood  did  not  readily  liow,  be  electrified  the  patient, 
and  the  blood  then  streamed  forth  freely. 

(105.)  The  following  passages  are  selected  from 
Mr.  Singer^s  work,  because,  with  the  opinions  and 
expectations  there  advanced^  we  are  inclined  fully  to 
concur. 

^ ''  The  scientific  application  of  electricity  to  medi- 
due,  has  made  leas  progress  than  the  success  which 
has  attended  it  might  liave  been  justly  expected  to 
produce,^  It  appears  from  almost  every  trial  of  its 
power  hitherto  made,  that  under  judicious  manage- 
ment its  application  can  do  no  harm,  and  that  in 
many  of  the  most  distressing  disorders,  it  has  fre- 
quently been  of  considerable  sendee.  These  are 
powerful  recommendations,  and  when  it  is  added, 
that  it  is  an  external^  and  by  no  means  painful  re- 
medy J  and  that  it  may  be  applied  immediately  to  the 
affected  limb,  without  interfering  with  any  other  part^^ 
its  advantages  must  appear  to  be  considerable. 

*■  Tlie  machine  employed  for  medical  purposes 
should  have  sufficient  power  to  furnish  a  constant 
stream  of  strong  sparks,  for  in  many  cases  an  appli^ 
cation  of  that  kind  is  esaeotiaL     If  it  Is  a  plate 
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machine,  the  dianieter  of  the  plate  should  not  be  Cli»p.  VI. 
less   than  from   eighteen  inches  to  two  feet  j   if  it  is  ^ 
a  cylinder,  the  diameter  may  be  from  eight  to  four- 
teen inches. 

*'  The  auxiliary  apparatus  is  very  simple;  the  most 
essential  instruments  are :  1st,  a  jar  fitted  up  with 
Lane's  electrometer,  fig.  86,  by  which  shocks  of  any 
required  force  may  be  given  ;  2d,  a  pair  of  directors, 
fig.  8  and  9.  Occasionally  one  of  the  brass  bails  may 
be  unscrewed,  and  a  wooden  point  substituted  for  it. 
When  shocks  are  passed  by  the  aid  of  these  directors, 
they  are  applied  at  the  opposite  extremities  of  the  i>art 
through  which  the  charge  is  to  pass  j  and  being  re- 
spectively connected  by  conducting  wires,  the  one 
with  the  outside  of  the  jar»  and  the  other  with  the 
receiving  ball  of  Lane's  electrometer,  previously 
placed  at  the  required  distance^  the  jar  may  be  set 
to  the  machine,  which  is  then  put  in  motioUj  until 
any  required  number  of  shocks  has  been  given. 

*'  llie  insulated  director  is  employed  also  to  give 
sparks,  being  held  by  its  glass  handle,  and  its  ball 
previously  connected  with  the  conductor  by  a  flexible 
wire  J  being  brought  near  the  patient,  or  rubbed 
lightly  over  a  piece  of  flannel  or  woollen  cloth  laid 
on  the  affected  part.  AVhcn  the  eye  or  any  delicate 
organ  is  electrified,  the  ball  of  the  insulated  director 
is  unscrewed,  and  the  wooden  point  applied  at  the 
distance  of  about  half  an  i neb  from  the  part*  The 
stream  of  electrified  air,  which  passes  from  the  point 
under  such  circumstances;  produces  rather  a  pleasant 
sensation.  Very  excellent  flexible  conductors  for 
medical  purposes,  may  be  made  by  sewing  a  tliia 
spiral  brass  wire,  (such  as  is  used  for  braces,)  within 
a  thick  silk  riband. 

'*  The  insulating  stool  employed,  should  be  of 
sufficient  size  to  receive  a  chair  ►upon  it,  with  a  rest- 
ing-place in  front  of  the  chair  for  the  feet.  The 
patient  being  placed  on  the  insulated  chair,  and  con- 
nected with  the  conductor  of  the  machine,  becomes 
a  part  of  it,  and  sparks  may  be  drawn  from  any  part 
of  the  body  by  a  person  who  stands  on  the  ground 
and  presents  a  brass  ball  to  it.  If  the  ball  is  held 
by  a  wooden  handle,  the  sensation  is  less  painful  than 
when  it  is  held  by  metal.'* 

We  may  perhaps  be  thought  to  enter  too  minutely 
into  this  branch  of  our  subject;  but  should  this  be 
urged  against  us,  wc  would  plead,  that  electricity,  as 
a  medical  agent,  has  not  yet  had  a  full  and  fair  trial, 
such  as  to  enable  the  practitioner  at  once  to  predict 
whether  in  any  proposed  case  it  will  be  a  sanative  or 
inert  application.  Further,  that  it  has  never  beea 
known  to  produce  consequences  decidedly  injurious  j 
and  that  as  it  is  a  remedy  of  such  a  nature  that  a  long 
continuance  of  its  application  is  in  most  cases  neces- 
sary,  it  becomes  desirable  that  ample  instnictions 
should  be  given,  to  enable  any  one  to  apply  it  with 
security  and  ease. 

The  most  respectable  and  most  recent  collection  of 
cases  to  which  electricity  has  been  applied,  is  to  be 
found  in  a  very  candid  little  work  on  the  subject,  by 
Mr.  Carpue.  We  feel  that  we  arc  unable  to  improve 
upon  the  following  abstract  of  its  contents  made  by  Mr. 
Singer,  and  arranged  under  the  disorders  operated  upon. 

1.  Coniractwns.  Those  that  depend  upon  the  aflec- 
tion  of  a  nerve  only  j  and  in  many  of  these  it  has  been 
employed  without  effect,  whilst  in  others,  of  long 
duratioUj  immediate  relief  has  been  obtained. 
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Practical       2.  Rigidity.    Very  frequently  reliered^  but  usually 
Electricity,  requiring  some   perseverance  in  the  application  to 
complete  the  cure. 

3.  Sprains,  relaxation,  8fC.  Electricity  may  be  ap- 
plied in  all  these  cases  with  good  effect^  but  its  appli- 
cation should  be  deferred  until  the  inflammation  haa 
subsided. 

4.  Indolent  Tumours.  Strong  sparks  and  slight 
blocks  are  often  effectuaL  The  most  numerous  cases 
are  those  of  scirrhous  testes ;  and  there  are  some  in- 
stances of  the  successful  dispersion  of  scirrhous  mdu^ 
ratum  of  the  breast.  Ganglions  hare  also  been  re- 
moved from  the  wrists  or  feet  by  the  frequent  appli- 
cation of  sparks. 

6.  Chilblains.  Mr.  Carpue  states  that  electricity  is 
a  good  preventive  against  chilblains,  and  mentions 
two  instances  in  which  they  were  removed  by  the 
action  of  electrical  sparks. 

6.  Ej^lepsy.  In  several  instances  of  persevering 
application^  not  one  successful  case  occurred. 

7.  Deafness.  Sparks  thrown  upon  the  mastoid  pro^ 
oess,  and  round  the  meatus  anMorius  extemus,  and 
drawn  from  the  same  parts  on  the  opposite  side> 
usually  afford  relief;  and  about  one  in  five  are  per- 
manently cured. 

8.  Opacity  of  the  Cornea.  This  is  sometimes  cured 
by  the  long  continued  action  of  electricity  thrown  for 
ten  minutes  a  day  on  the  eye  by  a  wooden  point.  When 
caused  by  the  small  pox  it  is  said  to  yield  most  readily. 
Mr.  Singer  also  mentions  an  instance  in  which  con- 
siderable benefit  was  received  from  the  application  of 
electricity  $  but  its  use  could  not  afterwards  be  dia* 
continued  for  more  than  a  week  at  a  time  without  a 
return  of  the  disorder. 

9.  Gutta  Serena.  The  method  of  electrifying  for 
opacity  of  the  cornea  has  been  successful  in  soilie 
instances  of  gutta  serenai  but  there  are  very  many 
unsuccessful  cases. 

10.  Amenorrhea.  Cases  of  this  nature  are  generally 
relieved  by  sparks  and  slight  shocks  \  but  in  retention 
electricity  has  been  tried  without  success. 

11.  Knee  Cases.  In  instances  of  pain  and  swelling 
of  the  knee  the  application  of  sparks  has  been  effec- 
tual in  about  one  case  in  ten. 

IS.  Chronic  Rheumatism.  Very  numerous  are  the 
instances  of  succera^  the  usual  application  is  by  sparks 
for  ten  or  fifteen  mlButea  every  day.  In  recent 
cases  a  few  days  sometimes  suffice^  but  in  those  of 
long  standing  very  considerable  perseverance  ia  ofien 
required. 

13.  Acute  Rheumatism,  In  one  case  out  of  six  a 
cure  was  effected  in  about  a  month  by  the  application 
of  the  electrified  current  of  air  from  a  point. 

14.  Paralysis.  Moderate  shocks^  with  sparks  occa- 
sionally, have  been  successful  in  about  one  case  of 
paralysis  in  every  fourteen  that  have  been  tried. 

15.  St.  Vitus*  Dance  has  also  been  frequently  relieved 
by  electricity.  There  is,  indeed,  scarcely  any  disease 
in  \^ch  some  successful  instances  of  its  application 
are  not  recorded  ;  bnt  we  are  still  in  want  of  a  scien- 
tific examination  of  the  statements  that  have  been 
made  on  this  subject.  Singer^  p.  295. 

For  further  information  relating  to  this  section, 
consult  De  Boze,  Phil.  Trans.  1745,  p.  419  j  MOes, 
Phil.  Trans.  1746,  p.  78;  Winkler,  PhU.  Trans,  1746, 
p.  211  ;  Winkler,  Phil.  Trans.  1748,  p.  262  ;  Brown- 
ing, PhU.  Trans.  1747,  p.  373  -,  Watson,  PhiL  Trans. 


1751,  p.  231 5  Baker,  PhU.  Trans.  1748,  p.  570;  Hart,  Gha 
PhU.  Trans.  1754,  p.  786 ;  Id.  1755,  p.  558 ;  Brydone,  v.^ 
PhU.  Trans,  vol.  1.  p.  392 ;  Franklin,  PhU.  Trans,  vol.  1. 
p.  481  ;  Brydone,  PhU.  Trans.  vol.L  p.  695  ;  Himsel, 
PhU.  Trans,  vol.  li.  p.  179  j  Watson,  PhiL  Trans. 
1763,  p.  10  ;  Spry,  PhU.  Trans.  1767,  p.  88 ;  Parting- 
ton, Phil.  Trans.  1778,  p.  97  ;  FothergiU,  Phil.  Trans. 
1779,  p.  1;  Kies  and  Koestlin,  de  Eff.  Elect.  4to.  Tu- 
bingen ;  Henley,  PhU.  Trans.  1776,  p.  463 ;  Cavendish^ 
PhU.  Trans.  1776 ;  Achard,  on  Hatching  £ggs,  M^ws. 
Acad.  BeroL  1778  ;  Troostwyck  and  Krayenhoff,  de  V 
jfypUcation  de  VElectricU^,  4to.  Amst.  1788 ;  GiovanI 
Viventrio,  Istoria  deW Eltettridta  Medica  NapoUp  4to* 
1784  ;  Bertholon,  de  t  Electricity  du  Corps  Humain,. 
2  vols.  8vo. ;  Chappe  and  Mauduyt,  Jour,  de  Phys.  xl. 
p.  62—241 ;  Volta,  Gilbert's  Annakn,  vol.  xiv.  p.  25r 
and  423  ;  Mauduyt,  M^noire  sur  les  Difeientes  Mani^ 
eres  dAdministrer  V  Electricity,  Paris,  1784;  Chifo- 
teau.  Jour,  de  Medicine,  Mars.  1784 ;  NoUet,  Recher^^ 
ches,  p.  336  ;  Van  Marum,  PhU,  Mag.  voL  viii.  p.  194^ 
318 ;  Achard,  PhU.  Mag,  vol.  iii.  p.  51  ;  Abdilgaard^ 
Tentamina  Electrica  in  Animalibus  InstUuia  Col.  Soc. 
Med.  Hqfh,  vol.  ii.  p.  157 ;  Hemmer,  Elektrische  ver^ 
suche  mit  belegten  TfUeren,  Com.  Ac.  Theod.  Palat.  voL  ▼• 
p.  158;  Cavallo's  ElectricUy,  vol.  i.  p.  87;  Carpue's 
Medical  Electricity,  London,  1803. 

§  IV.  ^ects  of  electricity  in  the  production  of  chemical 
composition  and  decomposition. 

The  present  section  will  be  found  by  no  means  ao^- 
comprehensiveas  may  at  first  be  supposed,  for  although 
it  is  unquestion^le  that  electricity  is  oapatile  of  exerts 
ing  a  very  decided  influence  upon  the  ultimate  mo- 
lecules of  matter,  yet  this  eflfect  is  to  be  traced  prin- 
cipally  under  that  modification  which  the  galvaaie 
battery  produces.  The  oxidation  of  metals  by  power- 
ful electric  explosions,  seems  to  be  effected  in  a  greait 
measure  by  the  elevation  of  temperature,  and  not 
immediately  by  a  pure  electrical  agency.  The  case  at 
least  with  respect  to  metallic  wires  which  are  fused^- 
Yolatilized,  and  sometimes  oxidated  by  the  ekctrie 
discharge  stands  thus.  It  is  obvious  that  the  metal 
becomes  intensely  heated,  and  from  this  cause  aione 
we  know  that  it  would  be  enabled  to  combine  wkkt 
the  oxygen  of  the  atmosphere,  and  pass  to  the  state  ct 
an  oxide.  Some  peculiar  predisposing  or  determining 
agency  may  also  very  possibly  accompany  the  dec- 
tricity ;  but  as  this  can  only  be  inferred,  and  the  former 
source  of  oxidation  is  known  and  apparent,  we  hold  It 
to  be  more  correct  to  consider  the  oxidation  thus  pro- 
duced an  effect  of  heat,  and  therefore  to  reserve  the 
recorded  experioients  on  this  subject  for  the  sixA 
section  of  this  chapter. 

(166.)  Dr.  Priestley  appears  to  have  been  almopt  the  Dr. 
first  person  who  attempted  to  apply  the  power  of  eleo*  ley- 
tricity  to  chemical  purposes.  In  his  experiments  upon 
air  he  states  that  Waritire  had  already  fired  a  mixture  pf 
atmospheric  air  and  hydrogen  gas  by  meansof  the^ec- 
trie  spark,  and  that  upon  the  disappearance  of  pari  of 
the  gases  a  dewy  moisture  was  found  adhering  to  tke 
inner  surface  of  the  glass  vessel.  Priestley  contrived  to 
pass  a  current  of  electrical  sparks  from  a  brass  wire 
through  a  small  quantity  of  water  in  a  glass  tube.  Tfat 
water  was  coloured  blue  by  litmus,  and  after  sparks  liad 
thus  passerl  §ot  two  or  three  minutes,  the  blue  cojUiuriMl 
liquor  gradually  became  red,  especially  at  that  pari 
which  the  sparks  entered,  and  the  air  confined  in  the 
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suffered  some  diminution.  Hence  it  appeared  an 
had  been  formed,  and  it  seemed  probable,  that  in 
MMDe  'wmy  or  other  this  had  taken  place  at  the  expense 
of  the  air  confined  in  the  tube.  To  examine  this  point, 
the  tube  was  placed  under  the  receiver  of  an  air  pump, 
and  by  graduaily  exhausting-  the  air,  that  portion  en- 
dosed  within  the  tube,  expanded  and  forced  out  the 
changed  liquor.  By  readmitting  the  air,  a  fresh  por- 
tion of  coloured  liquor  was  introduced  while  the  con- 
fined air  remained  the  same  as  before,  and  resomed 
the  space  which  it  hnd  occujjied,  after  the  passage  of 
the  electrical  current.  After  this,  the  rurrent  of  elec- 
tricity was  not  able  any  more  to  change  the  colour, 
nor  to  produce  a  diminution  in  the  volume  of  enclosed 
air. 

Priestley  also  found  that  an  inflammable  gas  was 
CTolvcd,  by  passing  a  current  of  electric  sparks  through 
lay  kind  of  oil.  The  oils  operated  upon  were  olive 
■il,  turpentine,  and  the  essential  oil  of  mint.  The 
tame  effect  was  obtained  from  ether. 

When  the  spark  was  passed  through  amnioniacal 
gtf,  the  volume  of  the  gas  was  increased,  so  that  two 
Iniodred  shocks  passed  through  a  given  quantity  would 
sometimes  produce  an  expansion  of  one-fourth.  By 
the  subsequent  admission  of  water  the  original  quantity 
flperated  upon  was  absorbed  j  and  the  remaining  gas, 
equivalent  to  the  expansion  produced  by  theelectricityj 
was  found  to  be  highly  ioflammable* 

Slight  shocks  were  passed  for  about  an  hour  through 
an  inch  of  carbonic  acid  gas,  confined  in  a  glass  tube 
>Vth  of  an  inch  in  diameter ;  and  upon  the  admission 
of  water,  one-fourth  part  only  was  absorbed. 

By  operating  in  a  similar  manner  upon  carburetted 
bTdffogen^  charcoal  in  a  pulverulent  form  was  depo- 
rted upon  the  inside  of  the  tube. 

In  one  instance  Br.  Priestley  had  passed  a  succession 
of  electric  aporks  from  a  conductor  of  moderate  size, 
for  the  space  of  five  mitiuteB,  through  some  carburetted 
hydrogen  gas>  without  producing  any  apparent  effect 
of  decomposition.  But  upon  passing  through  it  only 
two  shocks  of  a  jar,  each  of  which  might  be  produced 
k  less  than  a  quarter  of  a  minute  "with  the  same 
machine  in  the  same  state,  the  inside  of  the  tube  was 
entirely  covered  with  the  black  carbonaceous  matter. 
In  these  experiments  it  appeared  that  if  the  quantity  of 
the  gas  operated  upon  were  great,  no  shock,  however 
powerful,  would  produce  the  chemical  decomposition. 

(I€TO  Mr.  Cavendish's  paper  in  the  PhiL  Tnms, 
for  1T64,  will  afford  the  next  series  of  investigations 
ipon  these  points.  A  portion  of  air  through  which  he 
iateiided  to  transmit  a  succession  of  sparks  was  con- 
fined in  a  glass  tube  A,  fig.  87,  bent,  filled  with  quJck- 
ilver,  and  immersed  in  two  vessels  of  the  same  fluid. 
The  air  to  be  electrified  was  introduced  by  means  of  a 
piece  of  glass  tube  ABC,  fig.  88.  In  using  this  very 
ingenious  piece  of  apparatus,  the  tube  ABC  is  first 
filled  with  mercury,  and  then  introduced  as  in  fig.  88^ 
with  its  bent  end  uppermost  into  the  vessel  which  con- 
tains the  gas,  standing  in  the  pneumatic  trough. 
Throughout  this  part  of  the  process  the  orifice  at  C 
U  fltopped  by  a  finger,  by  the  subsequent  removal  of 
which,  some  mercury  will  descend  through  C,  and  an 
equal  volume  of  the  gas  will  enter  at  the  end  A,  When 
the  proper  quantity  of  gas  has  been  admitted  to  the 
tube  A  B  C,  it  is  withdrawn  and  reversed,  so  that  the 
end  C  is  placed  uppermost,  which  is  to  remain  carefiilly 
cloBt^  The  end  A,  which  is  made  to  fit  into  the  end  of 


the  tube  in  fig.  87,  is  then  introduced  beneath  the  mer-  Ch4p,  VI. 

cury  in  either  of  the  glasses,  and  by  withdrawing  the  <— ^^^-^^ 

finger  from  the  upper  end  C  of  the  transferring  tube, 

the  mercury  descends,  and  the  gas  is  forced  into  the 

tube  A,  fig*  87.  It  is  necessary  that  the  transferring  tulic 

ABC  should  have  only  an  exceedingly  small  orifice; 

and  in  fact,  that  employed  by  Mr.  Cavendish  was  part 

of  a  thermometer  stem.     By  means  of  the  same  tube 

a  given  quantity  of  soap  lees  or  any  other  liquor  might 

be  introduced  within  the  tube  A, 

In  one  instance  where  it  was  necessary  to  introduce 
several  successive  portions  of  air  during  tlie  same  ex- 
periment he  gave  to  his  apparatus  the  form  represented 
in  fig.  89,  consisting  of  a  tube  of  small  bore  A  B,  a 
bulb  C,  and  a  tube  D  E  of  larger  bore  than  the  former 
one.  This  instrument  was  first  filled  with  quicksilver, 
and  then  the  bulb  C  and  the  tube  A  B  were  filled  with 
the  gas,  by  introducing  the  end  A  under  the  inverted  jar 
upon  the  shelf  of  the  pneumatic  trough,  and  then  draw- 
ing out  the  mercury  from  the  leg  DE  by  a  syphon* 
Being  thus  fiirnished  with  air  the  instrument  is 
weighed,  the  aperture  at  A  being  closed  during  this 
part  of  the  process.  The  end  A  of  fig*  89  is  then  fitted 
into  the  end  of  the  tube  A  in  fig,  87j  and  remains  there 
during  the  ex|>eriment.  As  often  as  it  is  necessary  to 
force  air  out  ©f  this  apparatus  into  the  tube,  a  wooden 
cylinder  fitting  with  some  accuracy  is  thrust  down  the 
tube  E  D,  occasionally  pouring  more  mercury  in  at  £ 
to  supply  the  place  of  that  which  is  forced  into  the 
bulb  C.  Upon  completing  the  experiment  the  instru- 
ment is  again  weighed*  The  gain  of  weight  is  due  to 
the  mercury  introduced,  and  hence  the  volume  of 
mercury  introduced  may  be  calculated,  and  is  equal  to 
the  volume  of  air  which  has  been  transferred  to  the 
tube  A,  in  fig.  87.  The  diameter  of  the  bore  of  the 
tube  A,  fig.  87j  was  usually  about  -r^tjth  of  an  inch, 
and  the  column  of  air  occupying  the  bend  of  the  tube 
was  from  |  to  Jths  of  an  inch. 

In  order  to  pass  an  electric  spark  through  this  tube, 
it  was  found  advisable  not  to  make  a  communication 
between  one  end  of  the  tube  and  a  conductor,  but  to 
place  an  insulated  ball  at  such  a  distance  from  the 
conductor  as  to  receive  a  spark  from  it,  and  to  make 
a  comniunication  between  that  ball  and  the  mercury 
in  one  of  the  glasses,  w^hile  the  mercury  in  the  other 
glass  communicated  freely  with  the  ground. 

The  passage  of  the  spark  through  common  air  in 
contact  with  water  coloured  by  litmus,  produced  a  red 
tint  in  the  coloured  liquor  as  in  Priestley's  experiments. 
By  confining  lime  water  in  the  tube  instead  of  litmus, 
and  by  continuing  the  spark  until  no  further  diminution 
was  produced  in  the  included  air,  no  cloudiness  was 
perceptible  in  the  lime  water,  and  the  diminution  of 
volume  amounting  to  one-third  of  the  origintil  bulk, 
was  more  than  could  have  taken  place  from  the  effect 
of  deoxidatioji  alone,  which  would  have  only  dimi- 
nished the  volume  by  abput  one-fifth. 

By  a  repetition  of  this  experiment  with  some  im- 
pure oxygen  gas,  a  very  considerable  diminution  was 
produced,  but  no  cloudiness  In  the  lime  water,  neither 
could  any  cloud  be  perceived  upon  adding  to  it  a  little 
carbonic  acid  gas ;  but  on  adding  a  little  caustic 
ammonia  a  brown  precipitate  was  apparent. 

From  these  experiments  it  is   clear,  that  the  lime 

water  was  saturated  %  some  acid  formed  in  the  process, 

for  the  addition  of  carbonic  acid  produced  at  first  no 

precipitation  of  carbonate  of  lime  j  and  yet,  when  by 
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Praetical    the  addition  of  ammonia,  the  free  acids  were  saturated^ 

Electricity,  the   carbonate  of  lime  was  precipitated.     Tho  brown 

^•^^v"—^  colour  of  th^  precipitate  is  supposed  to  have  arisen 

from  some  contamination  of  mercury  obtained  during 

the  process. 

Having  confined  in  the  tube  some  of  the  same  im- 
pure oxygen  in  contact  with  soap  lees,  the  diminution 
proceeded  rather  faster  than  when  lime  water  had 
been  present ;  thus  it  appeared  that  the  greater  streng'tb 
of  the  alkaline  lixivium  rendered  it  more  proper  than 
lime  water  for  absorbing  and  examining  the  acid  pro- 
duced. Mr.  Cavendish  then  ascertained,  that  when 
pure  oxygen  was  employed  no  absorption  was  effected, 
neither  was  there  any  when  pure  azote  was  enclosed  in 
the  tube  ^  but  that  when  five  parts  by  volume  of  pure 
oxygen  were  mixed  with  three  of  common  air,  an 
absorption  almost  total  took  place,  Considering 
common  air  to  contain  about  one  part  of  oxygen  and 
four  parts  of  azotic  gas,  it  follow  s  that  the  mixture  of 
five  parts  of  oxygen  gas  and  three  of  common  air  w^as 
equivalent  to  seveu  parts  of  oxygen  gas  and  three  of 
azotic  gas. 

Having  proceeded  thus  fur,  Mr,  Cavendish  supplied 
the  interior  of  the  tube  with  a  small  quantity  of  the 
alkaline  Iceland  then  introduced  sonje  of  the  gas  mixed 
in  the  proportion  last  mentioned.  Ey  a  current  of 
eparka  diminution  of  the  air  kept  taking  place,  and 
fresh  gas  was  admitted  when  necessary.  At  length 
no  further  diminution  seemed  to  be  produced,  and 
then  a  httle  pure  oxygen  gas,  and  afterwards  a  small 
quantity  of  common  air  were  added,  in  order  to  try 
whether  tbe  cessation  of  absorption  depended  u])onany 
failure  in  the  due  proportions  of  the  two  elements. 
This  not  apjjeQring  to  be  the  case,  the  alkaline  lixivium 
was  separated  from  the  mercury,  and  proved  to  have 
become  perfectly  neutral  by  producing  no  change  in 
the  colour  of  litmus.  By  evaporation  to  dryness  a  salt 
was  obtained  which  had  the  properties  of  nitre. 

Mr,  Cavendish  subsequently  repeated  this  experi- 
ment on  a  much  more  extensive  scale,  and  proved 
incantestably,  that  the  alkaline  lixivium  was  converted 
into  a  solution  of  nitre,  that,  therefore,  nitric  acid  had 
been  formed  during  the  process,  anil  hence  that  nitric 
acid  is  composed  of  the  oxygen  and  azotic  gases. 
Van  Ma-  (168.)  In  the  order  of  time  it  will  be  necessary  for 

rumj&c.  us  next  to  advert  to  the  experiments  of  Van  Marum^ 
Van  Troostwyek,  &c,  made  with  the  great  Tcylerian 
machine  at  Haerlem.  For  observing  the  effect  pro- 
duced by  transmitting  the  electric  spark  through 
different  gases^  a  cylindrical  glass  receiver  was  em- 
ployed, 5  inches  in  length  and  li  in  diameter.  This 
receiver  was  inverted,  aud  a  ball  and  wire  were  affixed 
by  passing  the  wire  through  a  hole  made  in  the  bottom. 
By  this  contrivance  a  quantity  of  any  gas  could  be 
confined  over  water  or  mercury;  and  by  bringing  the 
ball  near  to  the  prime  conductor  of  the  machine  a 
spark  would  be  received,  which  must  escape  by  passing 
from  the  end  of  the  wire  within  the  receiver,  through 
the  confined  gas,  to  the  mercury  or  water  over  which 
the  vessel  is  supposed  to  stand.  With  this  instrument 
it  appeared,  that  oxygen  gas  obtained  from  red  preci- 
pitate underwent  a  diminution  equivalent  to  -^th  its 
original  volume,  and  that  the  properties  of  the  quan- 
tity remaining  were  not  altered.  On  pouring  out  this 
lur,  tbe  peculiar  smell  which  electricity  frequently 
elicits  was  very  perceptible. 
Nitroud  gas  was  diminished  to  less  than  lialf  its 


original  volume,  and  being  then  mixed  with  atmos- 
pheric air,  no  red  fumes  appeared,  neither  was  there 
any  condensation.  Its  usual  smell  was  lost,  and  it 
would  not  support  combustion.  'Jlic  surface  of  the 
mercury  was  covered  with  a  sort  of  powder,  containing 
a  new  combination  formed  from  that  metal. 

Hydrogen  obtained  from  the  action  of  dilute  sul- 
phuric acid  upon  iron,  underwent  no  diminution,  but 
rommunicated  a  slight  redness  to  tinclure  of  turnsoL 
This  probably  arose  from  a  slight  degree  of  impurity 
from  admixture  of  common  air  with  the  hydrogen. 

defiant  gas  obtained  from  spirit  of  wine  and  sul- 
phuric acid,  increased  to  about  three  times  its  ongin;^ 
volume,  and  lost  in  some  degree  its  inflammability. 

Sulphurous  acid  gas  olitained  from  sulphuric  acid 
and  charcoal  was  diminished  a  little,  and  black  spots 
were  formed  on  the  inside  of  the  glass  receiver.  After- 
wards it  was  observed  that  only  ^th  of  the  elect rifiecl 
elastic  fluid  was  absorbed  by  water.  It  extinguished  ^^ 
a  candle  and  had  very  little  smell.  ^H 

Muriaticacid  gas  seemed  ina  great  measure  to  oppose  ^H 
the  passage  of  the  electric  Buid,  since  the  sparks  would 
not  pass  through  a  greater  length  than  ^-^^  inches  of 
this  air.     Considerable  diminution  was  produced,  but 
the  remainder  was  readily  absorbed  by  water. 

Carbonic  acid  gas  liberated  from  chalk  by  sulphuric 
acid,  was  a  little  increased  in  volume  and  rendered 
less  absorbable  by  water. 

Fluoric  acid  gas  was  not  diminished,  nor  did  it 
undergo  any  sensible  alteration. 

Gaseous  ammonia  was  at  first  abnost  dotdjlcd  in 
bulk,  and  then  underwent  slight  diminution.  It  became 
Tinabsorbable  by  water,  and  by  the  contiict  of  fliimc 
it  exploded,  like  a  mixture  of  inflammable  air  w  itb  a 
good  deal  of  common  air. 

Lastly,  common  air  was  tried,  and  it  was  found  to 
give  a  slight  redness  to  the  tincture  of  tumsol,  be- 
coming ai  the  same  time  sensibly  deoxigenated.  The 
experiment  was  repeated  thrice  at  different  times,  and 
was  examined  each  time  after  the  electrization^  by  the 
admixture  of  nitrous  air  in  Fontana's  eudiometer, and 
compared  with  the  same  air  not  electrified,  the  latter 
always  suffering  the  greatest  diminution.  In  the  first 
experiment  the  diminutions  were  i^l  and  ^^  ;  in  the 
second  Ut  ^"^^  ^'5  ;  and  in  the  last  i^^  and^i^, 
(CavaUo,  vol.  i.  p-  282.) 

In  attempting  to  repeat  Mn  Cavendish's  experiment 
on  the  production  of  nitric  acid,  by  electrifying  a 
mixture  of  the  azotic  and  oxygen  gases.  Van  Marura 
made  use  of  a  glass  tube  |th  of  an  inch  in  diameter  j 
into  the  closed  end  of  which  an  iron  wire  xVoth  of  an 
inch  in  diameter  was  uJTixed  j  this  tube  having  beea 
filled  with  mercury  was  inverted  over  that  fluid  and 
placed  in  a  vertical  position,  after  which  tlie  oir  to  be' 
operated  upon  was  introduced.  The  oxygen  gas  was 
obtained  from  red  oxide  of  mereur)^  aud  carefully 
purified  by  alkali  from  any  acid  vapour  with  ivhich  it 
might  be  contaminated.  With  five  parts  of  this  gas 
three  of  common  air  were  mixed,  and  a  quantity  intro- 
duced wliich  occupied  three  inchesin  length  of  the  tube. 
To  this  there  was  added  -rVths  of  an  inch  of  alkaline 
lixivium,  such  as  employed  by  Mr,  Cavendish.  By  a 
current  of  electric  sparks' transmitted  through  the  tube 
for  fifteen  minutes,  two  inches  of  the  gaseous  mixture 
were  absorbed  by  the  lixivium.  By  further  addition 
of  the  mixed  gas,  and  continuation  of  the  process,  8|- 
inches  of  air  were  absorbed.    The  lixivium  proved  to 


liave  become  impregnated  with  nitric  acid,  but  not  to 
saturation.  With  the  same  lixivium  the  experiment 
was  resumed,  and  14  inches  more  of  air  were  absorbed; 
and  the  rale  of  diminution  did  not  seem  to  decrease 
although  the  lixivium  had  now  absorbed  seventy-seven 
times  its  own  volume  of  gas>  whereas  in  Mr,  Caven- 
dish's experiment  only  thirty-eight  measures  of  the 
air  bad  been  taken  up- 

In   a  similar   experiment   made  with  oxygen  gas 

ftained  from  mioiunij  the  alkaline  liquor  was  made  to 
libaorb  178  times  its  own  volume  of  gas  without  seem- 
bg  to  have  approached  toward  the  point  of  saturation. 

Dr.  V*an  Mariim  then  wrote  to  Mr,  Cavendish  on  the 
subject,  and  was  informed  that  the  oxygen  gas  em- 
ployed had  been  obtained  from  ''^a  black  powder 
produced  by  shaking  mercury  with  lead."  On  asub- 
Betjuent  application  for  further  informatioUj  a  misun- 
derstanding arose  on  the  part  of  VanMarum  who  sup- 
posed that  Mr,  Cavendish  had  endeavoured  to  conceal 
the  process  for  obtaining  this  oxygen;  and  Cavendish 
to  prove  that  he  had  made  no  secret  of  the  matter, 
published  the  letter  which  he  had  previously  sent  to 
Van  Marum. 

Proceeding  with  the  researches  of  Van  Marum,  we 
learn  that  oxygen  gas  obtained  from  red  oxide  of 
mercury,  and  had  been  kept  a  week,  underwent  a 
diminution  of  4ih  by  the  application  of  electricity  for 
thirty  minutes.  The  surface  of  the  mercury  became 
oxidated,  and  it  would  appear  that  combination  took 
place  between  the  vapour  of  mercury  in  the  tube  and 
the  oxygen  j  for  towards  the  end  of  ihe  experiment  the 
glass  tube  was  so  coated  with  oxide  as  to  have  ceased 
to  be  transparent.  By  contintng  some  of  the  same  gas 
over  water,  and  thus  acting  upon  it,  a  diminution  was 
here  also  obtained.  The  cause  of  this  was  not  satis- 
factortJy  investigated,  but  in  all  probability  it  %va3 
owing  to  tne  ubtsorption  of  gas  by  the  water. 

It  does  not  appear  that  pure  azotic  gas  electrified 
alone  and  then  in  contact  with  alkaline  lixivium,  un- 
derwent any  permanent  alteration. 

Nitrous  gas  confined  by  lixivium,  being  electrified 
during  half  an  hour,  lost  iths  of  its  volume  j  thelixivium 
appeared  to  have  absorbed  a  great  quantity  of  nitric 
add  ;  and  the  gas  remaining  in  the  tube  did  not  seem 
to  differ  from  common  azotic  gas.  Some  of  the  same 
nitrous  gas,  confined  by  lixivium,  was,  by  standing 
three  weeks,  diminished  to  half  its  volume,  and  this 
residuum  also  proved  to  be  azotic  gas. 

Hydrogen  gas  confined  by  infusion  of  turnsol,  was 
electrified  for  ten  minutes  without  producing  change 
of  colour  in  the  infusion  or  diminution  in  the  gas. 

Three  inches  of  ok fi ant  gas,  by  fifteen  minutes'  ap- 
phcation  of  electricity  expanded  to  ten  inches.  It  had 
then  lost  its  inflammability,  and  upon  the  addition  of 
nitrous  gas  no  diminution  ensued. 

A  column  of  ammoniaf^al  gas  three  inches  in  length 
expanded  to  six  inches  in  four  minutes,  but  l»y  a  con- 

luation  of  electricity  for  ten  minutes  longer,  no 
fbrther  increase  took  place.  Water  w^ould  no  lonerer 
absorb  this  air,  which  had  now  become  slightly  In- 
flammable. 

The  following  singular  experiment  is  also  described : 

two  balloons  made  of  the  allantoid  membrane  of  a 

tlf,  were  filled  with  hydrogen  gas,   of  which   each 

ntaincd  about  two  cubic  feet.     To  each  of  these  was 
pended  by  a  silken  ihrciul  about  eitiihi  feet  long  a 
weight,  just  sufficient  to  keep  it  stationary  at  a  certain 


height  in  the  air  The  balloons  w^ere  connected,  the  one  Chap,  vr, 
w^ith  the  positive,  the  other  with  the  negative  con-  ^*--^/-*^ 
d  uctor,  by  small  wires  about  30  feet  in  length  ;  and  being 
kept  nearly  '^Ofeet  asunder,  were  placed  as  far  from  the 
machine  as  the  length  of  the  wires  would  admit.  On 
being  electrilied  these  balloons  rose  up  in  the  air  as  high 
as  the  wires  allowed,  then  attracted  each  other,  and 
uniting  as  it  were  into  one  cloud,  gently  descended/' 

(169.)  M.  Achard  wishing  to  ascertain  what  effect  M.  AchardL 
would  be  produced  on  air  electrified  without  sparks, 
filled  a  Leyden  Hask  w^ith  air,  (the  degree  of  o\ige- 
nation  of  which  he  had  previously  ascertained  by  an  , 
eudiometer,)  and  electrified  it  as  strongly  as  possible  : 
he  then  let  it  stand  a  few  hours,  and  examined  the  air 
again.  Neither  contraction  nor  dilatation  had  taken 
plate  'f  and  the  same  result  was  obtained  even  when 
he  had  exposed  the  jar  to  abundance  of  sparks.  The 
quality  of  the  air  had  not  been  changed  by  the  mere 
presence  of  the  electricity. 

He  then  by  a  careful  repetition  verified  Franklin's 
experiment,  by  which  it  appeared  that  the  quantity  of 
air  in  a  jar  was  neither  increased  nor  diminished  by 
the  introduction  of  a  charge  of  either  positive  or  nega- 
tive electricity.  The  rarefaction  of  air  produced  in 
Kinnersley's  air  thermometer,  (31,)  is  an  expansion 
solely  due  to  the  increase  of  temperature  from  the 
passage  of  the  sparks  through  a  resisting  medium. 

(170.)  The  experiments  of  Priestley  on  the  reduc-  SynthesU 
tion  of  the  metidlic  oxides  by  heating  them  in  hydro-  of  water* 
gen,  are  frequently  supposed  to  have  led  to  the  know- 
ledge of  the  compound  nature  of  water.  In  this^ 
however,  as  in  many  similar  eases,  the  general  pro- 
gress of  science  was  such,  that  this  important  discovery 
seems  almost  to  have  been  made  in  several  places 
about  the  same  time.  About  the  latter  end  of  1776^ 
Macquer  attempted  to  ascertain  whether  any  carbo- 
naceous matter  were  produced  in  the  combustion  of 
hydrogen  ga?,  by  holding  a  china  saucer  over  the 
flame-  He  found  however  only  some  drops  of  water  npoa 
the  surface  of  the  saucer.  WI^I,  Bucquetand  Ijavoisier 
in  September  1777,  wishing  to  learn  whether  carbonic 
acid  could  be  produced  by  the  combustion  of  hydro- 
gen, fired  five  or  six  pints  of  this  gas  in  a  wide  mouthed 
bottle,  at  the  same  instant  pouring  in  two  ounces  of 
lime  water.  There  was  no  carbonic  acid,  and  the  pro- 
cess was  such  that  the  water  produced  escaped  unno- 
ticed. In  1781,  after  some  attempts  mode  by  Mr* 
Warhirc  aiitl  l)r,  Priestley,  who  fired  mixtures  of 
common  air  and  hydrogen  in  close  vessels,  and  re- 
marked an  appearance  of  dew  on  the  inner  surfaces; 
the  complete  and  satisfactory  synthesis  of  water  was 
performed  by  Mr  Cavendish,  to  whom  the  honour  of 
this  discovery  is  generally  and  jnstly  ascribed  5  al- 
though  it  a]>pears  that  Mr.  Watt,  who  had  reasoned 
upon  Priestley's  experiments,  had  arrived  at  a  similar 
conclusion,  which  he  commnnicated  to  Dr  Priestley 
by  letter,  dated  April  ^G,  17B3.  Mr.  Cavendish,  in  1781, 
burned  500,000  gmin  measures  of  hydrogen^  and 
having  collected  135  grains  of  pure  waterj  ventured 
upon  the  bold  conclusion^  that  water  was  compounded 
of  the  two  gases,  oxygen  and  hydrogen.  The  cele- 
brated Lavoisier  having  had  a  different  object  in  view, 
though  he  made  many  experiments  on  tliese  substances, 
did  not  arrive  at  the  true  composition  of  water,  until 
he  was  informed  by  Sir  Charles  Blagdcn  of  Mr.  Ca- 
vendish's rcsultj  which  he  immediately  verified  upon 
a  large  scale. 
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Practiciil  The  Journal  de  Phyttqm  for  1789,  contains  an  ac- 
ElectHcity,  eount  of  the  discovery  of  the  decompositton  of  water 
^^^^'^^^^^  by  electricity,  made  and  communicated  by  three  asso- 
wate'r*^  ^^  ciated  Dutch  chemists,  Messrs. Paets,  Van  Troostwyck, 
and  Dieman-  They  set  out  by  reasoning  upon  the 
theories  which  then  agitated  the  chemical  world 
respecting  the  constitution  of  w^atcr,  and  either  inad- 
vertently or  disingenuously  attribute  the  knowledge 
of  its  syntheais  to  Lavoisier  and  the  French  chemists. 
They  proceed  to  state  that  ^'  being  employed  w^itU  Mr 
Cuthbertson  in  nn  investigation  of  the  effects  of  elec- 
tric shocks  on  different  substances,  they  had  the  curi- 
osity to  observe  its  effect  upon  water  also.  For  this 
purpose  they  filled  a  tube  of  tth  of  an  inch  in  diameter, 
and  a  foot  in  length,  with  distilled  water.  One  extre- 
iBJty  of  the  tube  was  hermetically  sealed,  and  a  gohl 
wire  was  closed  in  it,  which  projected  an  inch  and  a 
half  within  the  tube.  The  other  extremity  of  the  tube 
was  immersed  in  a  small  glass  vessel  full  of  distilled 
water,  and  another  wire  passed  through  this  aperture 
and  went  up  into  the  tube  so  as  to  be  ^ths  of  an  inch 
distant  from  the  first  mentioned  wire.  In  order  to 
transmit  the  electric  shock,  so  that  it  should  pass 
through  the  water  contained  in  the  tube,  "between  the 
extremities  of  the  two  wires,  the  closed  end  of  the 
tube  was  placed  against  a  copper  ball  standing  insu- 
lated at  some  distance  from  the  prime  conductor  of 
the  machine  ;  and  a  communication  was  made  from 
the  extremity  of  the  wire  which  stood  in  the  vessel 
full  of  water,  to  the  outside  of  a  Lcyden  jar,  having 
one  square  foot  of  coated  surface,  and  whose  knob 
communicated  with  the  prime  conductor.  The  elec- 
trical machine  employed  was  a  very  powerful  double 
plate  one,  on  the  Teylcrian  construction,  causing  the 
jar  described  to  discharge  itself  twenty-five  times  in 
fifteen  revolutions.  By  a  series  of  shocks  with  this 
apparatus,  decomposition  was  effected,  and  the  upper 
part  of  the  tube  was  speedily  filled  with  gas.  As  soon 
however  as  the  electrical  discharge  passed  through 
any  portion  of  this  gas,  a  re-union  instantly  took 
place,  water  was  formed,  and  there  remained  only  a 
Amall  f|uantity  of  air  which  did  not  entirely  disappear; 
and  u|>on  repeated  trials  it  was  found  that  a  fresh 
discharge  passed  through  this  residuum  would  pro- 
duce further  combination,  and  thus  the  volume  of  gas 
remaining.,  though  never  entirely  reeombined,  become 
<>^ly  iVth  of  that  volume  originally  produced  by  the 
decomposition. 

These  experimentalists  concluded,  that  the  gas  pro- 
duced by  the  electrical  discharges,  was  a  mixture  of 
oxygen  and  hydrogen  from  decomposed  water ; 

^  Ist,  Because  no  other  gas  then  known  would  instantly 
disappear  on  passing  an  electric  spark  through  it;  and 
^dly,  'J 'hat  the  rases  obtained  must  have  been  oxygen 
and  hydrogen,  from  the  decomposition  of  the  water, 
because  they  were  in  such  proportions  that  their  re- 
combination produced  water  ;  the  small  gaseous  resi- 
duum being  probably  a  portion  of  air  previously 
held  in  a  atate  of  mechanical  admixture  with  the 
water. 

They  found  that  liquids  which  were  compounded  of 
other  elements  beside  hydrogen  and  oxygen,  such  as 
sulphuric  and  nitric  acids,  afforded  gas  by  the  action 
of  electric  discharges,  but  such  that  it  did  not  again 
disappear  upon  passing  an  electric  &park  through  it ; 
but  was  condensed  by  the  addition  of  nitrous  gas  over 
water.  Hence  it  would  appear  that  oxygen  gas  had 


been  evolved  by  the  partial  deoxidation  of  the  bases   CI 
of  these  acids*  ^-— • 

(171*)  The  experiments  last  recited,  were  carefully 
repeated  by  I>r,  Pearson,  He  first  states  that  the  de-  Dr, 
composition  of  water  by  electricity  may  be  effected  by  ^^^* 
what  he  calls  the   interrupted  explosion,  employed  by 
the  Dutch  chemists,  or  by  the  uninterrupted  or  com" 
ph'ie  explo'sion* 

For  the  success  of  the  former  process.  Dr.  Pearson 
considers  it  necessary  that  the  machine  should  be  of 
considerable  power,  and  prefers  a  plate  machine  to 
one  made  with  a  cylinder.  The  jar  should  have  150  H 
or  16^)  square  inches  of  coated  surface  -,  and  the  dis-  " 
tance  between  the  insulated  ball  and  the  prime  con- 
ductor mu^t  always  be  less  than  the  distance  between 
the  extremities  of  the  wires*  The  distance  between  the 
extremities  of  the  upper  and  under  wire,  which  seemed 
to  answer  best  with  the  power  already  described,  was 
from4th3  to  %ths  of  an  inch.  The  djaineter  of  the  upper 
wire  cannot  be  too  small,  and  the  diameter  of  the 
tube  should  not  be  more  than  |th  nor  less  than  T^tli 
of  an  inch*  The  apparatus  employed  by  Dr.  Pearsoa 
for  the  other  process,  is  described  in  his  memoir  on 
the  subject. 

On  the  whole,  bis  experiments  led  him  to  conclude 
that  the  mere  concussion  of  the  electric  discharges, 
appears  to  extricate  not  only  the  air  mechanically  com- 
bined with  water,  and  separable  by  boiling  and  the 
air  pump,  but  also  a  further  portion  upon  which  these 
two  processes  have  no  effect.  The  quantity  of  this  air 
differed  greatly  in  several  specimens  of  water  operated 
upon  J  but  in  all  cases,  though  varying  in  purity  at 
different  periods  of  the  process,  it  seemed  to  consist  of 
a  mixture  of  oxygen  and  nitrogen,  such  as  is  found  to 
constitute  our  atmosphere. 

After  this  air,  which  is  supposed  to  exist  unchanged 
in  a  state  of  admixture  with  the  water,  hns  Wen  removed 
hy  the  first  application  of  the  discharges,  the  true  de- 
composition of  the  water  by  the  se|)aration  of  its  two 
gaseous  elements  commences,  and  the  following  are 
the  properties  of  the  mixed  gas  produced.  Immediate 
condensation  by  the  transmission  of  an  electric  spark, 
with  the  reproduction  of  water.  The  addition  of  some 
nitrous  gas  produced  an  immediate  absorption,  pro- 
bably from  the  formation  and  solution  of  nitric  acid. 

To  the  quantity  remaining  after  the  oxygen  had 
been  saturated  by  nitrous  gas,  a  fresh  portion  of  oxy- 
gen was  added,  and  upon  passing  an  electric  spark 
through  a  quantity  of  this  mixture  well  dried,  imme- 
diate condensation  with  deposition  of  moisture  was 
produced*  Several  other  ingenious  experiments  tend- 
ing to  confirm  the  opinions  which  these  admirable 
researches  had  induced,  will  be  found  by  a  reference 
to  the  paper  from  which  these  leading  facts  are 
extracted.  , 

(17^.)  In  all  these  cxperimeots  we  have  seen,  ^^^^^L 
to  effect  the  decomposition  of  water,  it  was  necessary  **»« 
to  employ  a  succession  of  discharges  from  a  coated 
surface,  and  that  a  series  of  spnrks  m  they  had  hitherto 
been  applied,  was  from  some  cause  or  other  incapable 
of  producing  a  similar  effect. 

This  anomaly,  if  such  it  can  be  considered,  was  re- 
moved by  Dr.  WoUaston  in  the  year  ISOl.  This  most 
accurate  philosopher,  who  seems  to  possess  a  peculiar 
power  of  jystly  estimating  the  relative  magnitudes  of 
cause  and  effect,  and  of  compelling  their  mutual  adap- 
tation ^  together  with  a  skill  in  all   manipulations 


ELECTRICITY.  HI 

I  confessedly   not  surpsissed,   and   rarely  equalled  by  itiediuin  of  coninmnication  througli  water,  I  found  that  Chiip.  VL 

y*  any»  g^lves  the  following  account  of  his  process  :  the  mere  current  of  electricity  would  occasion  a  stream  ^ 

^     '*  It  has  been  thoug-ht  necessary  for  the  decompo-  of  very  small  bubbles  to  rise  from  the  extremity  of  the 

sttion  of  water  to  employ  powerful  machines  and  large  gold,  although  the  wire  by  which  it  communicated 

Leyden  jars  ;  but  when  I  considered  that  the  deconi-  with  the  positive  or  negative  conductor,  was  placed  in 

position   must  depend  npon  duly  proportioning' the  absolute  contact  with  them.     Hence  it  appears  that 

strength  of  the  charge  of  electricity  to  the  quiuitity  of  decomposition  of  water  may  take  place  by  common 

w%ter,  and  that  the  quantity  exposed  to   its  action  at  electricity,  as  weU  as  by  the  electric  pile,  although  no 

the  surface  of  communication  depends  on  the  extent  discernible  sparks  are  produced.     The  appearance  of 

of  that  surface,  1  hoped  that  by  reducing  the  suHace  two  currents  of  air  may  also  be  imitated,  by  occBsiaa- 

of  communication,  the  decomposition  of  water  might  ing  the  electricity  to  pass  by  fine  points  of  commu- 

be  effected  by  smaller  machines,  and  with  a  less  pow-  nication  on  both  sides  of  the  w*ater ;    but  In  fact  the 

erful excitation,  than  have  hitherto  been  used  for  that  resemblance  is  not  complete  ;    for,  in  every  way  in 

purpose :  and  in  this  hope  I  have  not  been  disappointed*  which  I  have  tried  it,  I  obsenxd  that  each  wire  gave 

"  Having  procured  a  small  wire  of  fine  gold^  and  both  oxygen  and  hydrogen  gas,  instead  of  their  being 

givtn  it  as  6ne  a  point  as  I  could,  I  inserted  it  into  a  formed  separately,  as  by  the  electric  pile* 

capillary  glass  tube  \  and  after  heathig  the  tube  so  as  **  I  am  inclined  to  attribute  the  diSerence  in  this 

to  make  it  adhere  to  the  point  and  cover  it  in   every  respect,  to  the  greater  intensity  with  w  liich  it  is  neces- 

part,  I  gradually  ground  it  down  till,  with  a  pocket  sary  to  emjdoy  common  electricity  ;  for,  that  positive 

kB8^  I  could  discern  that  the  point  of  the  gold  was  and  negative  electricity  so  excited,  have  each  the  same 

exposed.  chemical  power  as  they  are  observed  to  have  in  the 

*'  The  9acce86  of  this  method  exceeded  ray  expec-  electric  pile,  may  be  ascertained  by  other  means/*  FldU 

tfttioas.     I  coated  several  wires  in  the  same  manner.  Trans,  iHOl,  p.  432. 

and  Icmnd  that  when  sparks  from  the  conductors  be-  (1*3.)  Before  we  finally  take  leave  of  gaseous  com- 
^ineDtioned  were  made  to  pass  through  water,  by  position  and  decomposition,  we  shall  Introduce  the 
of  a  point  so  guarded^  a  spark  passing  to  the  following  observations  and  table  from  Mr.  Singer, 
ttce  of  ^th  of  an  inch  would  decompose  water,  with  slight  numerical  corrections,  such  as  the  know- 
whea  the  point  ex[>osed  did  not  exceed  ^^th  of  an  ledge  of  the  present  time  may  afford, 
iach  in  diameter.  With  another  point,  which  I  esti-  '*  In  these  experiments  the  gases  are  usually  ex- 
mated  at  -n4Tnyth,  a  succession  of  sparks  ^^^ th  of  an  inch  posed  to  the  action  of  electricity  in  a  closed  tube  with 
in  length,  afforded  a  current  of  small  bubbles  of  air,  two  wires  piissing  through  its  sides  near  the  closed 
'*  I  have  since  found  that  the  same  apparatus  will  end  :  the  tube  is  filled  with  mercury,  and  inverted  in 
decompose  water,  with  a  wire -^^h  of  an  inch  diameter  a  vessel  of  the  same  fluid,  and  the  gas  being  then 
coated  in  the  manner  before  described,  if  the  spark  introduced  until  it  presses  the  mercury  below  the 
from  the  prime  conductor  passes  to  the  distance  of  wires*  sparks  arc  passed  between  them  until  the 
■fgih^  of  an  inch  of  air.  required  change  is  produced  j  witb  mixtures  of  in^ 
*'  In  ui4»r  to  try  how  far  the  strength  of  the  elec-  flammable  gases  and  oxygen,  the  first  spark  usually 
Iric  spark  might  be  re.l viced  by  proportional  diminu*  produces  the  change,  but  with  other  mixtures  it  is 
tion  of  the  extremity  of  the  wire,  1  passed  a  solution  sometimefi  necessary  to  continue  the  current  of  sparks 
of  gold  through  a  capillary  tube,  and  by  heating  the  for  hours. 

tube  exftelled  the  acid.    There  remained  a  thin  film  of  '*  When  figures  are  prefixed  to  the  gas  or  to  the 

^d,  lining  the  inner   surface  of  the  tube,  which  by  result  in  the  following  table,  they  indicate  the  pro- 

meltiog  the  tube  was  converted  into  a  very  fine  thread  porttonal  measures  employed  or  produced.     The  use 

of  gold,  through  the  substance  of  the  glass.  of    different  proportions  will  frequently   occafeion  a 

•*  When  the  extremity  of  this  thread  was  made  the  variation  in  the  result ; 

Mised  Gasa.  Result. 

Atmospheric  air  and  hydrogen Water  and  nitrogen. 

lOO  Oxj'gen  and  2CP0  hydrogen Water. 

IGO  Chlorine,  100  hydrogen   ^OO  muriatic  acid  gas. 

Muriatic  acid  gas  and  oxygen. ,  , , Chlorine,  (and  water?) 

Carbonic  oxide  and  oxygen •  , » Carbonic  acid. 

Kitrogen  and  oxygen Nitric  acid. 

Sulphurous  acid  and  oxygen    Sulphuric  acid. 

Phosphuretted  hydrogen  and  oxygen Water  and  phosphoric  acid. 

Sulphuretted  hydrogen  and  oxygen. Water  and  sulphurous  acid, 

150  Oxygen  and  ^<x>  aoimonia Water  and  l«X>  nitrogen. 

100  Olefiant  gas  and  264  oxygen     Carbonic  acid  and  water. 

100  Olefiant  gas  and  100  oxygen     Carbonic  oxide  atid  hydrogen. 

100  Carbu retted  hydrogen  and  100  oxygen    ....  Carbonic  oxide  and  hydrogen. 
100  Carburelted  hydrogen  and  ^00  oxygen  , . .» Carbonic  acid  (and  water  ?) 

Compound  Gases,  Result, 

FluS\c^t:.:::;:::::::::;:::;::::::::::I!jt^^^^ 

Nitrous  gas    >j  i  trie  acid  and  nitrogen. 

Carbomc  acid    ,•,,. Carbonic  oxide  and  oxygen. 
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PrmctScil  Compound  GnseSs  Remit,  d 

Electricity.  kxj  Sulphuretted  hydrogen ...  * Sulphur  and  100  hydrog^en.  v— 

UX)  Phosphuretted  hydrogen PhosphoruB  and  loi)  hyVlrogen. 

100  Ammoiiia 150  Hydrogcii  and  60  nitrogen* 

100  Olcfiant  gJis Carbon  and  200  hydrogen. 

100  Carburetted  hydrogen  Carbon  and  '200  hydrogen. 

With  some  of  these  results  we  do  not  feci  perfectly  tube,  inserting  the  conducting  uires  into  a  cork  at 

satisfied,  but  the  more  minute  investigation  of  this  each  end  of  the  tube.     This  apparatus  is  then  to  be 

point  is  in  the  province  of  the  chemist  rather  than  in  placed  upon  the  table  of  the  universal  discharger,  and 

that  of  the  electrician.  repeated  shocks  are  to  be  passed  through  the  column 

"  These  various  effects  produced  by  the  same  agency  of  oxide  until  its  partial  or  total  reduction  is  effected, 
scarcely  appear  susceptible  of  any  other  explanation         (175.)  The   increased   rapidity  with   which  putre-Pnt 

than  that  which  assumes  the  action  of  electricity  to  be  faction   commences   and   proceeds,   in  the  bodies  oftioc 

mechanical  j   and  even  on  this  assumption  they  are  not  animals  which  have  been  killed  by  electricity,  h^s  al- 

strictly  intelligible.     The   momentary  agitation   into  ready  been  noticed  in  a  preceding  section  of  this  chap- 

ivhich  the  various  medinms   are  thrown  by  the  action  ter,  (163.)  but  might  with  almost  equal  propriety  have 

of  the  spark,  might  he  considered  as  likely  to  promote  been  considered  in  its  relation  to  chemical  phenomena, 

a  new  arrangement  of  parts  ;  but,  admitting  this,  why  The  experiments  before   adduced  were  made  by  M. 

Bre  the  changes  instantaneous  in  some  instances  and  A  chard,  to  whom  we  are  indehted  also  for  the  fol- 

gradual  in  others  ?  and  by  what  inversion  of  principle  lowing  examination  of  another  process  strictly  che- 

is  the  same  impulse  that  unites  the  particles  of  bodies,  mical,    under  the    modification   which  electricity   is 

enabled  subsequently  to   separate   them  ?    These  are  capable  of  producing  ypon  it. 

questions  it  would  be  interesting  to  resolve  ;  but  there         A  handful  of  rye  which  had  been  brought  to  a  state  fet 

appears  no  clue  by  which  such  intricate  processes  can  €jf  fermentation  in  order  to  be  distilled,  was  divided  tioi 

be  at  present  analyzed.  The  chemist  myst  therefore  be  into  two  portions,  one  of  which  was  electrified.     Five 

content  to  avail  himself  of  the  practical   advantages  hours  after  it  had  undergone  this  processj  the  vinous 

they  afforded  to  his  art,  and  await  the  progress  of  dis-  fermentation   was  over  in  this  portion,  but  did  not 

covery  for  the  developenient  of  their  theoretical  rcla-  cease  in  that  which  had  not  been  electrified  until  eight 

tions."     Singer's  Electrkitif,  p.  2O0.  hours  had  elapsed.     M.  A  chard  repeated  the  experi- 

With  these  remarks  of  Mr.  Singer  we  are  in  some  ment  in  such  a  manner  as  to  send  a  number  of  strong 

degree  inclined  to   coincide,  but  at  the  same  time  we  sparks  through  a  quantity  of  rye^  instead  of  giving  to 

arc  disposed  to  attribute  these  singular  processes  more  it  a  sort  of  electrical  bath  j  and  with  the  exception  of 

to  molecular  polarity,  than  to  mechanical  agency.  That  one  case  only,  he  invariably  found  that  fermentation 

some  such  power  exists  in  connection  with  electricity,  was  accelerated  by  electricity. 

is  fully  proved  by  the  invariable  manner  in  which  all         (l/tj)  For  some  of  the  most  recent  exam  inationa  of 

elements  during  the  process  of  decomposition,  appear  the  chemical  effects  of  the  electricity  of  the  machine, 

at  one  or  other  of  the  wires  of  the  voltaic  or  electrical  we  must  again  be  indebted  to  J>**.  IV  oilaston's  paper  of 

circuit.  Thus  in  the  separation  of  the  gaseous  elements  1801.     tJf  the  deoxidating  power  of  negative  electri- 

of  water,  the  current  of  oxygen  always  issues  from  the  city  the  following  is  his  elegant  illustration  :  **  Having 

wire  which  affects  the  electroscope  with  positive  elec-  a  wire  of  line  silver  -rfirth  of  an  inch  in  diameter,  I 

tricity,  while  hydrogen  invariably  follows  the  contrary  coated  the  middle  of  it  for  two  or  three  inches  with 

rule.  The  same  unchangeable  tendencies  are  perceived  in  sealing  wax,  and  by  cutting  through  in  the  middle  of 

all  solid  and  liquid  bodies,  wherein  the  motions  of  the  the  wax,  exposed  a  section   of  the  wire.     The  two 

particles  can  be  made  apparent  to  our  senses  j   and  it  coated  extremities  of  the  wire  thus  divided,  were  im- 

can  scarcely  be  considered  too  hasty  a  generalization,  mersed  in  a  solution  of  sulphate  of  copper,  placed  in 

to  suppose  that  some  such  process  takes  place  with  an  electric  circuit  between  the  two  conductors  ;  and 

regard  to   the   molecules  of  matter,  w-hich  from  the  sparks  taken  at  -iVth  of  an  inch  distance,  were  passed 

peculiarity  of  their  physiciil  condition   exist    in    the  by  means  of  them  through  the  solution.     After  lOO 

gaseous  state  j    though  these  are  not  the  objects  of  turns  of  the  machine,  the  wire  which  communicated 

our  vision.  with  what  is  called  the  negative  conductor,  had  a  pre- 

With  regard  to  those  cases  in  which  electricity  ma-  cipitate  formed  upon  its  surface^  which  upon  being 

nifcsts  a  power  of  disuniting  the  elements  of  a  com-  burnished  was  evidently   copper  j    but  the   opposite 

pound  body  j   and  also,  if  the  same  elements  inraecha-  %vire  had  no  such  coating.    Upon  reversing  the  direc* 

nical,  but  not  in  chemical  combination,  be  submitted  tlon  of  the  current  of  electricity,  the  order  of  the  pbe- 

to  its  influence,  of  promoting  their  union  j  we  might  nomena  was  of  course  reversed  ;    the  copper  being 

easily  adduce  nntUogous  facts,  wherein  feeble  chemical  shortly   redissolved    by   oaalstance    of  the    oxidating 

affinities  have  their  resultant  force  absolutely  reversed  power  of  positive  electricity,  and  a  similar  precipitate 

by  incidental  changes  in  quantity  or  temperature.  formed  upon  the  opposite  wire." 
Oaddation         (1/4.)  The  reasons  which  have  induced  us  to  refer         Similar  results  were  obtained  from  gold  wires,  and 

and  deoxi-  the  oxidation  of  metals  by  the  electric  discharge  to  a  a  solution  of  corrosive  subliniatc.     The  machine  em- 

dation,         subsequent  section,  are  already  before  our  readers,  ployed  was  a  cylinder  of  seven  inches  diameter,  having 

The  converse  property  of  deoxidation  w^as  known  to  a  conductor  on  each  side  16  inches  long  and  3|  inches 

many  of  the  early  electricians.     Beccaria  reduced  the  tUamcter,  each  fnrnished  with  a  sliding  electrometer 

oxides  of  zinc  and  mercury  to  the  metallic  state.  The  to  regulate  the  strength  of  the  spark  received  from 

most  convenient  process  to  be  employed  for  this  pur-  them, 
pose,  is  to  place  a  quantity  of  the  oxide  in  a  glass        Having  brought  forward  thia  instance  of  deoxidation 
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fcfy  negative  clectncity,  Dr,  Wollaston  shows  by  the 
>  folio winfi^  ejcperimeDt  upon  vegetable  colour,  the  oxi- 
^yW  dating  power  of  positive  electricity, 

"  A  card  being  coloured  with  a  strong  infusion  of 
litBQus,  1  passed  a  current  of  electric  sparks  along  it, 
hj  means  of  two  line  gold  points^  toutchiog  it  at  the 
distance  of  aa  inch  from  each  other.  The  effect  as  in 
other  cases  de^ieiiding  on  the  smallness  of  the  quantity 
of  water,  was  most  discernible  when  the  card  was 
nearly  dry.  In  this  state^  a  very  few  turns  of  the  ma- 
chine  were  sutEcient  to  occasion  a  redness  at  the  posi- 
K  tivc  wire  J  very  manifest  to  the  naked  eye.  The  negative 
0  wire  being  afterwards  placed  upon  the  same  spotj  soon 
restored  it  lo  its  original  blue  colour,' 

Cavendish,  Phil  Trans.  1784,  1785.  1783;  Van 
Morum,  Experwients  of  \7So,  XJBTm  Nicholson's  Jour. 
vol.  ii.  5  Troostwj'ck,  &c.  Jour,  de  Pfu/s.  1789,  or  Ca- 
vallo*s  Eleciricitij,  voL  iii.  p.  1G8  5  \*au  Alarum,  Eipe- 
rmmii  of  1795,  Nicholson's  Jour,  vol.  viii,  j  Pearson, 
FAil  Trans.  1*1)7  j  Saussvire,  Jour,  de  Ph^s.  1802  j 
WoUoston^  PftiL  Trans*  I8t>l  5  Achard,  Kicholson*s 
Journal,  vol.  iii.  ;  Cuthbertson,  Nicholson's  Journal, 
4to.  vol,  v.  p.  136,  or  Pravlical  Eledrkiitf,  p.  197  j 
Wollaston,  Phil.  Trans,  leiQl, 

{  V.  Effects  of  electricity  in  the  developemeni  of  light 
from  phoxphoresreni  bodies, 

(177.)  Of  that  electrical  affection  of  bodies  by 
which  light  is  developed,  we  have  already  given  some 
account  in  the  articles  from  (29,)  to  (41.)  inclusive,  and 
have  there  introduced  that  which  we  conceive  to  be 
the  most  probable  explanation  of  the  production  of 
the  light  which  usually  accompanies  an  electrical 
discharge  in  atmosplieric  air,  "V^'ere  we  acqyainted 
with  the  true  and  complete  solution  of  this  inter- 
ettra^  problem,  we  should  be  better  able  to  con* 
fine  the  rcMMi^rrhes  we  are  about  to  describCj  to  that 
specific  branch  of  our  subject,  to  which  we  suppose 
them  to  refer.  It  is  to  our  ignorance  of  the  real  na- 
ture of  light,  that  we  must  attribute  the  difficulty  we 
experience  in  attemptbig  to  draw  a  plain  line  of  dis- 
tinction between  the  subject  of  the  sections  already 
mentioned,  and  that  which  we  are  now  entering  upon. 
If  we  were  to  suppose  with  some,  that  light  is  a  sub- 
stantial fluid,  united  by  various  forces  of  attraction  to 
bodies,  in  which  it  is  capable  of  assuming  a  latent 
Itate,  we  might  consider  the  former  experiments  to 
relate  principally  to  %^arious  methods  of  exciting  its 
lensible  properties  in  any  given  substance  j  and  in  that 
case  the  present  series  may  comprehend  the  action  of 
tome  one  invariable  method  by  the  repeated  application 
of  which  different  effects  are  produced  upon  different 
ftabstances,  according  to  the  degrees  of  power  or  afh- 
nity  with  which  these  substances  are  able  to  absorb 
ihe  rays  of  the  luminous  principle  or  fluid. 

Why  should  an  cb-ctrical  spark  of  the  same  inten- 
Bity  be  of  different  colours  wlion  received  from  sub- 
stsinces  dissimilar  in  their  nature  ?  How  are  some 
"bodies  enabled  to  retain  for  a  time  a  luminous  appear- 
ance which  they  acquire  by  the  passage  of  an  elec- 
trical discharge  through  ihem^  while  others  do  not  so  ? 
Xf  a  flash  of  light,  produced  by  an  electrical  discharge 
in  the  presence  of  several  substances  Avbich  form  no 
part  of  the  circuit,  communicate  to  some  phospho- 
rescent properties,  and  to  others  not ;  and  where  light 
is  developed  the  colours  are  different  upon  different 
bodies  J  where  is  the  theory  of  light  sufficiently  ex- 
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tensive  to  give  a  complete  explanation  of  all  these  Chap*  VT, 
phenomena?  V*»-v"™^ 

(178*)  To  return  from  these  at  present  useless 
speculations,  which  depend  rather  upon  the  nature  of 
light,  than  upon  the  manner  of  eleetrical  action,  we 
propose  to  give  a  condensed  view  of  the  researches 
of  Mr.  Skrim shire,  wliich  fall  within  the  peculiar 
province  of  tliis  section. 

It  has  been  |)roved  by  Morgan,  that  there  is  no 
fluid,  nor  solid  body,  that  may  not  be  rendered  lumi- 
nous by  the  transniisbion  of  an  electrical  discharge 
through  its  substance;  and  that  the  difhculty  of  pro- 
ducing this  appearance  in  all  bodies  iocreases  as  the 
conducting  power  of  the  body  decreases.  Thus,  fluids 
confined  in  glass  tubers  into  which  metallic  wires 
passed  through  perforated  corks,  exhibited  this  ap- 
pearance by  the  transmission  of  a  charge  between 
the  extremities  of  the  wires  placed  at  a  small  distance 
from  each  other.  In  conseijuence  of  the  conducting 
power  of  the  metals,  it  was  necessary  to  reduce  the 
dimensions  of  the  channel  of  communication  very 
greatly  before  any  luminous  effects  could  be  produced  j 
of  this  we  have  already  mentioned  an  instance.  (37) 
In  different  slates  of  the  same  body,  the  ease  with 
which  light  was  developed,  increased  with  every 
diminution  of  density;  this  was  proved  with  ihe 
vapour  of  ether,  spirit  of  wine,  and  water.  The 
mineral  acids,  Mr.  Morgan  considered  good  conduc- 
tors J  for  he  found  that  to  obtain  a  luminous  dis- 
charge through  them,  it  was  nccessar)^  to  draw  a  line 
of  the  acid  upon  a  plate  of  glass  with  a  camel's  hair 
bru,'?h.  For  some  other  interesting  results  of  a  simi- 
lar nature,  we  can  only  refer  to  the  paper  published 
by  Mr.  Morgan.  {PhiL  Trans.  1785.) 

Mr.  Skrimshire's  experiments,  to  which  we  have  Phosplio- 
before  alluded,  were  performed  hj  placing  the  sub-  f*^sceuce. 
stance  to  be  tried,  upon  a  brass  plate  fixed  horizontally 
upon  the  ball  of  a  prime  condnctor  5  an  attempt  was 
then  made  to  obtain  a  spark  from  the  substance  by 
means  of  a  common  discharger.  The  body  was  next 
placed  upon  a  table  or  wooden  stand,  and  the  shock 
from  a  Lcyden  phial  first  passed  over  it,  about  a 
quarter,  or  half  an  inch  above  its  surface ;  and  then, 
lastly,  the  discharge  was  made  to  traverse  its  sur- 
face, by  resting  the  points  of  the  discharging  rods  at 
an  inch  or  more  distant  from  each  other  upon  the 
stone  to  be  tried.  In  all  these  experiments  it  was 
found  convenient  to  keep  the  eyes  closed  until  the 
sound  of  the  discharge  had  been  heard. 

Calcareous  hodiei 

Arc  all  more  or  less  phosphorescent  j  and  the  spark 
passed  along  the  surface  of  a  piece  of  rhombic  spar 
was  reflected  so  intensely,  as  to  illuminate  the  whole 
table  with  a  brilliant  white  light. 

Common  chalk  was  rendered  extrenocly  luminous 
by  pfl-:^ing  the  t;hock  ut  some  distance  above  it.  The 
fluid,  w ben  passed  along  the  surface,  left  a  vivid  zig- 
zag track  of  light  which  continued  several  minutes. 

Ketton  stone.  Next  to  chalk  in  excellence  j  by 
passing  the  shock  along  the  surface,  the  stone  was 
shattered,  and  luminous  fragments  were  dispersed  in 
all  directions. 

Crystal  of  sulphate  of  lime  produced  a  vivid 
greenish  light,  continuing  a  few  seconds  only. 

Fresh  crystallized  nitrate  of  lime  gave  sparks  of  a 
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Fractical    flame  red  colour;  but  did  not  pemmnently  reUia  tlie 
Siectricitf .  light. 

v^^^i<v^      Muriate  <d  lime  rather  more  phosphorescent  than 
the  nitrate. 

All  the  fluates  absorbed  the  light  freely ;  the  dark 
purple  spars  afforded  no  spark ;  but  allowed  the  dectm 
fluid  to  pass  in  a  purple  stream,  accompanied  with  a 
whizzing  noise,  whilst  a  yellowish  flour,  and  another 
with  a  greenish  tint,  which  were  phosphorescent  by 
faeat,  afforded  very  good  sparks. 

Canton* s  phosphorus  was  rendered  more  luminous 
by  the  electric  explosion  than  any  substance  hitherto 
tried. 

Phosphate  of  lime.  All  bones  became  luminous  by 
the  absorption  of  electric  light ;  the  enamel  of  the 
teeth  still  more  so.  Ivory,  very  phosphorescent  and 
easily  perforated  by  a  discharge. 

Fhosphuret  of  lime  gave  a  minute  red  spark,  and 
was  but  slightly  phosphorescent  upon  the  discharge 
being  made  above  it.  A  very  small  discharge  how- 
ever, if  passed  through  it,  was  found  sufficient  to 
determine  the  commencement  of  its  combustion. 

The  testacea,  lithophyta,  and  all  calcareous  fossils^ 
imbibed  the  electric  light  with  facility. 

Marbles,  lime-stones,  stalactites,  and  spars  were 
phosphorescent  3  calcined  oyster- shells  and  beleranites 
beautifully  so ;  and  yet  quick-lime,  fresh  from  the 
kiln,  ranked  among  the  least  phosphorescent  of  the 
calcareous  genus.  Skrimshire^  Nicholson's  Jour, 
vol.  XV.  p.  281. 

Barytie  minerals. 

Carbonate  of  barytes  afforded,  no  spark ;  but  be^ 
came  for  a  short  tim<e  very  luminous  by  the  passage 
of  a  shock  above  it. 

Sulphate  of  barytes  gave  good  sparks,  but  did  not 
become  very  luminous  by  the  shock.  ''  It  is  curious 
that  in  these  two  barytie  species  the  facts  turn  out 
exactly  the  reverse  of  what  takes  place  in  the  cal^ 
careous  genus,  in  which  the  carbonates  give  sparks, 
though  they  are  but  slightly  luminous  compared  with, 
the  sulphates,  which  are  brilliantly  phosphorescent, 
but  give  no  spark  3  whereas  in  the  barytie  genus,  the 
carbonates  are  beautifully  luminous,  but  give  no 
sparks  3  while  the  sulphates  afford  good  sparks,  but 
are  only  slightly  phosphorescent'* 

Sulphuret  of  barytes  became  only  very  slightly 
luminous. 

Magnesian  minerals. 

Pure  and  carbonated  magnesia  were  both  rendered 
transiently  luminous. 

Sulphate  of  magnesia,  very  luminous  through  its 
whole  substance. 

Sulphuret  of  magnesia,  luminous,  but  not  more  so 
than  the  carbonate, 

Keffekil  of  Turkish  pipes  afforded  sparks,  but  wag: 
scarcely  luminous,  unless  the  discharge  were  passed 
along  the  sur&ce  of  the  mineral. 
.  Chlorite  was  rendered  luminous  by  the  explosxoa, 
and  gave  singularly  coloured  sparks. 

Steatites,  talc,  and  fibrous  amianthus  gave  sparks, 
^xid  became  slightly  luminous  by  the  explosion. 
:  Mica  afforded  sparks,  but  did  not  appear  to  become 
luminous  by  the  explosion. 

;  JI(icaceous  schistus  gor^re  a  ramified  and  colouied 
spark.  Was  scarcely  phosphorescent,  except  in  the 
pnck  of  the  electrk  fluid. 


JrgtOaceoiUf  genms. 

Allum,  purple  spark,  luminous  by  explnsion  abpv^ 
the  surface  y  shattered  by  the  shock. 

Pipe-clay  gave  sparks;  was  luminous  by  die  ex? 
plosion,  but  not  afler  burning. 

Shales  and  clays  generally  gave  sparks,  and  became 
luminous  by  the  explosion.  * 

Slates  :  all  kinds  gave  sparks,  and  absorbed  light 
from  the  explosion. 

Hone-stone  gave  a  spark,  and  became  phospho* 
rescent. 

Fuller  s-carth;  a  good  bright  spark,  but  very  feeblj 
luminous. 

Reddle :  no  spark,  but  rather  more  lummous  thaa 
fuller's  earth. 

Bole :  a  ramified  spark,  but  not  rendered  lumi« 
nous. 

Terra  sigillata  gives  a  spark,  and  becomes  luminous 
by  the  explosion. 

Basalt  gives  sparks ;  but  a  luminous  trace  is  only 
to  be  formed  by  resting  the  points  of  the  dischai^r 
upon  its.  surface. 

Burnt  brick  afforded  small  purple  sparks ;  became 
slightly  luminous  by  the  explosion,  but  horded  a 
bright  track  of  light  between  the  points  of  the  dis- 
chargers when  rested  upon  the  surface. 

Queen's-ware  gave  a  good  spark,  but  was  not 
phosphorescent. 

Glazing  of  pottery  containing  a  metallic  oxide  t 
not  phosphorescent,  but  gives  a  good  spark. 

Silicious  genus. 

Rock  crystal :  phosphoric  by  the  explosion. 

Silicious  sand,  washed  and  dried,  luminous  oiAf 
where  the  points  of  the  discharger  were  in  contact 
with  it. 

Quartz  is  phosphoric,  gives  no  spark  but  a  pnrpfie 
stream ;  and  after  the  explosion  it  affords  the  same 
odour  as  when  two  pieces  are  rubbed  together. 

Flints  afford  small  purple  sparks. 

Egyptian  pebbles,  felspars,  agates,  cakedonies,  ao^ 
jaspers,  gave  hissing  purple  sparks,  and  became  lu^ 
minous  by  the  explosion. 

Porphyries  and  granite  gave  a  hissing  purple  spark  ; 
were  also  luminous  by  the  shock  which  passed  alon|^ 
the  surface,  producing  a  very  bright  track  of  light, 
which  in  some  specimens  continued  luminous  for 
several  minutes. 

'  Pudding-stones :  a  hissing  spark  3  the  pebbles  more- 
luminous  than  the  cement. 

Mochas  gave  good  sparks  from  the  arborescent 
part,  but  only  a  hissing  stream  from  the  clear  pert  of 
the  stone.      Skrimshire,  Nicholson's  Jottr.  voL  xvi* 

p.  lor. 

Combustible  bodies. 

Sulphur :  roll  brimstone :  no  spark  3  flowers  of 
sulphur  are  not  phosphorescent. 

Phosphorus  :  inflames  both  by  spark  and  shock. 

Charcoal :  some  kinds  afford  sparks,  and  are  phoB» 
phorescent3  but  other  specimens  had  not  this  property. 

Coke  gives  a  good  spark,  but  is  not  luminous. 

Cannel  coal  and  common  coal  give  beautiful  sparks. 

Peat,  hard  and  dry,  affbrds  a  good  spark  3  but  is- 
scarcely  luminoufl«.  . 
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Bitmiieii*  bardj  gives  no  spark  ;  but  tbe  dec  trie 
fluid  sil«atly  passes  over  its  surface  -,  by  the  shock  it 
19  rendered  luminous. 

Jet  and  aspbaltura  afford  the  same  appearance  j  but 
ve  not  luminous  by  the  discharge, 

Jjnber  gives  no  sparky  but  is  pbosphorescentj  espe- 
dafiy  the  ^t  v'ariety^ 

PioiDbago  ^ives  gtiod  sparks^  and  is  not  phosphor le, 

Metals  and  their  oxides. 

Not  one  of  the  metals  is  phosphoric  by  exposure  to 
ibe  lii^bt  of  an  electric  explosion,  if  its  surface  be 
ckao  and  brig-ht*  Some  of  their  ores  and  oxides  be- 
came aUghtly  luminous,  while  many  others  have  not 
this  property  in  the  smallest  degree.  In  short, 
thraa^hout  all  these  experiments,  not  one  brilliant 
t^pCRnmce  of  phosphorescence  was  produced  by  any 
oatal,  ore,  or  oxide  submitted  to  triaL  SkrimshirCj 
KdM^son's  Jour.  vol.  xix,  p.  153. 

Mr*  Singer  has  described  a  tew  experiments  analo- 
gous to  those  in  his  Ekchmtij,  p,  901.  In  addition  to 
tbepKpers  already  quoted,  the  reader  may  consult  Gray, 
Phii.  Tram,  17:45  ;  Canton's  Fi genres  of  Sparks,  PkiL 
TranM.  1734  j  Lane,  PhiL  Trails.  17^7  ;  Crell,  Jour,  de 
Tk^s.X7i7i  Nicholson,  PhiL  Trons.  17^9  j  Eaudi, 
Mm.  Tar.  Acad,  1790;  Juch,  Phil  Mag.  vol.  v.  j 
WaJc,  on  the  Light  of  Diamonds,  PhiL  Trans.  1*08, 
p»69  ;  I>oppelmayeT,  uber  das  EUctri^che  Licht^  1749  j 
F*yol,  on  the  Illumination  of  a  Plant,  Mt'm,  Acad,  Par. 
1759 9  Nollet,  on  the  Illumination  of  Ice,  Man.  Acad. 
ParATee-j  Naime,  PhU.  Tram.  lTi7,  p.«14  }  Morgan, 
?^  Tratu.  1785,  p,  272. 

I  VI,  Effects  of  eUctrkity  in  the  evolution  qf  heat, 

(17^0  ^y  transmitting  electrical  discharges  thrtnigh 
small  strips  of  metal,  Franklin  found  that  the  metal 
fersquently  unaerw^nt  fitsion.  The  method  he  em- 
pbml,  was  to  confine  the  metal  between  two  plates 
of  glass  firmly  tied  together  ;  and  then  to  place  this 
iflpinktoe  within  the  circuit  of  the  electrical  discharge 
imti  jar  or  battery.  The  glass  planes  arc  freqyently 
broken,  and  sometimes  the  metal  seems  to  tmdergo 
uxklation  and  vitrification,  by  which  it  is  enabled  to 
combine  with  the  surface  of  the  gla<;s.  Thus  a  piece 
of  gold-leaf  was  found  by  Franklin,  either  from  this 
s,  or  simply  from  having  bef^ome  imbedded  in 
5,  to  resist  the  action  of  nitro-mnriatic  acid. 
With  which  be  attempted  to  dissolve  It,  Experiments 
upon  the  fusion  of  metals  may  be  found  in  the  writ- 
lags  of  Franklin,  Canton,  Priestley,  and  Beccaria  ; 
but  it  is  from  the  labours  of  more  recent  electricians 
thst  we  must  draw  the  few  facta  which  we  hold  it 
essential  to  introduce  to  our  readers. 

If  thit  charge  from  a  large  jar  be  passed  through  a 

small  wire,  suck  a  degree  of  heat  is  evolved,  as  to 

ptKlnce  the  ignition  of  th*»  wire.     In  tbis  phenome- 

tion  the  sudden  transit  of  the   electric  tiwl  (9  the 

primary  cause ;  but  of  the  specific  mode  by  which 

sach  an  eflFect  is  produced,  we  are  at  present  entirely 

i^oniDt.     If  that  which   we  term   electricity  be  in 

v  n  substantial  fluid,  it  would  be  consistent  with 

;  ved  analogies,  that  when  a  considerable   mass  of 

ihk  eminently  expansible  fluid  is  forced  through  a 

ifiery  snrrall  channel,  and  thereby  greatly   condensed, 

at  afnd  light  should  be  evolved.     The  immense 

''^Sochy  of  the  motions  of  electricity,  will  also  ac- 

CQuiri  for  ita  posees&ing  a  very  considerable  momentum. 


even  should  its  specific  density  as  a  fluid  be  exceedingly  GW* 
small ;  and  on  this  supposition  it  may,  in  it^  passage, ' 
produce  idl  the  effects  of  violent  impact  upon  the  ma- 
terial particles  of  the  substances  through  which  it 
passes.  Should  it  not  possess  any  of  the  charac- 
teristics of  JTiaterial  subsUmee,  and  be  only  a  property 
or  affection  of  matter;  still,  it  is  obvious  from  its 
expansion  and  other  effects,  that  it  acts  upon  the 
jjarliclcs  of  all  matter,  in  the  same  way  that  tangible 
substance  would  do  j  and  therefore  the  heat  which  it 
produees,  may  be  supposed  to  arise,  in  part  at  least, 
from  the  mechanical  compression  undergone  by  that 
body  in  which  the  heat  is  developed. 

We  have  already  remarked,  that  by  the  passage  of 
a  strong  shock,  longitudinally  through  a  metallic  wire, 
the  length  of  tlie  wire  is  diminished,  and  its  diameter 
proportionably  increased  ;  but  if  the  shock  be  passed 
through  a  similar  wire,  having  a  weight  suspended  by 
it,  so  as  to  produce  a  cons ider able  degree  of  tension, 
the  Icjigth  of  the  wire  becomes  increased.  This  fact, 
we  conceive,  will  ailmit  of  an  easy  explanation,  on  the 
supposition  that  the  temporary  increase  of  heat  brings 
with  it  a  correspond ing-  increase  in  the  freedom  of 
motion  among  the  me  till  lie  particles,  though  it  may 
not  amount  to  fluidity  j  thus,  for  a  short  time,  the 
force  of  tension  exceeds  the  force  of  absolute  tenacity^ 
and  the  wire  is  lengthened, 

(ISO.)  Some  experiments  of  Dr.  Van  Mar um  were 
made  with  a  view  to  ascertain  the  circumstances 
under  which  heat  was  communicated  to  bodies  by 
electricity,  and  the  sparks  were  transmitted  through 
imperfect  conductors,  in  ortler  to  increase  their 
energy.  For  this  purpose  a  wooden  rod^  one  inch  ia 
thickness  anrl  eleven  inches  in  length,  was  placed 
between  the  ball  of  the  conductor,  and  the  conducting 
wire.  A  rod  of  red  fir,  after  having  been  electrified 
for  three  or  four  minutes,  gave  sensible  signs  of  heatj 
and  a  thermometer  sunk  into  a  hole  made  in  the 
wood,  rose  in  three  minutes  from  61  to  SB  degrees, 
and  In  five  minutes  to  11^  degrees.  As  the  sparks, 
however,  often  penetrated  under  the  surface  of  the 
rod,  it  at  length  split  at  the  end,  and  continually  threw 
out  rays  sideways,  so  as  to  imitate  the  c fleets  of 
lightning. 

(18L)  A  very  copious  selection  of  experiments 
upon  the  fusion  and  ignition  of  metallic  wires  by 
electrical  discharges,  might  be  made  from  the  papers 
of  Mr.  Brooke,  Baron  Keinmayer,  Van  Marum,  Cuth- 
bertson,  and  Mr.  Singer.  For  this  however  space 
cannot  now  be  afforded,  and  therefore  wc  must  con- 
tent ourselves  with  abridging  the  general  observations 
of  this  last  author  upon  tbis  subject. 

"  When  a  powerful  electric  charge  is  passed  througli 
a  slender  iron  wire,  the  wire  is  ignited  or  dispersed  in 
red  hot  balls.  Very  large  batteries  were  formerly 
considered  essential  to  the  production  of  this  eflfect } 
but  if  the  wire  be  sufficiently  ihin.  a  single  jar^  ex- 
posing a  coated  surface  of  about  190  square  inches 
will  suffice.  The  finest  flatted  steel  wire  sold  at  the 
watchmakers  tool  shops,  by  the  name  of  watch 
pendulum  wire,  answers  exceedingly  welL  Cuthbert- 
son's  balance  electrometer  should  be  employed  to 
regulate  the  charge  j  the  circuit  from  the  inner  to 
the  outer  surface  of  the  jar  should  be  short  aa  pos* 
sible^  and  the  wire  intended  to  be  melted  placed  in 
a  straight  line,  and  confined  at  the  ends  by  small 
forceps." 
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Practical  Exp.  '^  The  inslie  at  the  Leyden  jar,  and  the  bent 
Electricity,  arm  of  the  electrometer,  beini^  connected  with  the 
^'positive  conductor  of  an  electrical  machine,  and  two 
inches  of  watch  |)endulum  wire  placet!  by  means  of 
the  forceps,  between  the  lower  insulated  ball  of  the 
electrometer  and  the  coating  of  tlie  jar,  the  slider  is 
to  be  set  on  the  graduated  arm  of  the  electrometer  to 
15  grains.  The  machine  is  then  to  be  put  in  motion j 
and  when  the  intensity  of  the  charge  exceeds  the  re- 
sistance of  15  grains,  the  beam  of  the  electrometer 
will  descend,  and  the  charge  passing  through  the  two 
inches  of  wire  will  render  it  red  hot,  and  melt  it  into 
balls.*'     (Cuthbertson,  p,  178.) 

Exp*  "  If  the  jar  has  not  a  paper  ring,  it  must  now 
be  breathed  into,  and  eight  inches  of  pendiduni  wire 
being  placed  in  the  circuit,  the  slider  of  the  electro- 
meter is  to  be  set  at  30  grains,  and  the  turning  of 
the  machine  resumed^  When  the  charge  is  suffi- 
ciently intense,  the  beam  of  the  electrometer  will 
descend^  and  the  charge  passing  through  the  eight 
inches  of  wire,  will  melt  it  with  the  same  appearances 
as  the  two  inches  in  the  last  experiment/'  (Cuth- 
bertson.) 

Rip.  '^  Arrange  eight  inches  of  wire  in  the  circuit, 
as  in  the  last  experiment ;  but  instead  of  one  jar 
charged  to  30  grains,  employ  two  jars  charged  to  15 
grains.  The  wire  will  be  melted  precisely  in  the 
same  manner ;  so  that  the  effect  is  equaUy  increased 
by  douLliffg  the  extent  nf  coated  surface,  or  the  height 
to  which  it  is  charged."      (Cuthbertsou-) 

*'  From  numerous  expcriinents  of  this  kind,  it  has 
been  concluded  by  ^Ir.  lirooke  and  by  Mr.  Cuthbcrtson, 
that  the  action  of  electricity  on  wires,  increases  in 
the  ratio  of  the  stjnare  of  the  increased  power  j  since 
two  jarSj  charged  to  any  given  degree*  will  melt  four 
times  the  length  of  wire  that  is  fused  by  one  jar ;  and 
this  will  be  again  quudrupied  by  douhimg  the  height  of 
the  charge,"  Van  Marnm  had  arrived  at  a  diiferent 
conclusion  ;  for  bis  experiments  led  him  to  suppose, 
that  the  lengths  of  wire  found  by  diiferent  numbers 
of  jars,  varied  directly  as  the  extent  of  coated  surface. 
Mr.  dinger,  however,  contends  for  the  accuracy 
of  Cuthbcrtson's  law  ^  but  he  reminds  us  of  the 
caution  necessary  to  be  employed  in  estimating  the 
variations  in  the  powers  of  different  jars,  having  the 
same  superliciul  extent  of  coated  surface,  if  the  fhick- 
nesses  of  the  jars  be  unequal.  The  same  author 
mentions  a  very  large  jar  in  his  possession,  which, 
*'  from  the  extent  of  its  surface,  might  to  fuse  three 
feet  of  wire  with  a  charge  of  30  grains  ;  but  from  its 
limited  electrical  capacity,  in  consequence  of  extreme 
thickness,  it  will  nielt  only  18  inches  j  and  this  is 
correspondent  to  the  conclusion  drawn  by  Mr,  Caven- 
dish, that  the  quantities  of  electricity  required  to 
charge  different  coated  jars  of  the  same  extent,  will 
be  in  the  inverse  proportioa  of  their  thickness/* 
Singer,  p,  179, 

'*  The  effects  of  gradually  increasing  the  power  of 
the  charge,  when  wires  of  the  same  length  and  dia- 
meter  are  employed,  are  very  remarkable.  If  the 
wire  be  iron  or  steelj  its  colour  is  first  changed  to 
yellow,  then  (by  an  increased  charge)  blue,  by  a 
further  increase  it  becomes  red  hot,  then  red  hot  and 
infused  into  ballsy  if  we  continue  to  increase  the 
cliarge,  it  becomes  red  hot,  and  drops  into  balls, 
then  disperses  in  a  shower  of  globules,  and,  lastly, 
disappears  with  a  bright  flash,  producing  an  apparent 


smoke,  which,  if  collected,  is  a  very  fine  powder,  Ck 
weighing  more  than  the  metal  employed,  and  con-  V.^ 
sis  ting   of   it  and  a  portion    of  the  oxygen   of   the 
atmosphere  with  which  it  has  combined/' 

Van  Marum  found  that  in  discharging  925  square 
feet  of  coated  surface  through  50  feet  of  iron  wire, 
-rirath  of  an  inch  in  diameter,  a  complete  restoration 
of  electrical  equilibrium  was  not  effected  at  once  ; 
atid  that  the  residuum  in  the  battery,  was  capable  of 
melting  two  feet  of  the  same  wire.  He  has  given  a 
statement  of  the  lengths  of  wires  of  different  dia- 
meters, and  of  different  metals,  which  his  jiowerfu! 
machine  enabled  him  to  fuse  upon  a  splendid  scale. 
Unfortunately,  however,  these  experiments  do  not 
present  us  with  any  very  definitive  results, for  the  fusing 
points  of  Ihe  metals  may  be  more  accurately  estimated 
by  other  processes  j  and,  supposing  such  a  point  ia 
the  scale  of  temperature  already  known  for  each 
metal,  the  variations  in  conducting  power  with  regard 
to  heat,  and  the  interference  of  atmospheric  changes, 
leave  us  no  reasonable  hope  that  the  electrical  con- 
ducting powers  of  the  metals  can  be  ascertained  by 
this  process,  although  it  is  probable  that  on  the  de- 
gree of  perfection  or  imperfection  of  this  property^ 
the  evolution  of  heat  is  dependent. 

On  ihe  whole,  however,  he  found  that  with  wires 
of  different  metals,  all  drawn  to  the  ^Vth  of  an  inch, 
ami  with  an  equal  electrical  charge,  he  could  fuse  of 
lead  wire  1'20  inches  ;  of  tin  wire,  the  same  quantity; 
of  iron  wire,  5  inches ^  of  gold  wire,  3i  inches; 
and  of  silver  or  brass,  or  copper  only,  |th  of  an  inch. 
From  these  experiments  he  infers  that  lead  is  the 
worst,  and  copper  the  best  metal  for  the  formation  of 
conductors  for  defending  buildings  from  lightning. 

(I8^j  Mr.  Cavallo  examined  the  fusion  of  grains 
of  native  idatinum  by  electricity  ^  the  metallic?  grains 
were  placed  in  a  groove  v^th  of  an  iuch  deep,  made 
upon  the  surface  of  a  cake  of  wax.  Through  a  line  of 
metallic  particles  thus  arranged,  it  was  easy  to  discharge 
a  battery,  and  the  grains  of  metal  were  by  these 
means  partially,  but  evidently  fused,  so  that  some* 
times  two  or  more  of  them  adhered  together. 

As  the  grains  of  metal,  when  promiscuously  taken, 
were  sometimes  large,  and  at  other  times  small;  one 
might  have  expected,  that  the  small  grains  would 
have  been  fused  easier  than  the  large  ones  j  but  this 
was  by  no  means  always  the  case ;  some  of  the  small 
grains  w^ere  so  refractory  as  not  to  show  any  marks 
of  fusion  when  examined  with  the  microscope,  even 
after  having  suffered  several  electric  shocks.  On  the 
other  hand,  some  of  the  large  grains  were  frequently 
agglutinated  together  by  a  moderate  shock.  Upon 
the  whole,  it  seems  that  the  whiter  grains  are  fused 
more  easily  than  those  of  a  dark  grey  colour,  Ca-« 
vallo,  iii.  p.  ^52. 

These  differences  in  the  fmiibility  of  the  grains  of 
crude  platintim,  are  strong  proofs  of  the  accuracy  of 
Mr,  Cavallo's  observations  j  tor  it  will  be  obvious  to 
every  mineralogist,  that  the  more  infusible  particles 
were  probably  tbe  substance  winch  Dt\  Wollastoa 
separated  by  their  appearance,  and  proved  to  consist 
of  the  alloy  of  iridium  and  osmium.  Cavallo  found 
that  the  impure  parts  of  the  platinum  ore,  which 
were  contaminated  by  particles  of  gold  and  iron,  were 
much  more  easy  of  fusion  j  and  that  filings  of  pure 
platinum  were  more  easily  melted'  by  this  process 
than  the  cruile  grains  were.     He  also  remarks^  ^*  that 
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\  degree  of  fusibility  of  different  metallic  substanced^ 
rWbeo  exposed  to  the  action  of  electric  shock <^»  is  by 
^QO  meaiis  the  saoie  as  takes  place  in  c  he  mi  Ciil  fur- 
j  whicb  shows  that  the  electric  fluid  is  not  the 
thing  as  the  element  of  fire ;  the  effects^  in 
generalj  seenjin^  to  be  proportionate  to  the  degree 
of  resistance  which  it  meets  with  in  its  passage  ;  but 
with  respect  to  metals,  the  degree  of  fusibility  which 
they  show  in  this  way,  seems  to  be  in  the  compound 
proportion  of  that  resistance  which  each  particular 
metal  offers  to  the  passage  of  the  electric  fluids  and  of 
lU  natural  degree  of  fusibility^  when  exposed  to  a 
common  fire/' 

(IBS*)  We  now  proceed  to  give  some  account  of 
those  experiments  in  which  the  heating  power  of  the 
electrical  discharge  has  been  employed  to  assist  the 
combination  of  metallic  bodies  with  oxygen.  Of 
these  the  earliest,  which  it  may  be  interesting  to 
oamine,  were  made  by  Mr.  Cuthbertson.  This  elec- 
tnciaa  seems  to  consider  that  Van  Ma  rum  and  himself 
were  the  first  to  suppose  that  the  oxidation  of  metals 
could  be  produced  by  electricity  j  there  is,  however, 
much  to  that  purpose  in  the  treatise  of  Beccarla, 
deli  Elettricismo  ATtiJicmle,  Cuthbertson  states  thal^  in 
17^7,  he  and  Van  Marum  had  produced  flocculi  from 
di^erent  metals,  by  subjecting  them  to  strong  elec- 
trical discharges  ^  but  that  several  accidents  happened 
to  their  apparatus,  w  hich  was  so  frequently  broken 
fts  to  deter  Van  Marum  (much  to  the  dissatisfaction  of 
Cuthbertson)  from  all  further  prosecution  of  these 
researches.  In  1792, 1793,  Mr,  {  uthbertson  undertook 
two  courses  of  experiments  at  Amsterdam  upon  this 
subject,  which  ended,  as  he  says,  "with  little  more 
information  than  we  before  possessed.**  Subsequently, 
bowever,  he  returned  to  the  same  pursuit  in  London, 
and  vtith  better  success.  The  instrtjment  employed 
is  representea  in  fig,  90,  and  may  be  thus  brieliy 
described.  A  glass  cylinder,  eight  inches  long  and 
two  and  a  half  in  diameter,  is  closed  at  its  two  ends 
by  brass  caps*  The  lower  cap  is  supported  by  an 
artiScial  brass  cock,  and  bears  upon  its  inner  surface 
a  small  reel.  Upon  this  reel  there  is  wound  a  fine 
packthread,  alon^  which  a  metallic  wire  runs  evenly, 
and  is  tied  to  the  packthread  at  e%ery  fourth  inch. 
A  brass  tube  about  three  inches  long  is  screwed  into 
the  upper  cap,  and  filled  with  lard  and  tow,  so  that 
the  packthread  and  wire  may  be  drawn  through  it 
from  the  reel,  while  the  cylinder  remains  perifectly 
air-tight.  The  wire  by  this  means  may  be  submitted 
to  the  electric  discharge  in  successive  lengths,  without 
opening  the  cylinder.  A  is  a  gage  formed  of  a  gra- 
duated glass  tube,  about  10  inches  long,  which  may 
b*  screwed  upon  the  end  of  the  stopcock  ^  and  by 
immercinj^  the  lower  end  of  the  tube  in  mercury, 
aod  opening  the  stopcock,  the  air  absorbed  by  any 
Dumber  of  discharges  la  i^asily  ascertained. 

After  an  explosion  made  in  common  eur.  It  is  found 
by  examioation«  that  some  portion  of  the  oxygen  has 
been  abstracted  ;  and  if  the  fusion  of  the  wire  be 
effected,  having  the  cylinder  filled  with  hydrogen  or 
nitrogen,  no  absorption  is  produced^  neither  is  there 
to)  oxidation  of  the  metal. 

The  following  is  a  synoptic  view  of  the  results 
obtained  by  Mr,  Cuthbertson,  upon  a  length  of  10 
inches  of  different  metallic  wires,  with  a  battery  of 
fifteen  jars,  r.ontaining  about  17  feet  of  coated  surface. 
The  ftecoad  column  contains  the  diameter  of  each 


Lend  wire*.  »•«•  lAr  -* 
Tm  wire    ......  ^  •  • 

Zinc  wire  , ih  •• 

Iron  wire  .#.•••  yfy  .  • 
Copper  wire  .  •  •  •  yi^  ,* 
PlatiQum  wire  • .  yj^  •  • 

Silver  wire, tJ^  . . 

Gold  wire ri^  •* 


wire  in  parts  of  an  inch  {  the  third,  the  intensity  of  Ckap.  VT. 
the  charge  in  grains  upon  Cuthbertson's  electrometer  j 
and  the  last,  the  colour  of  the  resulting  ojtide. 

20 light  p^y. 

30  .......    n«Jur1y  white. 

45  »•».•«  QCAfly  while. 

35  ..••••  rcdrli&h  hroirn« 

35  ,..•••  purple  brown. 

35 black. 

40 black. 

40  •••.•■  browaish  purple. 
'*  These  experiments  may  be  varied,  by  exploding 
the  wires  when  stretched  parallel  to  and  at  about  ^th 
of  an  inch  distant  from  the  surface  of  a  sheet  of  paper 
or  glass  J  In  either  case  a  very  beautiful  figure  is  im- 
pressed, and  on  glass  a  part  of  the  metal  in  an  unoxi- 
dated  state  appears  immediately  under  the  wirc; 
%vhilst  the  oxidated  portit^n  produces  n  figure  of  some 
width,  by  w^hich  it  is  encompassed.  The  colours  of 
the  oxides  produced  in  this  way,  differ  from  those 
obtained  in  receivers,  many  colours  being,  in  some 
instances,  procured  from  one  metuL" 

A  great  variety  of  results  may  be  seen  in  Mr.  Cuth- 
bertson's  w  ork,  p.  1 97 ;  but  as  these  charges  were  so 
high  as  to  risk  the  fracture  of  the  battery,  Mr*  Singer 
used  in  his  experiments  finer  wires,  and  of  shorter 
length,  with  a  more  moderate  charge.  The  following 
is  a  tabular  view  of  his  results  i  the  length  of  wire 
exploded  in  each  case  being  fiWit  inches. 
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Gold  wire. » ..  •*  ^^ 
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SUvcr  wire  . . 
PJntimim  wire 
Copper  wire  , 
Tin  wire  *.....  yj^s" 
Zinc  wire  ....  -^i^ 
Lead  wire  . . » .  yitj 
Brass  wire  ....  ^h 


18 
13 
12 
11 
17 
10 
12 


purple  and  brown. 

grcy,?7roHFi,  juid  green, 

grey  aiul  light  browa. 

light  brown. 

yullow  and  grey. 

dark  brown. 

brown  and  blue  grey. 

purple  &nd  brown. 
Singer's  Electrmty,  p,  186. 
It  must  be  ob%ioiia  to  any  one  acquainted  with  the 
chemical  properties  of  the  metallic  bodies,  that  many 
of  these  are  only  imperfect  instances  of  oxid:ition  j 
and  that  in  all  cases  there  Is  probably  an  admixture 
of  metallic  particles  and  true  oxide,  which,  on  ana- 
lysis, would  be  found  to  differ  in  proportion  at  each 
successive  trial. 

Beccaria's  Treatise  on  Art^eiiilEkctrkiiif,  Ijond.1786, 
p,  598  J  Brooke's  New  Evperimejits  in  Etectririltjt  4to.  j 
Keinmayer,  Jour:  de  Ph-tjs,  vol.  xxxiii,  p.  101  ^  Van 
Marum,  Premiere  Conlimtaiton  des  Exp&iences  faites  par 
le  moi/ert  de  ta  Mtichine  Electriqtie  Teyterknne ;  i^tX' 
vallo's  Trefliise,  vol.  iii.  p.^50j  Culhbertson's Prffc^icaf 
Eiectrkity,  p.  1 97^  Singer's  Ekciridiy,  p.  1*4  j  Winkler, 
PhlL  Trans.  1745,  p.  772  ;  Miles,  PhiL  Trufu^  1745, 
p.  S90  J  Kinnersley,  Phil  Trnrnf.  176^3,  p.  84  j  Ingen- 
houz,  PhU.  Trans,  1778,  p*  1023  j  Berthollct,  Ni- 
cholson's Jour,  viii.  p,  80. 

§  VII.  Efech  of  electriciitf  upon  magnetic  bodies. 

(184.)  The  eEFects  to  which  this  section  will  be 
limited,  are  those  only  which  are  developed  by  the 
action  of  the  common  electrical  machine.  The  dis- 
covery of  Professor  Oersted  has,  indeed,  established, 
beyond  question,  the  truth  of  the  long- suspected 
connection  between  electricity  and  maguetism.    This 
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,TntAct^  distinguished  l>aDe^  and  ^ose  who  have  pursued  1^ 
Electricitj.  rceearches  to  which  he  pointed  out  the  approach, 
~  -  ^  liave  proved  that  in  substances  of  appropriate  naturej 
electricity  may  always  be  employed  as  the  source  of 
magnetic  excitation.  On  that  branch  ef  electricity, 
however,  which  lies  within  the  peculiar  province  of 
this  article,  scarcely  any  additional  iBformation  has 
been  obtained.  A  series  -of  electro-magnetical  results 
has  been  broughit  to  light,  of  interest  and  importance 
almost  unrivalled  in  the  annals  of  science  -,  but  it  was 
from  voltaic  electricity  that  these  results  were  ob- 
tained, and  of  these  an  ample  account  has  already 
been  given  under  the  Magnetical  division  of  these 
treatises. 

In  the  PhUosophkal  Transactions  £or  1676,  is  an 
account  of  the  effect  produced  upon  the  magnetic 
properties  of  a  compass  needle  by  a  violent  Uiunder 
storm.  The  thirty-ninth  volume  of  the  sanae  work 
contains  two  accounts  of  the  communication  of  mag- 
netism to  iron  by  lightning,  which  took  place  at 
Wakefield,  in  Yorkshire.  Other  similar  descriptions 
will  be  referred  to  at  the  close  of  this  section.  In 
one  of  these  instances,  which  took  place  on  board  a 
ship  bound  from  New  York  to  London,  four  com- 
passes were  totally  unfitted  for  service.  These,  on 
their  arrival,  were  submitted  to  the  examination  of 
Dr.  Go  win  KLnight,  who  found  that,  besides  the  de- 
struction of  magnetism  in  the  needles,  several  pieces 
of  wire  which  had  been  employed  in  the  construction 
of  the  cases,  had  received  charges  of  permanent  mag- 
netism. 

(185.)  Facts  such  as  these  could  not  be  overlooked 
by  Dr.  Franklin,  who,  in  enumerating  the  instances 
of  analogous  effects  produced  by  lightning  and  elec- 
tricity, brings  forward  the  following  experiments  in 
confirmation  of  his  surmises  of  the  identity  of  these 
two  agents. 

By  transmitting  the  discharge  of  four  large  jars 
through  a  common  sewing  needle,  the  needle  had  ac- 
quired magnetic  properties,  and  would  assume  the 
position  of  the  magnetic  meridian,  upon  being  placed 
so  as  to  float  upon  the  surface  of  water.  If  at  the 
time  of  passing  the  discharge  through  it,  the  needle 
lay  in  the  plane  of  the  magnetic  meridian,  that  end 
which  then  pointed  north  continued  afterwards  to 
assume  the  same  position  when  freely  suspended  ; 
and  this  result  underwent  no  change,  whichever  way 
the  discharge  passed  through  the  needle,  whether 
from  the  northward  to  the  southward,  or  the  contrary. 
But  if  the  needle  were  first  placed,  so  as  to  point  east 
and  west,  that  end  of  the  needle  at  which  the  vi- 
treous electricity  entered,  would  afterwards  point  to 
the  north. 

It  appeared  also  that  the  degree  of  magnetic  in- 
tensity developed  in  a  needle,  by  the  transmission  of 
a  given  electrical  charge,  was  greater  when  the  needle 
had  been  laid  pointmg  north  and  south,  than  it  was 
when  the  needle  had  been  made  to  point  east  and 
west. 

The  charge  of  a  large  jar  or  battery,  passed  through 
a  st^el  wire  placed  perpendicular  to  the  plane  of  the 


horizon,  communicates  to  it  permanent  magnetism,  Cte 
and  the  end  which  was  nearest  to  the  earth  at  the  ^•*— ^ 
instant  of  the  discharge,  afterwards,  in  traversing, 
turns  to  the  north.  By  replacing  the  wire  in  its 
vertical  position,  but  with  the  ends  reversed,  and 
again  transmitting  the  discharge,  the  polarity  wUI 
either  be  absolutely  destroyed,  or  if  not,  the  poles 
will  be  reversed.  It  is  found  also,  that  the  polarity 
of  a  natnral  loadstone  may  be  destroyed  by  the 
transmission  of  a  powerful  electrical  discharge. 

The  experiments  of  Franklin  were  verified  sni, 
extended  by  Beccaria,  vv4io  found  that  lig^htninig 
always  communicated  magnetic  polarky  to  bodies 
containing  iron,  such  even  as  common  bricks. 
Reasoning  upon  this  principle,  he  was  able,  by  ob*- 
serving  the  polarity  acquired  by  such  substances,  t6 
trace  the  direction  in  which  the  electrical  discharge 
had  passed  through  those  bodies  that  had  been 
struck  by  lightning.  This  ingenious  philosopher 
made  also  some  theoretical  suppositions  respecting 
the  constant  circulation  of  electric  matter  as  a  cause 
of  magnetism,  and  an  explanation  of  polarity  -,  whidk 
the  discoveries  of  the  present  day  seem  not  uniikeij 
to  confirm. 

Mr.  Robins  described  in  the  Philosophical  Trans^ 
actions  for  1746,  the  disturbances  produced  upon  tfa^ 
compass  needle,  simply  by  a  slight  friction  upon  the 
outside  of  the  glass  ;  but  these  effects  seem  to  have 
been  due  to  electrical  attraction  only,  which,  for  the 
time  that  it  lasted,  was  sufiicient  to  overpower  the 
terrestrial  magnetism,  and  derange  the  natural  positkni 
of  the  needle. 

A  very  elaborate  series  of  experiments  by  Van 
Marum  served  only  to  confirm  the  accuracy  of  Frank- 
lin's results,  and  added  little  of  novelty  to  this  branch 
of  our  investigations.  He  found,  however.  *>»«»t  when 
a  steel  bar  was  placed  in  the  i»«gnetic  equator,  no 
electricity  was  communicated  by  passing  a  discharge 
through  the  bar  longitudinally  5  but  that  if  the  dis- 
charge were  passed  at  right  angles  to  the  axis  of  the 
bar,  a  considerable  degree  of  magnetic  polarity  waa 
developed,  and  that  the  end  which  lay  towards  the 
east,  afterwards  became  the  north  pole  of  the  bar. 

These  experiments  were  made  with  a  battery  of 
135  jars,  containing  130  square  feet  of  coated  surfiwe. 
Needles  of  various  sizes  were  operated  upon,  and  steel 
bars  as  much  as  nine  inches  in  length.  It  was  also 
found  that  whenever  the  charge  of  the  battery  was 
so  great,  with  reference  to  the  steel  bar,  as  to  produce 
Ignition,  no  magnetical  effecf  was  developed. 

Consult  Phil.  Trans,  vol.  xi.  p. 647 ;  I>od,  PhilTrans. 
vol.  xxxix.  p.  74;  Cookson,  Phil.  Trans.  voL  xxxix; 
p.  75  5  Waddel  and  Knight,  Phil.  Trans,  vol.  :dvi. 
p.  111—113  ;  Robins,  Phil.  Trans,  vol.  xliv.  p.  «4«5 
Bremond,  PhilTrans.  vol.  xli.  p.614;  Mountaine,  PML 
Trans,  vol.  li.  p.  «86 ;  Kniffh*,  Phil.  Trans,  vol.  li.  p. 294  5 
Franklin's  X«rtcr»,  p.  90;  Priestley's  History  of  Elec- 
tricity, p.  178  5  Beccaria,  Lettere  dell*  Elettridsmo, 
p.  252,  or  Priestley,  p.  351 ;  Van  Marum,  Jour,  de 
Phys.  1787;  Singer's  Efec^rici^y,  p.  204  -,  Cuthbertson'i 
Practical  Electricity,  p.  233. 


On  ihe  9mTio:t&  ^ufte$  oftkctrical  excitation,  and  on  the  peculiarities  attendant  upon  Us  devekfcment,  from  eack 

qf  thei    sources. 


c*,  (13<?.)  It  reoiams  only  that  in  this  eliapter  Tve 
ilWHiUi  gi\'c  a  more  complete  statement  af  those  pro- 
cesses by  which  the  electrical  properties  af  bodies 
may  be  developed*  For  example's  sake,  we  have 
bitherto  adhered  to  friction,  the  most  usual,  and  the 
mosl  mftpngpa-hli*,  agent  employed  in  electrical  re* 
leafehes.  It  is  however  c^uite  innmilerial  from  what 
•oitrce,  ar  by  what  process,  the  electricity  is  evolved  j 
and  all  thai  has  been  said  respecting  the  electricity  of 
IricttoQ  is  true  of  that  produced  hy  every  other  me- 
liwd.  allowaiice  being  made  for  incidental  variations 
la  the  state  of  its  intensity.  In  the  foltowmg  sections 
will  be  fouad  a  review  of  all  the  known  methods  by 
vhich  electricity  raay  be  obtained  ;  arranged  tor  the 
nost  port  according  to  that  order  in  which  the  facts 
bnre  been  successively  added  to  the  sum  of  humtui 
knowledg'e.  Mention  has  already  been  made  of  the 
QisleDce  of  ten  or  eleven  such  processes,  (5.)  j  but  upon 
more  mature  consideration,  several  of  these  appear  to 
be  only  variations  of  each  other,  and  will  be  noticed 
Msnch,  reducing  the  total  number  to  seven,  which 
Danber  futare  researches  may  proUtbly  still  further 
diminish. 

The  contact  of  metals,  as  employed  in  De  Luc  a 
•thmi  is  ao4  here  inserted,  being  reserved  for  this 

■       Mt^nnic  braoch  of  our  subject. 

H        The  order  of  the  succeeding  sections  is  as  follows  : 

1^ 


§  L  Friction, 

(  H,  Electricity  of  animals. 

I  1II»  rhaJ^ge  of  temperature. 

I  IV,  The  atiiiosphprc. 

%  V.  Evolution  of  gaseous  matter, 

I  VI,  Separation  of  solid  particle s* 

§  VII.  Pressure. 


§  I.  Friction, 

^        (187.)  After  that  Du  Fay  had  recognif^ed   the  dis- 
'     Ib^ishing  characteristic  of  the  electric  fluids  as  pro- 
ihKed  from  different  substances,  it  became  a  preyail- 
lug  error  to  consider  that  one  electricity  or  the  other 
%tts  the   invariable  produce  of  tiny  given  substance, 
tiUl  the  researches  of  Sytnmer  gave  a  more  just  de- 
scription  of  the  phenomenon,  and  the  simultaneous 
J»roduction  or  evolution  of  both  fluids  was  under  some 
ae  or  other  admitted  by  all  experimentalists. 
The  following  may^  serve  as  the  briefest  possible  ab- 
:  *>f  the  generalization  of  our  knowledge  upon  the 
^  ^sonditions  to  b«  observed,  and  the  effects  produced  in 
H  ^mi  case^  of  electricity  produced  by  fneikm, 
■         All  substances  are  capable  of  excUuiion  hy  friction, 
^Kntj  to  tnalce  this  apparent,  those  that  are  coitductors 
'Xnnst  be  afivxcd  to  some  insulating  handle,  otherwise 
the  electricity  is  carried  off  as  last  as  it  is  generated  ; 
i^n  Dvhieh  case,  as  no  accumulation  cnn  take  place, 
^one  of  the  phenomena  that  depend  upou  electric 

ItciLsion  will  be  manifest. 
Tbe  bodies  between  which  the  friction  takes  place, 
Vrill  invariably  be  found  to  have  acquired  the  opposite 
electrical  states. 
This  ta  true  even  when  the  substances  are  to  all  ap- 


pearance  precisely  similar;  forJ^pinus  found  that  by 
rubbing  two  squares  of  glass  against  each  other,  they 
became  oppositely  electrified,  but  that  the  different 
species  of  electricity  belonged  sometimes  to  one,  and 
sometimes  to  the  other. 

From  the  same  body,  both  the  electricities  may  be 
evolved  in  succession,  by  changing  the  nature  of  the 
substance  with  which  it  is  rubhed.  Thus  a  piece  of 
smooth  glass  will  he  vitreously  electrified  by  the  fric- 
tion of  a  silk  handkerchief;  but  resinously  by  the  back 
of  a  living  cat.  Some  metals  render  sealing-wax 
vitreous,  others  resinous. 

The  state  of  a  body  with  regard  to  its  polish  is  also 
capable  of  influencing  the  electricity  produced  5  for  if 
a  piece  of  polished  glass  be  rubbed  against  a  piece  of 
rough  glass  the  former  will  become  vitreously  elec- 
trified and  the  latter  resinously.  Cavallo  states,  that 
if  a  stick  of  sealing-wax  having  a  smooth  surface,  be 
rubbed  with  an  iron  chain,  resinous  electricity  is  pro- 
duced J  but  if  the  wax  have  its  surface  previously 
scratched,  the  electricity  will  be  vitreous. 

If  unequal  surfaces  of  the  same  substance  be  sub- 
mitted to  friction  against  each  other,  both  will  become 
electrified  j  and,  in  generid,  the  one  wherein  tbe  fric- 
tion is  limited  to  the  least  extent  of  surface,  becomes 
resinous.  This  may  be  shown  by  two  pieces  of  riband* 
Again,  the  string  of  a  violin  becomes  resinously,  and 
the  hairs  of  the  bow  become  positively  elect ri Bed. 

The  following  curious  case  depends  probably  upon 
the  colouring  matter  of  the  riband,  rather  than  upon 
any  peculiarity  of  surface ;  and  there  is  no  reason  to 
suppose  that  light,  abstractedly  considered,  has  any 
influence  upon  the  experiment. 

*'  Lay  a  white  riband  upon  another  riband  of  the 
same  size  and  fineness  hut  black  :  then  holding  them 
by  one  extremity  with  one  hand,  draw  them  swiftly 
between  the  first  and  second  finger  of  the  other  hand, 
by  which  friction  thev  will  both  be  electrified,  and  on 
being  separated,  the  black  riband  will  be  found  nega- 
tive, and  the  white  positive."  (C  avail  o) 

(188,)  IVL  dc  Luc,  who  pidilished  some  interesting  Oe  Luc'% 
researches  in  Nicholson's  Journal  for  January  181 1,  obscrva- 
shall,  by  the  selection  of  a  few  extracts,  be  made  to  tioua. 
explain  his  own  views  uf>on  these  subjects,  ^'  Fric- 
tion excited  between  two  bodies  has  no  other  effect 
than  that  of  disturbing  tbe  natural  equilibrium  of 
the  electric  fluid,  which  tends  always  to  be  pro- 
duced among  all  bodies  according  to  its  actual  (but 
in  a  certain  extent  local)  quantity  u|>on  them,  and  in 
the  ambient  air.  If  both  the  bodies  which  exercise 
frictioa  upon  each  other  arc  good  conductors,  this 
disturbance  (the  equilibrium  being  constantly  rc-» 
stored)  is  not  perceived  ;  but  if  one  has  more  disposi- 
tion than  the  other  to  attract  the  electric  fluid  thus 
agitated,  with  the  faculty  of  transmitting  it  to  its  re- 
mote parts  ;  when  the  bodies  are  separaletl  i>uddenly, 
or  in  general  before  the  equilibrium  of  the  fluid  can 
be  restored  between  them,  one  is  found  positive,  as 
having  acquired  a  proportional  quantity  of  electric 
fluid  greater  than  the  ambient  air,  and  the  other  ne- 
gative^  as  having  lost  that  quantity  j  both  being  sup- 
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Practicnl   |>osed  to  have  previously  possessed  the  bame  electric 
Ekctricity,  ^^^^^  ^  j^^  ambient  air. 

™^  '*  The  general  effect  therefore  of  friction  between 
two  bodies  is,  that  one  never  becomes  positive  without 
the  otiier  oeing  negative,  (or  vice  verm.)  This  evident 
proof  that  all  the  electric  phenomena,  w  hich  we  are  as 
yet  able  to  produce  at  will,  namely  by  friction,  pro- 
ceed from  the  disturbance  of  the  eqiulibrium  of  only 
one  fluitl,  will  be  afforded  by  the  experiments  which  1 
shall  here  relate. 

"  Mr,  Cavallo,  in  his  complete  Treatise  on  Electri- 
city, (third  edit.  vol.  i.  p.  91,)  has  given  a  table,  con- 
taining the  results  of  his  experiments  of  this  kind, 
wherein  is  fotind,  that  certain  bodies  become  either 
positive  or  negative,  according  to  those  by  which  they 
are  rubbed.  This  circumstance  had  already  shown 
that  negative  and  positive  were  not  properties  belong- 
ing to  certain  bodies,  but  only  different  states  produced 
on  the  same  body  by  different  circumstances,  and  in 
particular  by  the  difference  of  those  which  exercise  fric- 
tion on  it ;  there  remained  however  to  he  ascertained 
Tvhat  effect  in  the  latter  case,  was  produced  on  each  of 
the  bodies  which  exercised  that  friction.  This  having 
been  one  of  my  objects  in  these  experiments,  I  kept 
both  bodies  between  which  the  friction  took  place, 
insulated  j  at  the  same  time  suffering  them  to  com- 
municate with  electroscoi>e9.  lly  experiments  thus 
performed,  i  discovered  the  general  law  above  ex- 
pressed ;  for  when  any  of  the  bodies,  which  tiiay  be 
rendered  either  positive  or  negative  by  friction,  was 
brought  to  one  of  these  states,  the  body  wdiich  had 
exercised  it  was  constantly  found  in  the  opposite  state  : 
if  the  forroer  became  positive,  it  had  taken  some  elec- 
tric fluid  from,  and  if  negative  it  had  yielded  some  elec- 
tric fluid  to  the  body  which  had  exercised  friction  upon 
it.  Such  are  the  effects  which  will  be  seen  in  the 
following  experiments/' 

De  Luc  then  proceeds  to  describe  an  electrical 
machine,  so  small  that  it  should  only  equnX  the  effects 
of  a  large  electrical  column >  and  might  be  connected 
with  a  gold  leaf  electroscope,  without  destroying  that 
instrument  by  the  violence  of  its  action.  The  power 
of  this  machine  was  intended  not  to  exceed  that  of  an 
electric  column  containing  600  groups.  The  cylinder 
of  this  minute  apparatus  was  one-fourth  of  an  inch  in 
diameter  j  and  it  was  necessary  that  the  motion  com- 
municated to  it  should  be  very  slow,  or  else  the  exci- 
tuition  became  too  great  for  the  purposes  of  comparison. 
By  the  friction  of  brass  upon  glit^s,  the  brass  became 
negative,  and  the  conductor  receiving  electricity  from 
the  glass,  showed  a  positive  state  of  excitation 

When  the  glass  cylinder  worked  against  a  small  flat 
piece  of  glass,  the  latter  not  being  insulated,  the  con- 
ductor became  positive.  This  experiment  is  analogous 
to  one  which  had  been  some  time  known  to  electri- 
cians, in  which,  if  two  pieces  of  riband  of  the  same 
kind  be  rubbed  together,  th«  nne  throughout  its  whole 
length,  across  the  other  at  one  place  only,  the  for- 
mer becomes  positive  and  the  latter  negative* 

By  forming  the  rubber  of  insulated  sealing-wax,  a 
Blight  charge  of  positive  electricity  was  developed 
upon  the  cylinder ;  but  wdien  the  apparatus  had  been 
altered^  to  allow  of  the  sealing-wax  repairing  its  losses 


by    comraunicatioft   with  the  earth,   the   electricity  CI 
evolved,  was  more  copious,  ^••^ 

A  rubber  of  caoutchouc  was  affixed  ;  and  with  thiB 
it  was  found,  that  on  some  days  the  glass  became 
positive,  and  the  caoutchouc  negative,  while  on  other 
days,  the  contrary  effects  took  place. 

The  glass  cylinder  was  next  coated  with  sealing* 
wax,  and  made  to  undergo  the  friction  of  a  braas  rub- 
ber. This  proved  an  experiment  requiring  some  de- 
licacy of  execution  ;  but  at  length,  the  electroscope 
coramnniciiling  with  the  waxed  cylinder,  diverged 
with  negative,  and  that  which  communicated  with  the 
brass  rubber,  with  positive  electricity.  De  Luc  here 
remarks  upon  the  error  of  those  who  had  supposed 
that  those  bodies  which  were  conductors  were  them- 
selves incapable  of  e?' .dilation,  showing  that  it  was  only 
necessiary  that  the  body,  if  a  conductor,  should  be  in- 
sulated, in  order  that  its  electric  excitation  might 
become  apparent*  A  simikir  scries  of  results  was  ob- 
tained by  the  Abbe  Haiiy,  at  a  subsetpient  period- 
The  last  experiment  also  shows,  that  brass  becomes 
positive  or  negative^  according  to  the  body  with  which 
it  is  rubbed. 

To  the  same  cylinder  coated  with  wax,  a  rubber  of 
caoutchouc  was  applied.  The  excitation  was  extremely 
powerful  J  but  invariably  the  sealing-wax  with  which 
a  brass  rubber  had  been  negative,  now  became  posi-- 
tive  ;  and  the  Indian  rubber  was  constantly  negative. 

A  red  bead,  formed  of  an  clastic  gum,  produced  by 
the  inspissation  of  some  vegetable  juice,  and  worn  for 
necklaces,  gave  a  similar  variety  of  results.  With  a 
narrow  brass  rubber,  the  bead  became  oegativc,  and 
the  brass  positive. 

"Such  are  the  constant  phenomena  observed  at  the 
founUin  head  of  all  the  electric  effects  which  it  is  ia 
our  power  to  produce  j  and  they  depend  on  fHction, 
respecting?  wldch various  svstems  hav<?  been  fabricated. 
Now  frnm  the  whole  tcuour  of  these  experiments,  it 
may  he  laid  down  as  a  fundamental  tmth  in  terrestrial 
physics,  that  friction  has  no  other  influence  ia 
electric  phenomena,  than  that  of  disturbing  the  equi- 
librium of  the  electric  liuid,  in  such  a  manner,  that 
one  body  by  acquiring  a  certain  quantity  of  it,  above 
what  it  had  beforo,  is  rendered  positive,  and  that  the 
other  is  found  negative,  as  having  lost  that  quantity. 
It  is  only  when  its  equilibrium  is  disturbed  that  the 
electric  fluid  is  manifest  to  us  :  the  electroscope  is 
our  first  test  of  this  disturbance  j  but  if  the  bodies, 
either  conductors  themselves,  or  associated  with  con- 
ductors, are  of  a  suflicient  size,  and  the  electric  dif- 
ference between  them  has  arrived  to  a  certain  degree, 
it  is  manifested  by  a  spark  darting  from  one  to  the 
other,  and  the  ctpiilibrium  is  thus  resitored," 

(189.)  Having  thus  jiermittcd  M.  de  Luc  to  plead 
his  own  cause*  by  which  we  do  not  pledge  ourselves 
to  unite  with  him  in  all  his  views,  we  may  for  the  pre- 
sent  h**  uHo^^etl  to  leave  these  and  similar  siieculations, 
until  further  experiments  shall  have  rendered  us  more 
competent  to  the  task  of  reasoning  u^ion  the  subject. 
The  table  originally  drawn  up  by  Mr.  Cavallo,  and 
subset|uently  improved  by  Singer  and  others,  ma)^ 
stand  !is  follows  : 
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SobsUace  robbed. 


Bock  of  a  live  cat  ^ 
Smooth  glass  ,  * . . 

Rough  glass    • . . . 

Toarmaline  .«•«.. 

Hareskm.. 

^^Tiitc  silk , 

Black  silk    ..,,.. 
Woollen  cloth.,,. 

Sediog'Wax    , . , . 


Baked  wood « 


Sulphur    ,,.,,. 
Resinous  bodies 


Substance  rubbing'. 


Every  substance  hitherto  tried    

{All  siibslaiices  tried  ;   (mercury  and  the  back  of  a  cat  excepted)     , , 
The  back  of  a  cat  j  and  on  some  days  caoutchouc.  (De  Luc.) 

rBry  oiled  silk,  sulphur,  melalSj  alcohol,  ether,  and  all  solid  and  liquid 

<  resins,  (Libes.) , , ,  . , 

L Woollen  clothj  t|uills,  wood,  paper,  human  hand,  and  cat*s  back    . . 

{Amber,  blast  of  air  from  bellows , , 
Diamond,  the  human  hand , 

r  Metals,  silk,  loadstone,  leather^  human  hand,  paper,  baked  wood  . . 

1  Other  fine  furs 

f  lilack  silk,  metals,  and  black  cloth 

1  Paper,  human  hand,  hair,  weasel's  skin  •.•••... 

r Sealing-wax   .,,..,... -  , .  -  ^ . , 

<  Hare's,  weasul's,  and  ferret's  skin  j    loadstone,  brass,  silver,  iron;^ 
L     human  hand,  white  silk   ,.,.-»., , , , 

Zinc,  strongly  j  silver  and  bismuth,  strongly  3  copper,  lead,  oligistic 
iron  ore,  sulphate  of  Qulna  at  2l'i,  (Dumas.) , , 

Platina,  gold»  tin, antimony,  grey  copper, sulphuret  of  copper,  strong; 
sulphtiret  of  lead,  strong ;  tellurium  from  Naygag,  strong  j  anti- 
monial  silver ;  sulphuret  of  silver^  strong ;  nickel,  grey  cobalt, 
arsenical  cobalt,  sulphuret  of  antimony,  sulphnret  of  iron,  crystal* 

lized  protoxide  of  iron,  (Haiiy,  An.  du  Mas.  Ku.  I7.)    

r  White  wax,  rough  glass,  sulphur,  and  all  metals  tried,  except  iron, 
steel,  plumbago,  lead,  and  bismuth    . . . , ^ .... , 

<  Hare's,  wcaseKs,  and  ferret*s  skiuj  human  hand,  leather,  smooth 
]      glass,  Hannel,  quills,  wood,  paper,  iron,  steel,  plumbago,  lead,  and 

L     bismuth , 

rSilk,  rough  glass,  paper,  sealing-wax,  white  wax,  lead,  sulphur,  and 

I      all  metals    , ,  . , • . . 

LFlannel,  smooth  glass,  quills,  hare's  skin   , 

{All  metals,  except  lead 
Lead,  and  all  substances  tried. , 

{Resinous  bodies  having  greater  extent  of  surface 
AH  bodies  except  resinous  ones 
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in  the  formiir* 


vitreous, 
vitreous, 
resinous. 

vitreous; 
resinous, 
vitreous, 
resinous, 
vitreous, 
resinous, 
vitreous, 
resinous, 
vitreous. 

resinous 

vitreous. 


resmous. 
vitreous. 

resinous. 

vitreous, 
resinous* 
vitreous, 
resinous, 
vitreous, 
resinous. 


Cliftp.  \lh 
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Cnvall*,*.;  Electricity  ;  Singer's  Eleclrieitij,  p.  34;    De  Luc,  Nicholson*s  Journal^  vok  xxviil.  p.  11  5  Libes, 
PhijsiqtiC;  Bioi,  Phyitqite  ;  Hauy,  Jn.  dit  iMus,  No.  I7. 

(IDO.)  It  is  a  question  of  great  interest  to  ascertain 
(that  oJHce  the  amalgam  performs  in  the  dev elope- 
ment of  electricity,  by  the  common  machine.  In  one 
of  M.  de  Luc's  experiments,  he  obtained  electrical  ex- 
citiLtion  by  the  friction  of  brass  upon  f^lass,  the  former 
becoming  negative  and  the  latter  positive.  Upon  this 
he  remarks  as  follows  : 

"  This  experiment  shows  what  is  the  eflPect  of  the 
metallic  amalgam  laid  on  the  rubbers  of  the  usual 
electric  machines.  The  base  of  those  rubbers  must 
^^  a  cushion,  in  order  to  yield  to  the  inequalities  of 
Wfce  cyhndcrs  or  plates,  while  it  presses  upon  them  ; 
w^t«he  materials  of  the  cushions  are  not  sufficiently 
coQductlng  to  permit  the  loss  Avhich  its  rubbed  part 
undergoes,  of  the  fluid  carried  off  by  the  glass,  to  be 
sooa  repaired  by  the  ground  ;  whereas  this  is  effected 
by  the  metallic  amalgam,  from  which  the  glass  takes 
readily  some  electric  fluid,  as,  in  the  experiment  now 
niejitioned,  it  takes  it  from  the  brass  rubber.  Metallic 
pW^s  vvoidd  produce  the  same  effect  on  the  cylin- 
ders ana  plafes  of  electrical  machines,  if  the  former 
were  sufficiently  pv.a»v.  NichoUon'c  Jonrnai,  vol. 
Xxviii.  p.  9, 
YOU  tv. 


(191,)   Dr.  Wollaston  is  of  ^pinion,  that  it  is  the  Eiperi- 
process  of  oxidation  which  principally  tends  to  the  mentp  of 
developement  of  electricity  in  the  common  machine,  ^Vollttstoo 
and  adduces  the  following  experiments  in  illustratiua 
of  his  views. 

By  employing  an  amalgam  of  silver,  or  of  platinum^ 
which  are  metals  not  liable  to  be  oxidated,  he  could 
obtain  no  electricity.  An  ama]i!:am  of  tiu»  on  the  con- 
t  ra  r  y ,  a  fib  r  d  c  d  a  g  00  d  t  leg ree  of  e  xc  i  teiiic  n  t  •  Z  i  n  c  ac  t  s 
still  better  ;  but  the  best  amalgam  is  made  with  both 
tin  and  zinc,  a  mixture  which  is  mo  rev  easily  oxidated 
than  either  metal  separately. 

As  a  further  trial  whether  oxidation  assists  in  the 
production  of  electricity,  a  small  cylinder  with  its 
cushion  and  conductor,  was  arranged  in  a  vessel  so 
contrived  that  the  air  contained  could  be  changed  at 
pleasure. 

After  trying  the  degree  of  excitement  in  common  air, 
carbonic  acid  gas  was  substituted,  and  the  excitement 
was  instantly  dci^troyed,  but  immediately  returned 
upon  the  readmisston  of  atmospheric  air,  PhiL  Transit 
ISOK 

xuc  ubject  oTJJr,  iVoUaf.ton  in  Uic  papers  contaia- 
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l^ractical    ing  these  experiments,  was  to  bring  a  distinct  proof  of 
EJectrioity.  ^^xe  identity  of  voltaic  and  ordinary  electricity ;  and 
~  therefore  he  remarks,  that  the  cushion  of  the  machine 

by  oxidation  of  the  amalgam  which  adheres  to  itj. 
becomes  negative  j  and  in  the  same  manner  zinc 
oxidated  by  the  accumulated  power  of  an  electric  pile, 
or  simply  by  the  action  of  an  acid,  is  also  negative. 

(192.)'  The  friction  of  liquids  against  solid  txMlies 
is  also  capable  of  developing  electricity.  To  prove 
this,  let  a  cylindriccd  glass  receiver  be  placed  upon  the. 
plate  of  an  air  pump,  the  top  of  this  receiver  is  to  be 
formed  of  a  wooden  cuj>,  fitted  into  the  receiver  by 
cement,  and  holding  mercury.  Upon  the  exhaustion 
of  the  receiver,  the  mercury  pressed  by  the  external 
air,  filters  through  the  pores  of  the  wood,  and  falls  in 
the  form  of  a  delicate  shower,  striking  against  the  sides 
of  the  glass  cylinder.  If  then  a  small  electroscopic 
ball  sus})ended  by  silk  be  brought  near,  the  eylia- 
der  will  be  found  in  the  excited  state.  In  order  that 
this  experiment  nray  succeed  well,  some  care  must  be 
used  in  making  the  cylinder  perfectly  dry,  so  that  it 
may  hot  lose  the  electricity  produced  by  the  friction  of 
the  mercury  against  its  surface,  which  indeed  is  never 
considerable. 

By  this  experiment  we  are  enabled  to  explain  a  phe- 
nomenon observable  in  barometers  well  freed  from  air; 
When  these  are  suddenly  inclined,  so  that  the  column 
of  mercury  may  rapidly  fill  all  the  vacant  part  of  the 
tube  ;  if  the  experiment  lie  made  in  the  dark,  a  phos- 
phoric light  is  instantly  developed,  similar  to  that 
which  is  produced  by  a  current  of  electricity  in  its 
passage  through  a  vacuum. 

Electrical  excitation  may  also  be  produced  by  the 
friction  of  a  gas  i^inst  a  solid  body^  If  a  current  of 
atmospheric  air  be  directed  against  a  plate  of  glass, 
by  means  of  a  pair  of  bellows^  the  glass  becomes 
vitreously  electrified.  (Wilson.)- 

(193.)  There  is  yet  another  mode  of  electrical  exci- 
tation, which  has  been  long* viewed  as possessingsoflae 
distinct  and  peculiar  character.  We  are  inclined  how- 
ever to  refer  it  also  to  this  section,  and  to  consider  it 
a  species  of  friction,  differing  only  from  the  instances 
before  recited,  in  the  mode  of  its  application. 

After  Mr.  Bennet  had  invented  the  gold-leaf  elec- 
trometer in  1786,  he  found  that  powdered  chalk  put 
into  a  pair  of  bellows,  and  blown  upon  the  cap,  con»- 
municated  to  the  instrument  vitreous  electricity,  when 
the  cap  was  about  six  inches  from  the  pipe  of  the 
bellows  3  but  the  same  stream  of  powdered  chalk 
electrified  it  resinously  at  the  distance  of  three  feet. 
The  electricity  is  also  changed  from  vitreous  to  resi- 
nous, by  placing  a  bunch  of  fine  wire,  silk,  or 
feathers,  in  the  aperture  of  the  bellows  pipe  5  and  is 
wholly  resinous  when  blown  from  a  pair  of  bellows 
without  the  pipe,  so  as  to  come  out  in  a  larger  stream. 
This  last  experiment  did  not  answer  in  dry  weather  so 
well  as  in  wet.  "  The  vitreous  electricity  of  the  chalk 
thus  blown,  is  actually  communicated,  because  part 
of  the  powder  sticks  to  the  cap  ;  but  the  resinous  is 
not  communicated,  the  gold  leaves  collapsing  as  soon 
as  the  cloud  of  chalk  is  dispersed." 

A  piece  of  chalk  drawn  over  a  brush,  or  powdered 
chalk  put  into  the  brush,  and  projected  upon  the  cap, 
electrifies  it  resinously,  but  the  electricity  is  not  com- 
xnxinicated. 

Powdcrcul  rhalk  blown  with  the  mouth  or  bellows    . 
from  a  metal  plate  placed  upon  the  cap,  gives  perma* 


By  sifting 
powders. 


nent  vitretwts  exettMion.  Or,  if  the  chalk  is  blown  Chi 
from  the  plate,  either  insulated  or  not,  so  that  the  ^—^ 
powder  may  pass  over  the  cap,  if  not  too  far  off,  it 
is  also  vitreous.  Or,  if  a  brush  is  placed  upon  the 
cap,  and  a  piece  of  chalk  drawn  over  it,  when  the  hand 
is  withdrawn,  the  leaves  gradually  diverge  with  vitreous 
electricity  as  the  cloud  of  chalk  disperses. 

Powdered  chalk  icilling  from  one  plate  ta  another 
placed  upon  the  instrument,  produces  resinous  elec- 
tricity. 

Other  methods  of  producing  electricfty,  with  chalk 
and  other  powders  were  tried ;  as  projecting  chalk 
from  a  goose  wing,  chalking  the  edges  of  a  book,  and 
clapping  the  book  suddenly  together)  also  sifting  the 
powder  upon  the  cap,  all  which  elecir ilied  it  resinously  5 
but  the  instrument  beiiig  placed  in  a  dusty  road,  and 
the  dust  excited  with  a  stick  near  to  it,  produced 
vitreous  electricity. 

Wheat  Hour,  and  red-lead  are  strongly  resiaous,  in 
all  cases  where  the  chalk  is  positive.  The  following 
powders  were  like  chalk  ;  red  and  yellovV  ochre,  resin, 
coal  ashes,  crocus  powder,  aurum  mosaicmn,  black- 
lead,  lamp  black,  powdered  quick-lime,  umber,  lapis 
calaminaris,  Spanish  brown,  powdered  sulphur,  flowers 
of  sulphur,  iron  filings,  rust  of  iron,  sand.  Resin  and 
chalk,  which  when  separate  are  alike,  changed  their 
effect  by  admixture  ;  this  was  often  tried  in  dry  weather, 
but  did  hot  succeed  in  damp  ;  white  lead  also  some- 
times produced  vitreous,  and  sometimes  resinous  elee« 
tricity,  when  blown  from  a  plate. 

No  sensible  electricity  is  produced  by  blowing  pure 
air,  projecting  water,  by  smoke,  flame,  or  explosions 
of  gunpowder.  Bennet,  Plulosophical  Transactions^ 
1787,  p. -31. 

In  a  communication  shortly  following  the  preceding 
one, Mr.  Benaet  says,  ''To  the  experiments  on  blowing 
powders  from,  a  pair  of  bellows,  I  have  to  add,  that  if 
the  powder  is  blown  at  about  three  inches  upon  a  plate 
which  is  moistened  or  oiled,  its  electricity  is  contFarr 
to  that  produced  by  blowing  them  upon  a  dry  plate.* 
(194.)  The  experiments  of  Professor  Lichtenbei^v 
by  projecting  powders  upon  the  plate  of  the  •Jectro- 
phorus,  seem  to  have  called  Mr,  Cavallo'*  attention  t9 
this  subject.  For  ascertaining  the  electricity  of  pow- 
ders, he  gives  the  following  directions,  and  at  the 
same  time  we  may  conclude  from  his  speaking  in  these 
terms,  that  he  considers  the  electricity  to  beloi^  to 
the  substances  employed^  and  not  to  an  extraordinary 
developement  arising  out  of  the  process-  ^ 

"  Insulate  a  metal  plate  upon  an  electric  stand,  and 
connect  it  with  the  electroscope}  then  the  powder 
required  to  be  tried,  being  held  in  a  spoon,  at  about 
six  inches  above  the  plate,  is  to  be  gradually  let  fall 
upon  it.  In  this  manner  the  electricity  acquired  by 
the  powder  being  communicated  to  the  metal  plate^ 
aflFects  the  electroscope  ;  and  its  quality  may  be  ascer- 
tained in  the  usual  manner. 

"If  the  powder  be  of  a  conducting  nature,  h'Le  the 
^algam  of  metals,  &c.,  it  must  be  held  in  some  elec- 
tric substance,  such  as  a  glass  phial  or  a  plate  of  wax. 
Sometimes  the  spoon  may  be  insulated,  in  which  case, 
after  the  experiment,  the  spoon  will  be  found  possessed 
of  an  electricity  contrary  to  that  of  the  powder." 

In  performing  these  experiments,  care  is  to  be  taken 
that  the  powders,  and  whatever  they  are  held  in,  be  • 
as  free  frnva  moisture  as  possible. 
The  most  compioto  ocri^s  of  experiments  in  this 
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imettf  j§  to  be  found  in  Mr*  Smg'er  s  work. 
sc  researches  two  methods  were  employed. 

1.  '*  That  of  sifting  them  on  the  enp  of  a  delicate 
electrometer  through  a  fine  sieve,  which  was  tho- 
roa^UIy  cleansed  after  each  operation. 

2.  "  By  bringing  an  insulated  copper  plate  repeat- 
edly in  contact  with  extensive  surtaces  of  them  spread 
on  a  dry  sheet  of  ])aper  j  the  cupper  plate  being 
brought  in  contact  with  the  conderjser  after  every  re- 
petition of  the  touching,  until  a  sufficient  charge  was 
communicated. 

"  By  each  process  tlie  effects  produced  increased 
considerably,  when  the  substances  employed  were 
reduced  to  a  fine  powder  ;  and  it  was  iti  this  way  I 
wccceded  in  obtaining  very  distinct  effects  from  the 
ilkalis,  by  contact  with  a  copper  or  a  silver  plate;  an 
cJtpenment  which  Sir  U.  Davy  had  before  attempted 
with  great  care  but  without  success.  The  pure 
dkahs  were  broken  into  small  pieces,  and  being 
pbced  in  an  open  phial  were  exposed  for  a  cpiarter  of 
w  boar  lo  a  moderate  heat>  not  sufficient  to  fuse  the 
Mkali,  which  was  then  quickly  reduced  to  a  powder 
in  a  wanii  and  dry  mortar  -,  and  immeiliately  spread 
upon  a  dry  sheet  of  canl  paper,  uhich  for  gome  time 
itIJ  continue  to  attract  nmisture  from  the  alkali,  as 
fest  as  the  alkali  receives  it  from  the  air.  The  whole 
operation  was  performed  as  raindly  as  possible. 

"  The  greater  ctlcct  produced  in  all  these  experi- 
ments by  an  increased  division  of  the  powder,  renders 
h  highly  probable  that  they  are  merely  varieties  of 
tbe  usual  process  of  excitation. 

**  The  following  substaiiccs  produce  negative  elec- 
tricity, when  sifVed  on  the  cap  of  an  electrometer : 
copper,  iron,  zinc,  tin,  bismuth,  antimony,  nickel^ 
plumbago,  lime,  magnesia,  barytes,  strontia,  alumina, 
lilex,  brown  oxide  of  cojtper,  white  oxide  of  arsenic, 
ftd  oxide  of  lead,  litharge,  while  leftd,  red  oxide  of 
iron,  acetate  of  copper,  std[>bate  of  copper,  sulphate 
ttf  soda,  phosphate  of  soda,  carbonate  of  soda,  carbo- 
nate of  ammonia,  carbonate  of  potash,  carbonate  of 
•htte,  muriate  of  ammonia,  common  pearl  ashe^, 
boracit^RcitJ,  benzoic  acid,  oxalic  acid*  citric  acid,  tar- 
taric ackf,  eremii  of  tjtrtar,  oxyn mrialc  of  potash,  pure 
iKJta^h,  pure  sodii,  resin,  sulphur^  sulphuret  of  lime, 
ttorcb,  orpiment,  &c. 

'*  The  foUoi*  ing  sulxstances  produce  positive  elec- 

^city  when  sifted    on   the  cap   of  an   electrometer 

Wheat  flour,  oatmeal,  lycopodium,  quassia,  powdered 

cardatnoro,  wood  cliarcoal,  sulphate  of  potiish,  nitrate 

^3f  potash,  acetate  of  lead,  oxide  of  tin, 

"  Hence  it  appears,  tiiat  there  are  comparatively 
,-fcui  few  substances  that  become  positively  electrified 
*^  hen  sifted  through  hair,  flannel,  or  nmsiin.     For  in 
ipcriments  made  with  each  of  these   substances  se- 
tely,  they  were  found  to  produce  similar  effects, 
"  Tlie  following  table  exhibits  the  results  of  cxpe- 
ments  of  contact  with  a  copper  plate.     The  diflferent 
^ttubfttatices  being  arranged  in  classes  under  the  elec- 
tricity^ they  really  aoquire,  which  is  contrary  to  that  of 
"^he  copper  plate.     FosUive  :  lime,  barytes,   strontia* 
^»DngTiesia,pure  soda,  pure  potash,  common  pearl  ashes, 
carbonate  of  j>otash.  carbonate  of  soda,  tartaric  acid. 
-^jalwe  :  benzoic  acid,  boracic  acid,  oxalic  acid,  citric 
^id,  &ilex,  alumina^  carbonate  of  avnmonia,  sulphur^ 
iciin, 

iiee  Bermet,  nUJ^isophiml  Transuciionjt,  l7B6,p.30  ^ 
Catallo,  vol*  ii.  p,  76  ;  Singet j  p.  -17:*. 


(195.)  In  deference  to  the  opinions  of  those  philo-  Cli*p.\TL 
sopjiers  who  have  made  the  most  recent  and  the  most  ''^:^r^'^ 
judicious  researches  on  this  subject,  MM.  Van  Marum,  J-^^oh^ig  of 
Pacts,  and   Troostwyck,  we  shall  inclmle  under  the  jt^^es*^^  ' 
present  section  some  short  account  of  the  electricity 
developed  tlijring  the  cooling  of  fused  bodies,  although 
at  first  sight  it  may  appear  improbable  that  the  elec- 
trical effects  so  produeeJ  should  owe  their  origin  to 
friction. 

The  earliest  experiments  upon  this  subject  were 
ma*le  by  Mr.  Stephen  Grey,  ami  princijially  upon 
bodies  of  a  resinous  nature.  These  substances  were 
fused  in  iron  ladles,  and  so  managed  as  to  get  out 
cakes  of  the  form  of  the  hulle,  having  smooth  sur- 
faces. Resin,  sulphur,  lac,  and  various  combi- 
nations of  these,  form  a  very  conbiderabk  IJ^t  in  the 
detail  of  Mr.  Grey's  experiments*  After  these  masses 
had  been  taken  out  of  the  lai]k%  and  the  gurface  had 
become  bard,  they  dit!  not  exhiint  any  electricity,  until 
the  temperature  had  fallen  about  to  that  of  a  now  laid 
egg.  The  electricity  then  gradually  increased  5  and 
when  the  cakes  had  become  cold,  the  electrical  fMJwer 
had  increased  in  a  tenfold  proporiion.  In  order  to 
preserve  these  bodies  in  their  excited  state,  they  were 
wrapped  up  in  tkmnel,  or  in  worsted  stockings,  and 
kept  io  a  dry  box. 

The  only  one  of  these  experiments  that  we  are  now 
in  the  habit  of  repeating,  is  that  marked  by  Mr.  Grey, 
No.  }9,  A  cone  of  sulphur  was  cast  in  a  tall  glasti. 
About  two  hours  after  it  was  taken  out  of  the  glass 
it  attracted,  and  the  g*ass  also  slightly.  Next  day  the 
sulphur  was  taken  out  of  the  glas>,  and  then  it  at- 
tracted strongly  j  but  there  was  now  no  perceptible 
attraction  in  the  glass,  This  experiment  ended  as 
any  similar  one  may  now  do,  by  the  suljduir  and 
the  gliiss  both  manifesting  electrical  projiertie^  for 
several  wecksj  whenever  they  are  separated  from 
each  other. 

Experiments  of  a  similar  kind  are  related  in  the 
respective  Treatises  of  Wikke  of  Rostock,  and  of 
^Epinus,  Mr.  Henley  was  led  to  return  to  this  sub- 
ject, by  an  observation  commtmicaled  to  him  from 
Mr.  .Sanders,  a  maker  of  clioctdate,  who  found  that 
the  chocolate  became  elccitrical  during  its  cooling  in 
the  tin  pans  in  which  It  had  been  ca^t.  From  some 
trials  made  under  Mr.  Henley's  din  ctious.  it  appeared, 
that  by  heating  it  over  tigain  repeutedlvt  tiiis  pnn>erty 
of  the  chocolate  gradually  disappeared  ;  but  that  it 
might  at  any  time  be  restored  by  the  addition  of  a 
snuill  quantity  of  olive  oil. 

In  17H4  M.  Fabst  published  a  short  |>aper  upon  the 
same  subject  j  and  in  17«7  Mr.  Liphardt  made  fur- 
ther exi>eriments  ;  and  seems  in  a  great  measure  to 
liave  satisfied  himself  that  friction  was  the  true  cause 
of  this  phenomenon. 

The  tpicHiion  wan  at  length  very  carefully  investi- 
ticated  by  Vmi  Marum  and  his  associates  j  and  of  the 
numerous  memtiirs,  ancient  and  modern,  that  in  com- 
piling this  article  it  has  been  our  business  to  examine, 
there  are  few  to  equal  that  of  ti)e  associated  chemists 
produced  upon  this  occasion.  The  experiments  are 
definite  in  their  object,  and  ini;enious  in  their  con* 
trivance  ;  and  want  of  room  alone  compels  us  to 
abstract  only  their  concluiling  sentence. 

*'  It  is  then  (as  we  think)  incouteslably  proved  by 
the  experiments  we  have  just  related,  that  tK*>  elec- 
Trictty  ilevelopca  wnenever  we  «rparate    —    -1— *-— 


an  electric 


^^ 
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Practical  substiiHce  which  hm  been  fused  and  cooled  from  the 
Electricity,  j-^^^jy  ^^^  which  it  hus  been  poured,  is  not  produced 
^•"■^^^^"^  by  that  scpurutiou,  neither  13  it  produced  by  the  tusion 
or  by  the  coolinii:  i  but,  that  it  is  caused  by  the 
friction  which  the  particles  of  the  electric  bodies 
undergo,  when  they  disperse  themselves  over  the 
surfaces  iilJon  which  they  are  poured.  The  reason 
w!iy  this  electricity  does  not  manifest  itself  till  after 
the  cooled  substance  is  separtUed  from  the  body  upon 
which  it  has  been  i^ared,  is,  doubtless,  because  tbe 
electricity  which  the  body  receiving  the  fused  mass 
mwst  acquire,  is  opposed  to  the  electricity  of  the 
melted  body  itself,  and  these  two  opposite  electricities 
so  exactly  counterbalance  each  other  as  to  be  quite 
imperceptible/' 

Consult  Grey,  Philosophival  TramactUms,  1732, 
p.  ^S5  J  Wilcke,  Dispnlatio  Physica  crfieTimtTifaiis  de 
£iectrivitaiibtis  Contrarih,  Rostock,  1757  j  -^pinus, 
Tentamen,  ^c.  p.  66  j  Henley,  Philosophkal  Tram- 
actiojjs,  1777^  p.  85  ;  Pabst,  Sch,  An.  I'Si,  p.  119  j 
Liphardt,  Jour,  de  Phy$.  17S7,  p»431 1  Van  Marum,  &c* 
Jour,  de  PUp.  I78S,  p,  248* 

§  IL   Eleciriciiij  of  animalt* 

It  mi^ht  be  advanced  as  a  conjecture  by  no  means 
improbable,  that  some  degree  and  species  of  electrical 
excitation  is  a  constant  attendant  upon  animal  life. 
If  our  instruments  were  of  suflicient  delicacy  to 
detect  its  presence^  and  examine  its  nature  under  all 
circumstance Sj  we  mii^ht  then  hope  to  be  able  to  trace 
its  beneficial  or  injurious  iriHiicnce  upon  the  economy 
of  animated  beings.  In  addition  to  the  electricity 
developed  in  the  human  tVa me,  which  sceins  to  be  en- 
tirely  independent  of  volition,  and  may  possildy  arise 
partly  from  mechanical  causes,  and  partly  frotn  those 
dependent  upon  chemical  or  vital  action  j  there  is  a 
series  of  singular  phenomena  discovered  to  exist  in 
the  animal  kingdom,  by  which  some  of  its  inferior 
orders  of  beings  arc  enabled  to  defend  themselves 
from  the  attacks  of  their  enemies,  or  to  take  the  prey 
which  is  destined  for  their  support.  The  section  now 
before  us  will  contain  a  brief  examination  of  these 
facts  in  the  following  order  : 

1,  Electricity  of  the  human  body. 

%  Electricity  of  the  Raia  Torpedo. 

3.  Electricity  of  the  Gymnotus  electricus, 

4.  Electricity  of  the  Silunis  electricus. 

5.  Electricity  of  the  Trichiurns  Indicus. 

6.  Electricity  of  the  Tetraodon  electricus. 

1.  Electncliy  of  the  human  body. 

^^^^ha}^'  ^^^*^')  '^^^  excitation  produced  by  the  friction  of 
mm  botiy.  articles  of  dress  upon  the  human  l»ody,  cannot  in  all 
instances  l>e  distinguished  from  that  which  results 
from  the  operation  of  other  and  less  obvious  causes. 
For  tills  reason,  and  for  greater  convenience  in  re- 
ferring to  the  original  memoirs,  we  shall  give  a  short 
abstract  of  our  information  upon  these  subjects  without 
uttcmpling  to  separate  the  one  kind  of  action  from 
the  other. 

J.  J.  Hemmer,  who  published  a  Memoir  upon  this 
subject  in  the  Traniatiions  of  the  Ektloral  Society  of 
Mnnit^un^  lias  collected  the  Ibllowing  instances  of  the 
electricity  of  the  human  frame ;  and  to  these  more 
jnii^htj  if  nt:vc.o«ary^  easily  be  fuld4»d. 


Virgil  mentions  a  harmless  flame  which  was  emitted  Cb 
by  the  hair  of  Ascanius.  ^ 

Kc€<c  ietif  jiHntjJto  dr  vrrticc  vixuii  /uH 
Fttmlrrc  iumcn  ttptrx^  tuvtutfue  int%n.ria  ntuUi 
l^nibii'r  flnmmn  conms^  et  ctrcnm  temparn  paxcL 
Aoj(  pnviM  trepidttre  mptu^  crinrmtiur  ftitgranlem 
£jrcutcrff  et  mttcttts  rattiHgvcre  fontit/m  igitvt, 

JEn,  lib.  iL  r,  583. 

IMore  than  one  ancient  author  hiis  related  that  fire 
streamed  from  the  hair  of  Servius  Tullius,  the  Roman 
Kiuer,  during  sleep,  when  be  uas  about  seven  years 
of  age,  (Uionysius,  Jmiq.  Rom,  lib,  iv.)  Pliny  says 
also,  Ilominum  quoque  vapita  veaperHnis  horis  sIcIUe 
fnagjw  pr<£sagio  cirvum fulgent.  (Hist,  Nat,  lib.  li, 
c.  370 

Cardan  mentions  a  Carmelite  monk,  whose  hair 
emitted  sparks  whenever  it  was  stroked  backwards* 
(Lib.  viii,  Dt  Herum  vuriet.  c.  xliii,)  A  woman  at 
Caumont  exhibited  a  phenomenon  of  the  same  kind,  as 
her  hair,  when  combed  in  the  dark,  always  emitted 
fire,  (Scaliger,  Exercit,  I74.)  Father  Faber,  in  bis 
Palladium  Chemkum,  S[)eaks  of  a  young  woman  from 
whose  head  sparks  of  tire  always  fell  when  she  combed 
her  hair.  Franciscus  G^idas  produced  bright  flames 
from  his  body,  \vhen  he  rubbed  his  arm  with  his  hand 
as  he  lay  in  bed.  (Bartholinus,  Dt  luce  Jntmuliufn^m 
Lugd.  I<jl7,  p.  121.)  ^  ^1 

Ezekicl  di  Castro,  a  physician  of  Verona,  relates 
of  Cassandra  Bnri,  a  lady  of  the  same  place,  that,  as 
often  as  she  touched  her  body,  even  in  a  slight  nianner^ 
with  3  linen  clolh,  it  emitted  sparks  In  great  abun- 
dance, which  could  be  perceived  by  every  person 
standing  near  her,  and  were  attended  with  a  consider- 
able noise.  Her  maids  were  often  deceived  by  thii 
phenomenon,  and  believed  that  they  bad  througU 
carelessness  dropped  some  coals  between  the  sheets f 
as  she  always  caused  her  bed  to  be  warmed  in  winter^ 
at  which  time  the  S]iark5  were  most  abundant  aad 
strongest-    (Castro,  De  igne  Lambeuie.) 

Fortunius  Licet  us  relates  (De  CausU  monstroTum, 
lib.  ii.  cap,  2h)  that  Antonio  Ciamfi,  a  bookseU^f  at 
Pisa,  when  he  pulled  otf  a  narrow  shirt  nv^d  a  piece  of 
cloth  which  he  wore  upon  his  br^^ast,  emitted  sparks 
from  his  back  and  arms,  with  a  crackling  noise,  to  the 
terror  of  the  whole  family. 

Among  us  J  says  Gesner,  where  heated  chambers  are 
usual,  it  "often  happens  that  many  persons  when  thejr 
have  warmed  themselves  at  a  stove,  and  then  pull  off 
their  shirt  in  a  cold  bedchamber,  or  move  or  shake  it 
after  it  is  pulled  off,  observe  crackling  llames  to  burst 
from  it.  {Lib,  de  Lunariis.)  Bartholinus  mentions  9 
like  jjhenomenon  of  a  rope-dancer  at  Turin.  (Dc  luce 
Jfthn,  p.  1^23.)  Scaliger  speaks  of  a  white  Calabrian 
horse,  which,  when  combed  in  the  dark^  emitted  sparks 
of  fire.   {Exercil,  174.) 

Beccaria  describes  the  following  circumstance  told 
to  him  by  V^audania  :  *'  For  ten  or  twelve  days  p*4Btj, 
since  the  cold  set  in,  I  wear  between  two  pbh  ts  a  piece 
of  beaver^s  skin.  Always  when  I  pull  off  my  upper 
shirt  at  night,  I  observe  that  it  adheres  in  some  degree 
to  the  piece  of  skin ;  and  when  I  draw  my  shirt  from 
it  I  see  sparks  which  have  a  striking  resemblance  to 
those  of  electricity.  Scarcely  do  I  begin  to  puJI  off 
tbe  piece  of  skin,  when  I  find  that  it  adheres,  «ad 
with  still  greater  force,  to  the  under  shirt.  Un  taking 
it  out,  I  ui/serve  when  I  hohl  i*  in  tne  right  haad  that 
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the  frill  of  my  shirt  moves  up  from  my  body  towards 
*y'it.  If  I  remove  the  piece  of  skin  to  a  greater  distance, 
\n<\  draw  it  frura  tbe  frill,  the  hitter  moves  ai^aiii  to- 
ward my  body.  If  I  bring  the  piece  of  skin  nearer, 
the  *hirt  moves  a^ain  towards  it.  This  oscillation  of 
my  shirt  between  my  body  and  the  piece  of  skin  coti- 
linues  alternately,  till  it  is  gradually  lessened  and  at 
lentil  ceases/' 

These  numerous  instances  must  bring  to  recollection 
the  observations  of  Mr,  Symnier,  on  the  electricity  of  silk 
slocking^s  which  had  been  worn;  but  at  the  same  time 
it  must  be  remarked,  that  these  are  in  fact  all  cases 
of  electricity  produced  upon  the  human  body  by 
friction,  although  it  does  not  follow  that  the  same 
kind  and  degree  of  friction  should  produce  the  same 
effects  upon  all  persons.  It  appears  to  be  clearly 
proved,  that  there  exist  certain  predisposing  causes  in 
some  persons  which  render  them  more  fit  subjects  for 
these  experiments  than  otliers  are. 

M.  de  Saussure  bad  published  some  observations 
upon  the  electricity  of  the  human  subject,  from  which 
k  inferred  that  bodUy  motion  was-  necessary  to  the 
|)roduction  of  his  electricity.  For  this  reason,  and 
because  he  could  obtain  no  excitation  when  undressed, 
k  concluded  that  the  electricity  resulted  from  the 
friction  of  his  body  against  the  clothing.  He  also 
states,  that  it  is  necessary  that  the  clothes  should 
jxjssess  the  warmth  of  the  body;  for  when  he  had  on 
clothes  that  were  cold,  be  could  never  obtain  the  letLst 
tnure  of  electricity;  neither  when  the  body  was  in  a 
state  of  perspiration.  Tbe  electricity  developed  was 
sometimes  positive  and  sometimes  negative  j  but  the 
cause  of  that  variation  he  was  unabk'tl  to  discover. 

M,  Uemmer  applied  for  information  to  De  Saussure, 
who  slated  that  he  had  made  no  further  experiments, 
neither  woa  he  aware  that  any  had  been  made  by 
others.  His  letter  is  dated  June  21,  IJHJ^  Upon 
this  M,  Hemmer  resumed  his  inquiries  ;  and  in  order 
that  he  might  examine  the  electricity  of  his  own  body 
be  insulated  himself  on  a  board  standing  upon  glass 
feet  J  he  then  touched  for  a  time  (from  one  second  to 
luilf  ft  minute)  a  plate  of  a  condenser,  and  then  applied 
It  to  Cavallo'g  electroscope  j  and  by  an  excited  glass 
tube  examined  the  dectricity  produced.  These  ex- 
periments were  made  **  not  only  upon  himself  but 
upon  other  persons^  both  male  and  female,  of  various 
-^^s  and  different  constitutions,  when  they  were  in 
motion,  or  at  rest,  dressed  and  undressed,  when  tired 
or  in  good  spirits,  hot  or  cold,  fasting  or  full,  sleeping 
or  awake,  at  different  temperatures  of  the  weather 
Md  of  the  apartment/* 

From  Ilemmer  s  long  but  rather  irregular  series  of 
eiperiments  it  would  appear,  that  electric  excitation 
ia  a  property  of  all  mankind,  that  it  varies  not  only  in 
diierent  persons,  but  in  the  same  person  at  different 
limes  I  being  in  many  weak,  in  other  strong,  tn  some 
vitreous,  in  others  resinous*  The  variations  arise  from 
<^e«  which  he  was  unable  to  trace.  In  *242'2  expe- 
riments made  upon  himself,  VZo*2.  showed  vitreous 
electricity,  771  timos  resinous,  and  m9  none  at  all. 
In  94  experiments  upon  his  maid,  the  electricity  was 
lU  times  vitreous,  33  times  resinous,  and  42  times  D. 
Even  during  the  continuance  of  an  experiment  the 
electricity  frequently  changes  from  vitreous  to  rcsin- 
oui  j  bat  on  the  whole  it  appeared  that  in  a  quiescent 
fitate  of  tlie  \>*%dv  the  electricity  was  most  frequently 
vitreous*     Cold   eeeiu^d   to  change  the  uaiurai  or 


vitreous  electricity,  into  the  opposite  kind,  or  at  least  Chap,  VTL 

diminished  its  intensity.     Lassitude  produces  the  same  '^-^-^x--^^ 

effect.     Tliis  animal  electricity  is  stronger  in  winter 

than  in  summer^  and  is  impeded  by  perspiration.  Bodily 

motion  is  not  necessary  to  its  de\ elopement  i  neither 

does  it  depend  upon  the  motion  of  respiration  ^   nor 

can  it  be  attributed  to  the  friction  of  the  clothes,  for 

M.  Hemmer  says,  '*  my  experiments  leave   no  doubt 

upon  this  subject ;  as  I  found  the  electricity  on  my  own 

body  lively  and  durable  for  half  an  hour,  or  an  hour, 

when   I  had  on  no  clothes.     1  do  not  say,  however, 

that  the  friction  does  not  increase  it,'*     It  appeared  to 

be  clearly  proved  that  there  is  no  species  of  electricity 

connected  with  the  human   subject,  which   is  at  all 

under  the  regulation  of  the  will  ;  instances  of  this  kintf 

from  among  the  animal  kingdom  we  now  proceed 

briefly  to  mention. 

J.  J-  Hemmer,  Transactions  of  the  Electoral  Soviet y 
of  iManfwini,  vol.  vi.,  or  PhiL  Mag,  1799j  vol.  v.  p.  I 
and  140. 

%  Ekctriciit/  of  the  Ram  Torpedo* 

{197.)  The  electrical  properties  of  tliis  fish  having  Ftfii a  tor- 
been  known  from  a  very  early  period,  may  be  a  sufH-  I^****^ 
cient  reason  for  assigning  to  it  the  foremost  place  in 
our  list  of  spontaneously  electrical  animals.  Of  the 
accounts  handed  down  to  us  in  the  writings  of  I'Uny, 
Oppian,and  others,  we  have  already  made  some  men- 
lion,  and,  therefore,  may  be  allowed  to  pass  on  to 
the  experimental  researches  of  modern  naturalists. 

Hedi,  who  published  in  IGJS  his  Erperimcnta  circa 
res  diver sas  Naturalest  mentions  the  imperfect  obser- 
vations of  the  fishermen  upon  the  properties  of  this 
animal.  Alwut  the  aaine  time  Lorenziiu  published  an 
account  of  its  anatomical  structure,  with  illustrative 
engravings. 

Kaerapfer,  in  I70^j  describes  in  his  Amanitatcs  Exo- 
ticePj  some  experiments  which  he  made  upon  the  tor- 
pedo. The  most  singular  is,  that  any  person  might 
avoid  all  sensation  of  the  shock  by  holding  his  breath 
at  the  same  time  that  he  touched  the  animal.  This, 
which  at  first  appears  improbable,  has  been  confirmed 
by  the  accurate  observations  of  Mr,  W^'alsh, 

In  Dr.  Bancroft's  Natural  Hiatory  of  Guiana  tbe  elec- 
trical nature  of  the  torpedo's  power  is  first  suspected; 
but  little  was  effected  towards  the  proof  of  this  fact, 
until  the  valuable  papers  of  Mr,  Walsh  appeared  in 
the  PhiL  Trans,  for  1773  and  1775.  He  placed  a  live 
torpedo  upon  a  wet  napkin,  and  formed  a  communi- 
cation through  five  persons,  who  were  all  insulated^ 
the  peraon  al  one  extremity  touched  some  water  into 
which  a  wire  from  the  wet  napkin  terminated  j  and 
the  last  in  the  series  had  a  Bimilar  mode  of  communi- 
cation with  a  wire  which  at  intervids  could  be  brought 
in  contact  with  the  back  of  the  torpedo.  In  this 
manner  shocks  were  communicated  to  tbe  five,  and  also 
to  eight  persons.  In  the  general  result  it  appeared 
that,  as  in  the  case  of  common  electricity,  glass  and 
such  substances  intercepted  the  shock,  while  metals 
and  those  bodies  known  as  ordinary  conductors  suffcrca 
its  transmission.  Walsh  was  unable,  however,  to 
affect  the  balls  of  an  electrometer,  or  to  produce  any 
appearance  of  a  spark  by  the  electricity  of  this  fish* 

In  the  next  place  it  appeared  desirable  to  make  a 
similar  series  of  experiments  with  the  fish  immersed 
in  water  instead  of  air.  Mr.  Walsh,  therefore,  held  a 
large  and  powerful  torpedo  in  both  his  hands^  ^^raaping 
ilic  elccirig  organs  Uoth  above  and  below  i  aud  thea 
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PractlcjiJ  plunged  it  a  foot  beneath  the  surface  of  ftonie  water. 
Electricity.  ^^^^  again  raised  it  an  ecfiial  height  in  the  iiir*  The 
-^^-v^^^  moment  the  lower  surface  of  the  tori>etlo  touched  the 
water  in  descending,  he  iilway.'^  gt'ivc  a  violent  shock  ; 
and  a  sti!)  more  jjowerfnl  one  was  producetl  nt  t!ie 
instant  that  the  same  surface  emerged  from  the  water 
ifi  ascetuling.  lioth  these  sliocks  were  attended  with 
a  contortion  of  the  body,  as  if  the  animal  were  anxious 
to  make  its  escape.  The  intensity  of  the  shock  under 
water  wm  scarcely  one-fourth  of  that  at  the  surface, 
and  not  much  more  than  one-fourth  of  those  given  in 
the  air.  The  number  of  the  shocks  appeared  to  be 
about  twenty  in  a  minute. 

The  shock  of  the  torpedo  was  in  general  not  per- 
ceptible beyond  the  finger  with  which  it  was  touched  ; 
and  out  of  *2rx>  shocks  Mr.  VValsh  found  one  only 
which  alTcctcd  hini  above  the  elbow.  If  the  torpedo 
were  iDsuhited  it  was  able  to  give  forty  or  fifty  shocks 
without  any  diminution  of  force,  to  persons  who  were 
also  insulated.  Each  shock  produced  by  the  animal 
is  attended  with  a  depression  of  its  eyes;  and  as  this 
appearance  seemed  of  invariable  recurrence,  Mr,  VV^alsh 
could  tell,  by  observing  the  eyes,  when  the  animal^ 
attempted  to  produce  an  electrical  discharge,  even 
upon  non-conducting  botlies. 

Mr.  Walsh  then  put  tlie  torpedo  into  a  flat  basket 
open  at  the  top,  but  secured  by  a  net  with  wide  meshes, 
and  thus  confined,  the  animal  was  lowered  about  a 
foot  into  the  water.  If  then  it  was  touched  through 
the  meshes  by  a  single  finger^  on  one  of  its  electric 
organsj  the  other  hand  being  held  at  a  distance  in  the 
water,  sliocks  were  distinctly  felt  in  both  hands  ;  but 
when  the  circuit  was  made  by  applying  one  tinger 
above  and  the  thumb  below  to  one  organ  only,  a 
shock  was  experienced  t^vice  as  great  as  the  former 
one,  when  two  arms  formed  the  circuit. 

The  torpedo  in  its  basket,  having  been  raided  to 
within  three  inches  of  the  surface  of  the  water,  was 
then  touched  with  a  short  iron  bolt  held  in  one  hand, 
half  out  and  half  within  the  water,  while  the  other 
hand  wag  immersed  in  the  water  at  some  distance; 
strong  shock  a  passing  through  the  bolt  were  experi- 
enced in  both  hands.  By  forming  the  communication 
through  a  wet  hempen  cord,  the  eihock  was  conveyed 
as  before. 

By  suspending  a  ]iowerful  torpedo  in  a  net,  and 
frequently  dipping  it  into  the  water,  slight  shocks 
were  communicaLed  through  the  net  to  the  persons 
holding  it. 

Mr. Walsh  explains  the  difference  between  the  effecti 
of  the  electricity  of  the  torpedo  and  of  the  Leyden 
jar,  on  these  principles.  The  same  quantity  of  elec- 
tricity will  produce  very  different  elTeets  according  to 
the  degree  of  condensation  in  which  it  is  dclained.  A 
small  jar  having  six  square  inches  of  coated  surface 
will  be  able  to  force  its  charge  through  an  inch  of  air, 
and  exhibit  attraction  and  repulsion,  as  well  as  the 
snap  and  spark.  But  by  distributing  the  same  quan- 
tity of  electricity  over  two  large  connected  jars  having 
a  coated  surface  of  4iX)  times  the  extent  oV  the  small 
phial,  effects  analogous  to  those  of  the  torpedo  are 
produced.  In  this  attenuated  state  the  change  will  not 
pass  through  the  hundredth  part  of  an  inch  of  air  ;  the 
spark  and  snap,  and  the  approach  and  recession  of 
light  bodies  will  no  longer  be  pro<lueed  j  a  point 
brought  Ei^ar  will  not  b«s  able  to  draw  off  the  charge  j 
and  yet  in  this  state  of  feeble  intensity  it  will  run 


through  a  considerable  circuitof  conducting  bodies,  and  Cl«j| 
during  its  passage  will  produce  sensible  effects  upon  ^*^ 
the  atiimal  system.  < 

In  1775.  i^r.  lugenhouz  made  many  experiments  at 
Leghorn  upun  the  torpedo  ;  he  describes  the  shocks 
as  jiroiluciJig  the  same  sensation  as  if  a  great  number 
of  very  small  electrical  jars  were  di^chartred  through 
his  head  in  very  rapid  succession.  Sometimes  the  shock 
was  very  feeble,  an^l  at  other  times  so  strong  as  almost 
to  oblige  him  to  quit  his  hold  of  the  animal.  By 
pinching  the  Hsh  with  hit*  nails,  it  did  not  give  either 
more  or  fewer  shocivs  than  when  not  so  irriuited  ;  but 
by  folding  the  body,  or  bending  its  right  side  to  the 
left,  the  shocks  were  rendered  more  frequent. 

Other  researches  upon  the  irritaliility  of  the  torpeda 
have  been  made  by  SpalUuizani.  He  found  the  shock 
to  be  most  powerful  when  the  animal  was  laid  upon  n 
plate  of  glass.  He  states  that  in  irritating  the  torpedo, 
he  always  obtained  the  shock,  whether  it  was  out  of 
the  water  or  in  it  If  instead  oi  irritating  the  back, 
he  irritated  the  bretist  gently,  he  received  a  shock,  but 
not  so  frequently  as  by  irritating  tlte  back.  Spallari* 
zani  found  that  some  minutes  before  the  torpedo  ex- 
pired the  shocks  were  not  given  at  intervals,  as  in  the 
healthy  state  of  the  animal,  but  were  changed  into  a 
reiterated  succession  of  small  shocks.  During  a  space 
of  seven  minutes  of  this  action  his  fingers  experienced 
31ti  shocks  ;  the  shocks  then  suffered  an  interruption, 
and  the  animal  immediately  betbre  it  died  gave  a  few 
very  languid  shocks.  Spallanzani  discovered  also  the 
singular  fact,  that  even  the  fa?tus  of  a  torpedo  pos- 
sessed the  same  electrical  property  even  before  it  waa 
torn. 

The  most  recent  experiments  of  importance  upon 
the  electric  irritability  of  the  torjicdo,  were  made  in 
1805,  by  MM.  Humboldt  and  Gay  Lussac,  The  fol- 
lowing has  been  giv^n  as  a  succinct  account  of  the 
results  obtained  by  these  admirable  experimentalists. 

L  '*  A  person  much  in  the  habit  of  receiving  electric 
shocks,  can  support  with  some  difficulty  the  shock  of 
a  vigorous  torpedo  fourteen  inches  long.  The  action 
of  the  torpedo  below  water  is  not  perceptible.  *»11  it  is 
raised  above  the  surface  of  the  water; 

2.  "  Before  each  shock,  the  torpedo  moves  its  pec- 
toral fins  in  a  convulsive  manner,  and  the  violence  of 
the  shock  is  always  proportional  to  the  eittent  of  the 
surface  of  coutact. 

3.  "  The  organs  of  the  torj)cdo  cannot  be  discharged 
by  us  at  our  pleasurcj  nor  does  it  always  communicate 
a  shock  when  touched.  It  must  be  irritated  before  it 
gives  the  shock,  and  in  all  probability  it  docs  not  keep 
its  electric  organs  charged.  It  charges  them,  how- 
ever, with  astonishing  ipiickness,  and  therefore  ia 
capable  of  giving  a  long  series  of  shocks. 

4,  **  The  shock  is  cxperiencetl,  when  a  single  finger 
is  applied  to  a  single  surface  of  the  electric  organs,  or 
when  the  two  hands  are  placciU  one  on  the  upper,  and 
one  on  the  under  surface  at  the  same  time;  'iid  in 
both  these  cases  the  shock  is  equally  tomrauiiicated 
whether  the  person  be  insulated  or  not. 

5,  *'  If  an  insulated  person  touches  the  torpedo  with 
his  finger,  it  must  be  in  immediate  contact;  iis  no  shock 
is  received  if  the  animal  is  touched  with  a  key,  or 
any  ot h  e  r  c  o  n  d  u  e  t  i  ng  b  ody . 

U.  ''  The  torpedo  being  placed  upon  a  metnllk  plate^ 
so  that  the  inferior  surface  of  its  elp<5*r.'c  organ  touched 
the  metal,  the  bam)  wkicU  supported  the  plate  felt  no 
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shock,  ftlthon^h  the  animal  was  irritated  by  another 
^iosnlated  person,  and  when  it  wns  obvious  from  the 
^'convnlsive  motions  of  ita  pectoral  tins,  that  it  was  in 

I  state  of  powerftil  action. 

7.  *'  If  on  the  contrary,  a  person  support  with  his 
left  hand  tiic  torpccio  placed  on  a  metallic  plate,  and 
if  he  touches  with  his  rijyjht  hand  the  ti]>per  surface  of 
the  electric  organ,  n  violent  commotion  will  be  felt  in 
both  his  arms  at  the  same  instant. 

8.  "  A  similar  shock  will  be  received  if  the  fiali  is 
placed  between  two  njctallic  plates,  the  edges  of  which 
do  not  tonch,  and  if  n  person  applies  a  band  to  each 
plate  at  the  same  instant, 

9.  "If  tinder  the  circumstances  of  the  {»receding 
experiments,  there  be  a  connection  between  the  edges 
of  the  two  plates,  no  shock  will  he  experienced  ;  as  a 
eoimnunicntion  is  now  formed  between  the  two  sur- 
feces  of  the  or^n» 

10.  '*  The  org-ans  of  the  torpedo  do  not  affect  the 
most  delicate  electrometer.  Every  method  of  commu- 
niaiting  a  charge  to  the  condenser  of  Volta  was  tried 
laniQ. 

11.  "A  circle  of  connection  being:  formed j  by  a 
number  of  persons,  between  the  upper  and  under  sur- 
fetes  of  the  organs,  they  received  no  shock  till  their 
lumd«  were  moistened  in  water.  The  shock  wag 
ctjually  felt,  when  two  | persons  who  had  their  right 
kodapidied  to  the  torpedo,  instead  of  taking  hold  of 
ach  others  left  handSj  plunged  a  piece  of  metal  into  a 
difop  of  water  placed  upon  an  insulated  body, 

R  **  By  substituting  flame  in  place  of  a  drop  of 
water,  no  sensation  was  experienced  till  the  two  pointed 
JBcces  of  raetal  came  in  contact  with  the  flame. 

13.  *'No  shock  will  be  experienced^  either  in  air  or 
lelow  water,  unless  the  body  of  the  electric  fish  is 
uamediately  touched.  The  torpedo  h  unable  to  com- 
rotttticate  its  shock  through  a  layer  of  water^  however 
thia. 

11  *'  The  least  injury  done  tn  the  brain  of  this  aui- 
niil  prevents  its  electrical  action**' 

lly&.)  Having  thus  made  our  readers  acquainted 
^th  Iho  more  striking  peculiarities  of  this  curious  fi?h, 
We  may  in  the  next  place  give  the  detail  of  its  anato- 
^Jcal  structure  from  the  Paper  of  the  celebrated 
Haater,  published  in  the  Phil.  Trans,  for  1773- 

"The  electric  organs  of  the  torpedo  are  placed  on 
each  side  of  the  cranium  and  gills,  reaching  from 
thence  to  the  semicircular  cartilages  of  each  great  tin, 
*nd  extending  longitudinally  from  the  anterior  extre- 
DiJtyof  the  animal  to  the  transverse  cartihige  which 
^vulcs  the  thorax  from  the  abdomen  ^  and   within 
•fcc  limits  they  occupy  the  whole  s]>ace  between  the 
w  of  the  upper  and  under  surfaces ;  they  are  thickest 
^  llie  edges  near  the  centre  of  the  fishj  and  become 
gwdually  thinner  toward  the  extremities.     Each  clec- 
Jric  organ  at  its  inner  longitudinal  edge,  is  unetpially 
wiUowed,  being  exactly  fitted  to  tlie  irregular  pmjec- 
tmof  the  cranium  and  gills.     The  outer  longitudinal 
c<Jgc  is  a  convex  elliptic  curve.     The  anterior  extre- 
mity of  eacli  organ   makes  the   section  of  a  small 
circle;  and  the  posterior  extremity  makes  nearly  a 
Kgbt  angle  with  the  inner  edge.  Each  organ  is  attached 
to  the  surrounding  parts  by  a  close   cellular  mem- 
brane, and  also  by  short  and  strong  tendinous  fibres, 
whiclt  poia  directly  across  from  its  outer  edge  to  the 
semicircular  cariUi^ees,     They  are  covnred,  above  and 
l>elow^  by  ike  common  sKia  o£  the  auimalj  under  wtiiel* 


there  is  a  thin  fascia  spread  over  the  whole  organ.  Chap,  VlL 
This  is  composed  of  fibres,  winch  run  longitudinnily, 
and  in  the  direction  of  the  body  of  the  animal.  These 
fibres  appear  to  be  perforated  in  itmumerable  places, 
M'hich  gives  the  fascia  the  appearance  of  being  re- 
ticulated. Its  edges  all  around  are  closely  con- 
nected to  the  skin,  and  at  the  last  appear  to  be  lost  or 
to  degenerate  into  the  common  cellular  mendjrane  of 
the  skin.  Immediately  under  this  is  another  membrane 
exactly  of  the  same  kind  ;  the  fibres  of  which  in  some 
measure  decussate  those  of  the  former,  passing  fi-om 
the  middle  line  of  the  body  outwards  and  backwards. 
The  inner  edge  of  this  is  lost  with  the  first  described  ; 
the  anterior,  outer,  and  posterior  edges,  are  partly 
attached  to  the  semicircular  cartilages^  and  partly  lost 
in  the  common  cellular  membrane. 

''  This  inner  fascia  appears  to  be  continued  into  the 
electric  organ,  by  so  many  processes,  and  thereby 
makes  the  membranous  sides,  or  sheaths  of  the 
columnSj  which  are  presently  to  be  described  ^  and 
between  these  processes  the  fascia  covers  the  end  of 
each  column  making  the  outermost  or  first  partition. 
Each  organ  of  the  fish  under  consideration  is  about 
Hvc  inches  in  length,  and  at  the  anterior  end  three  in 
breadth,  though  it  is  but  little  more  than  half  an  inch 
broad  at  the  posterior  extremity.  Each  consists  wholly 
of  perpendicular  columns,  reaching  from  the  upper  to 
the  under  surface  of  the  body,  and  varying  in  their 
length  according  to  the  thickness  of  the  parts  of  the 
body  where  they  are  placed  ;  the  longest  column 
being  about  an  inch  and  an  half,  the  shortest  about 
one-fourth  of  an  inch  in  length,  and  their  diameter 
about  -j^ths  of  an  inch, 

*•  The  figures  of  the  columns  are  very  irregular, 
varying  according  to  situation  and  other  circumstances. 
The  greatest  number  of  them  are  either  irregular  hex- 
agons, or  irregular  pentagons  >  but  from  the  irregu- 
larity of  some  of  them,  it  happens  that  a  pretty  regular 
quadrangular  column  is  sometimes  formed.  Those  of 
the  exterior  one,  are  either  quadrangular  or  hexagonal^ 
having  one  side  external,  two  lateral,  and  either  one 
or  two  internal.  In  this  second  row  they  are  mostly 
pentagonal.  Their  coats  are  very  thin,  and  seem 
transparent,  closely  connected  with  each  other,  having 
a  kind  of  loose  net  work  of  tendinous  fibres  passing 
transversely  and  obliqnely  between  the  colunnis,  and 
uniting  them  more  firmly  together  j  these  arc  mostly 
observable  where  the  large  trunks  of  the  nerves  pa^s. 
The  columns  are  also  attached  by  strong  inelastic 
fibres,  passing  directly  from  the  one  to  the  other. 

''  The  number  of  columns  in  diflerent  torpcdos,  of 
the  eize  of  thar  oflered  to  the  Society,  (which  was 
about  eighteen  inches  long  and  twelve  broad,  and 
about  two  inches  thick  in  the  thickest  part,)  cippcared 
to  be  about  470  in  each  organ  ;  hut  the  number  varies 
according  to  the  size  of  the  fish." 

In  a  very  large  torpedo  found  on  the  British  coast, 
which  was  four  and  a  half  feet  long,  and  weighed 
seveiity-three  pounds,  the  number  nf  columns  in 
one  electric  organ  was  118^2,  Walsh,  P^/i/-  Trans. 
1774.  ^  ^    ^ 

'*  The  columns  now  described,  increase  not  only  m 
size  but  in  number  during  the  growth  of  the  animal ; 
new  ones  forming  perhaps  every  year  on  the  exterior 
eilgeg,  as  they  are  much  the  smallest.  This  proccaa 
may  be  similar  to  the  formation  of  teeth  in  the  human 
j(»Yv^  M  U  ui«ro«M«^     Each  columu  is  divided  by  hOTIr 
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FiracUoJ  zontal  partitions^  placed  over  each  other  at  ver>'  small 
Electricity,  distances,  and  forming  numerous  interstices,  which 
appear  to  contain  a  fluid.  These  partitions  consist  ot 
a  very  thin  membrane,  considerably  transparent.  Their 
edges  appear  to  be  attached  to  one  another,  and  the 
whole  is  attached  by  a  fine  cellular  membrane  to  the 
inside  of  the  columns.  They  are  not  totally  detached 
from  one  another  I  have  found  them  adhering  at 
diflfcrent  places,  by  blood  vessels  passing  from  one 
another. 

'*  The  number  of  partitions  contained  in  a  column 
of  one  inch  in  length,  of  a  torpedo  which  had  been 
preserved  in  proof  spirit,  appeared  on  a  careful  exami- 
nation to  be  150  i  and  the  number  in  a  given  length 
'•f  column,  appears  to  be  common  to  all  sizes  in  the 
same  state  of  humidity  ;  for  by  drying  them  they  may 
be  greatly  altered.  Whence  it  appears  probable  that 
the  increase  in  the  length  of  a  column,  during  the 
growth  of  the  animal,  docs  not  enlarge  the  distance 
between  each  partition  in  proportion  to  that  growth  j 
but  that  new  partitions  are  formed  and  added  to  the 
extremity  of  the  column  from  the  fascia. 

"  The  partitions  are  very  vascular  5  the  arteries 
are  branches  from  the  veins  of  the  gills,  which  convey 
the  blood  that  has  received  the  influence  of  respira- 
tion. They  pass  along  with  the  nerves  to  the  electric 
organ,  and  enter  with  them  ;  they  then  ramify  in 
every  direction,  into  innumerable  small  branches  on 
the  sides  of  the  columns,  sending  in  from  the  circum- 
ference all  around,  on  each  partition,  small  arteries, 
which  ramify  and  anastomose  on  it  -,  and  passing  also 
from  one  partition  to  another,  anastomose  with  the 
vessels  of  the  adjacent  partitions.  The  veins  of  the 
electric  organ  pass  out  close  to  the  nerves,  and  run 
between  the  gills  to  the  auricle  of  the  heart. 

"  The  nerves  inserted  into  each  electric  organ,  arise 
by  three  very  large  trunks  from  the  lateral  and  poste- 
rior part  of  the  brain.  The  first  of  these  in  its  passage 
outwards,  turns  round  a  cartilage  of  the  cranium,  and 
sends  a  few  branches  to  the  first  gill,  and  to  the  ante- 
rior part  of  the  head,  and  then  passes  into  the  organ 
towards  its  anterior  extremity.  The  second  trunk 
enters  the  gills  between  the  first  and  second  openings, 
and  after  furnishing  it  with  small  branches  passes  into 
the  organ  near  the  middle.  The  third  trunk  after 
leaving  the  skull,  divides  into  two  branches,  which 
pass  to  the  electric  organ  through  the  gills  j  one 
between  the  second  and  third  openings,  the  other 
between  the  third  and  fourth,  giving  small  branches 
to  the  gill  itself.  These  nerves  having  entered  the 
organs,  ramify  in  every  direction  between  the  columns, 
and  send  in  small  branches  on  each  partition  where 
they  are  lost. 

"The  magnitude  and  the  number  of  the  nerves 
bestowed  on  these  organs  in  proportion  to  their  size, 
must  on  reflection  appear  as  extraordinary  as  the  phe- 
nomena they  afford.  Nerves  are  given  to  parts  either 
for  sensation  or  action.  Now  if  we  except  the  more 
important  senses  of  seeing,  hearing,  smelling,  and 
tasting,  which  do  not  belong  to  the  electric  organs, 
there  is  no  part,  even  of  the  most  perfect  animal, 
which  in  proportion  to  its  size,  is  so  liberally  supplied 
with  nerves  -,  nor  do  the  nerves  seem  necessary  for  any 
sensation  which  can  be  supposed  to  belong  to  the 
electric  organs.  And,  with  respect  to  action,  there  is 
no  part  of  any  animal  with  which  1  am  acquamted, 
lioweyer  Dtrong  and  consumt  iia  acbtuMd  ^otWa*  max 


be,  which  has  so  great  a. proportion  of  nerves.  If  it  Ohaf 
be  then  probable  that  these  nerves  are  not  necessary  v^ 
for  the  purposes  of  sensation  or  action,  may  we  not 
conclude  that  they  are  subservient  to  the  formation^ 
collection,  or  management,  of  the  electric  fluid  j 
especially  as  it  appears  evident  from  Mr.  Walsh's  ex- 
periments, that  the  will  of  the  animal  does  abso- 
lutely controul  the  electric  powers  of  its  body,  which 
must  depend  upon  the  energy  of  the  nerves.** 

M.  Geoffroy  St.  Hilaire  has  by  a  recent  examination, 
been  enabled  to  bear  testimony  to  the  accuracy  of 
Hunter's  description  of  this  fish.  He  states  also,  that 
a  similar  organic  structure  is  found  in  other  animals 
of  the  Uaia  genus,  which  nevertheless  do  not  posses^ 
any  electrical  powers. 

The  singularity  of  action,  manifested  by  the  torpedo, 
led  Walsh,  and  other  experimentalists  of  the  age,  to 
attempt  a  fiill  explanation  of  its  properties,  on  the 
known  principles  of  electricity.  This  was  a  task  of 
considerable  difficulty,  as  the  shocks  were  sometimes 
obtained  by  contacts  and  connections  to  which  the 
Leyden  jar  furnished  no  direct  analogy. 

In  pursuance  of  these  objects,  Mr.  Cavendish  con- 
trived an  artificial  torpedo.  It  was  made  of  wood^ 
connected  with  glass  tubes  and  wires,  and  covered 
with  a  piece  of  sheep  skin  leather.  To  make  the  effect 
of  this  instrument,  more  like  that  of  the  animal,  with!. 
regard  to  the  difference  between  the  shock  in  and  out 
of  water,  it  was  necessary  to  substitute  thick  leather 
in  place  of  the  wood,  and  with  this  improvement  the 
i^paratus  succeeded  admirably.  In  air  the  sensation 
of  the  shock  was  sensible  at  the  elbows,  but  undec 
water  it  was  felt  chiefly  at  the  hands.  By  touching 
this  torpedo  with  one  hand  under  water,  a  shock: 
was  obtained  as  strong  as  if  it  had  been  touched  by- 
both.  Being  touched  under  water  with  two  metallic 
spoons,  it  gave  no  shock,  but  in  air  the  shock  Yf9B 
very  strong. 

Cavendish  made  also  a  comparative  estimate  between 
the  strength  of  his  artificial  torpedo  and  that  dissected 
by  Mr.  Hunter,  with  reference  to  surface.  His  own 
battery  consisted  of  seventy-six  feet  of  coated  surface  y 
and  he  calculated  that  the  animal  retained  a  charge 
fourteen  times  as  great  as  that  of  the  battery,  or  was' 
equivalent  to  1064  feet  of  coated  glass. 

The  power  of  the  animal  to  communicate  a  shock 
under  water  is  explained  on  the  principle  of  the  different 
relative  conducting  powers  of  bodies ;  the  shock  pre- 
ferring a  long  passage  through  a  good  conductor,  to  a 
conaparatively  short  one  through  a  substance  of  in- 
ferior capacity.  It  seemed  also  singular,  that  from  the 
fish  neither  sound,  nor  spark,  nor  attraction,  could  by 
any  means  be  made  manifest.  This  led  Mr.  Cavendisn 
to  examine  the  effect  of  distributing  a  given  quantity 
of  electricity  over  a  great  extent  of  surface.  His 
experiments  led  him  to  consider  that  the  distance  to 
which  the  spark  will  fly  is,  inversely.  In  rather  a 
greater  proportion  than  the  square  root  of  the  nunjber 
of  jars.  With  regard  to  attraction  and  repulsion. 
Cavendish  found,  that  in  a  large  battery  so  weakly 
electrified  that  its  shock  will  not  pass  through  a  chain, 
a  pair  of  pith  balls  suspended  from  the  dischargingj 
rod,  do  not  exhibit  any  divergence.  ^ 

Consult  Lorenzini  Osservationi  intorno  alle  Torpedint^ 
Firenze,  1678,  or  Philosophical  Transactions,  1681, 
p.  42:  Reaumur,  M^m.  Acad.  Par.  iri*>  P;.?f\^ 
SkuKTvtt,  ISatural  History  0/  Gmana,  p.  194;  Walsh, 
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Phil  TranB,  1773,  p.  461j  Hunter,  PML  Trans.  1773, 
p,  481  ;  Wiilsh,  Phil  Trans.  17/5,  y.  465  ;  liigenhoux, 
PkiL  Trans.  1775,  p.  1  ;  Pringle  s  Discourse  on  the 
Torpedo,  JLoiid.  1775  ;  Vassali  Eantli,  Jour,  de  Phys, 
voh  xUx.  p.  69  ;  Spallanzani,  Jour,  de  Phtfs.  voL  xxiii. 
p.  217j  Bertholon,  de  l^Eiectricli^  du  Corps  Humain, 
torn.  i.  p.  172;  CavcniJisli,  PhiL  Trans,  177<j,  p-  1^6  j 
GcoflTroy,  Tilloch'd  Mag.  vol.  xv.  p,  1^6,  Iroin  Jn.  da 
Mu4.;  VoUa,  An.  de  Chimie,  180^,  p.  255  j  Humboldt 
and  Gay  Lussae,  An,  de  Vhimief  1B05,  or  PhiL  Mag. 
vol  xxiiL  p.  356  ;  Nicholson's  Jour.  4  to.  vol.  i.  p.  355  j 
Bryant,  Americun  Trans,  vol.  ii.  p.  144. 

3.  Electridttf  of  the  Gymnotus  etectricvs. 

(19&.)  The  electrical  properties  of  thb  fish  were 
fifst  made  public  by  M.  Kicber,  who  had  been  sent 
oat  for  the  purpose  of  measuring  the  length  of  the 
seconds  pendulum  at  Cayenne,  It  ia  sometimes  called 
the  electrical  eel  of  Surinam  ;  and  numerous  and 
curious  as  are  the  experiments  which  have  been  made 
upon  this  animal,  the  hypotheses  which  writers  and 
naiuralibts  have  advanced  upon  the  subject  are  not 
less  so. 

Redi  supposed  that  the  benumbing  efifects  depended 
upon  a  subtle  but  substantial  emanation  proceeding 
hma  the  fish,  which,  entering  within  the  pores  ot 
other  bodies,  produced  by  its  accumulation  the  dis- 
turbance of  a  shock.  Schilling  iniugined  that  the 
ftctton  of  the  gymnotus  was  of  a  magnetic  nature, 
sod  makes  mention  of  certain  experiments,  in  whioh 
the  loadstone  and  the  Hsh  seemed  to  produce  an  in- 
fluence upon  each  other. 

Omitting,  however,  these  speculations,  which  are 
more  curious  than  useiijl,  and  which,  if  necessary, 
iBay  be  traced  from  the  references  at  the  end  of  this 
iection,  we  will  only  introduce  a  short  abstract  of  the 
known  phenomena  of  the  electrical  eel,  and  then 
give  some  description  of  the  structure  of  the  animal, 
from  the  researches  of  Dr,  Hunter,  Mr.  Walsh,  and 
Dr.  Williamson. 

By  touching  the  eel  with  one  hand,  a  shock  is  per- 
cdvcd  in  the  fingers,  the  wrist,  or  the  elbow  |  but 
by  making  the  contact  with  an  iron  rod  twelve  inches 
long,  the  shock  was  perceptible  in  the  finger  and  thumb 
oaly  by  which  the  rod  was  held. 

The  band  of  one  person  being  held  in  water  at  the 
flktance  of  three  feet  from  the  animal,  upiin  a  second 
^rson  irritating  the  eel,  the  former  will  feel  a  shock, 
l>iit  of  \t^B  violence  than  if  he  touched  the  animal 
itaelf. 

Dr.  Williamson  put  a  cat-fish  into  the  same  vessel 
-of  water  with  an  eel,  and  then  dipped  his  own  hand 
into  the  water  also.  The  gymnotus  swam  up  to  the 
5sh,  but  turned  away  without  oifering  any  violence  to 
it.  It  soon  returned,  hi>wever,  and  after  regarding 
the  cat  atti'nttvely  for  some  seconds,  gave  it  a  shock 
which  made  it  tuin  up  its  belly  and  continue  motion- 
IcM.  The  shock  was  perceptible  to  Br.  Williamson 
t  the  same  time.  Whenever  fish  that  had  been  thus 
rendered  motionleait  were  removed  to  another  vessel 
tbey  recovered. 

By  irritating  the  gymnotus  with  one  hand,  and 
holding  the  other  at  some  distance  in  the  water,  a 
shock  was  perceived  in  both  arms  like  that  of  the 
den  jar.  A  similar  effect  might  be  produced  by 
ching  th*i  water  with  a  wet  stick,  irritating  the 
^Aiiiitial  wttli  the  otU^t  hand  as  before,    Twu  ^crooog 
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also  might,  by  joining  hands,  share  in  the  efiects  of  Chap.  VIL 
this  experiment,  as  with  a  charged  electrical  jar. 

WJien  one  of  two  persons  joining  hands  touched 
the  head  roughly,  while  at  the  same  time  the  other 
touched  the  tail  gently,  they  both  received  a  severe 
shock. 

When  the  first  of  eight  or  ten  persons,  with  jomed 
hands,  touched  the  eel,  while  tlie  last  put  his  hand 
into  the  water  at  some  distance  from  it,  they  all  re- 
ceived a  gentle  shock. 

When  the  first  of  the  eight  pinched  the  tail,  while 
the  last  touched  the  head,  they  all  received  a  severe 
shock. 

When  two  persona  laid  hold  of  the  two  extremities 
of  a  brass  chain,  and  one  of  them  put  his  hand  into 
t!ie  water,  while  the  other  touched  and  irritated  the 
eel,  tiie  shock  affected  both. 

If  a  silk  handkerchief  be  wrapped  round  the  hand^ 
and  the  eel  be  touched  with  it,  no  shock  is  experienced, 
though  another  person,  who  puts  his  hand  into  the 
water  at  a  little  distance  from  the  eel,  wiD  tcel  the 
shock. 

The  connection  between  two  persons  was  formed 
by  various  substances,  such  as  charcoal,  iron,  brass, 
dry  wood,  glass,  silk,  &c.  and  it  was  always  found 
that  the  shock  of  the  eel  was  conveyed  through  those 
substances  that  conduct  common  electricity,  while  it 
refused  to  pass  through  non-conductors.  The  shock 
was  not  conveyed  by  a  brass  chain,  unless  the  chala 
were  stretched,  or  the  shock  severe. 

An  insulated  person  being  electrified  by  the  eel, 
he  exhibited  no  marks  of  electricity  ;  nor  did  cork 
balls  diverge  when  suspended  by  silk  threads  over 
the  eefs  back,  or  when  touched  by  the  insulated  pcrsoa 
when  he  received  the  shock. 

Dr.  Williamson  made  several  attempts  to  render 
the  passage  of  the  shock  perceptible  by  the  spark, 
but  without  success.  Mr.  Walsh,  however,  by  making 
a  minute  sei>aration  in  a  piece  of  foil  between  two 
plates  of  glass,  on  the  principle  of  the  luminous  word, 
obtained  a  visible  spark. 

On  the  whok'j  Dr.  Williamson  concludes  that  the 
gymnotus  has  the  power  of  communicating  a  shock 
to  those  animals  that  touch  it,  either  directly  or  by 
the  interieution  of  a  conductor;  that  this  effect  de* 
pends  solely  upon  the  will  of  the  animal ;  and  the 
magnitude  of  the  shock  is  dependant  also  within 
certain  limits  upon  some  act  of  volition  on  the 
part  of  the  fish.  That  the  shock  does  not  at  all 
depend  upon  any  muscular  action  in  the  animal, 
but  upon  some  process  purely  electrical.  M.  Hum* 
boldt  describes,  in  his  Travels  in  South  America,  % 
singular  method  of  catching  the  gynmoti,  by  driving 
wild  horses  into  a  lake  which  abounds  with  them. 
The  fish  are  wearied  or  exhausted  by  their  efforts 
against  the  horses,  and  then  taken  ;  but  such  is  the 
violence  of  the  shocks  which  they  give,  that  some  of 
the  horses  are  drowned  before  they  can  recover  from 
the  paralysing  shocks  of  the  eels.  He  states  also, 
that  in  giving  the  most  powerful  shocks,  the  gymno- 
tus does  not  make  any  motion  of  the  head,  eyes,  or 
fins,  like  the  torpedo. 

Gymnoti  are  described  of  different  sizes»  One 
examined  by  Hunter  was  not  three  feet  long.  Dr. 
Garden  describes  one  three  feet  eight  in  length,  and 
Dr.  Bancroft,  when  in  Guiana,  was  told  of  some  hav* 
biQ  Wi*n  »e#n  in  tlx«  SuHniam  river  upwards  of  twenty 
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feet  in  lengthy  the   shock  of  which  was  instantly 
fatal. 

Upon  dissection^  Hunter  found  that  the  dectrical 
•organs  of  the  gymnotufi  occupy  nearly  one-half  of 
that  part  of  the  ilesh  in  which  they  are  placed^  and 
constitute  probably  more*  than  one-third  of  the- whole 
fish.  The  animal  possesses  two  pair  of  electrical 
organs  of  different  sizes,  and  placed  on  different  sides. 
One  large  organ  occupies  the  whole  of  the  lower  end 
and  the  lateral  part  of  the  body,  constituting  the 
thickness  of  the  fore  part  of  the  animal,  and  stretch- 
ing from  the  abdomen  to  near  the  end  of  the  tail, 
where  it  terminates  almost  in  a  point.  The  two 
organs  are  separated  at  the  upper  part  by  the  muscles 
of  the  back,  at  the  middle  part  by  the  air  bag,  and  at 
the  lower  part  by  the  middle  partition.  The  smaller 
organ  extends  along  the  lower  edge  of  the  animal, 
almost  as  far  as  the  other,  terminating  almost  in- 
sensibly near  the  end  of  the  tail.  The  two  organs 
are  separated  from  one  another  by  the  middle  mus- 
cle, and  by  the  bones  in  wliich  the  fins  ju-e  artiqulated. 
In  order  to  perceive  the  large  organ,  it  is  necessary 
merely  to  remove  the  skin  which  adheres  to  it  by  a 
loose  cellular  membrane  -,  but  in  order  to  perceive 
the  small  organ,  we  must  remove  the  long  row  of 
amall  muscles  which  move  the  fin.  The  organs 
consist  of  two  parts,  viz.  flat  partitions  or  septe,  and 
cross  divisions  between  them.  These  septse  are  very 
thsn  and  tender  membranes,  placed  parallel  to  one 
another  -,  they  stretch  in  the  direction  of  the  length 
of  the  fish  5  and  having  their  breailth  nearly  equal  to 
the  semidiameter  of  the  animal's  body.  The  length 
of  the  septs  differs,  some  being  as  long  as  the  whole 
body.  The  distances  between  the  septae  vary  with 
the  size  of  the  fishes.  In  ooe  two  feet  four  inches 
long,  their  distanee  was  neaiiy  half  an  inch,  and  in 
the  broadest  part  of  the  organ,  virhich  was  an  inch  and  a 
quarter,  there  virere  thirty-four  septs.  The  small  organ 
has  the  same  kind  of  septs,  but  they  stretch  in  a 
direction  somewhat  serpentine.  Their  distance  is 
only  about  -^th  part  of  an  inch ;  and  in  the  breadth  iof 
the  organ  which  is  half  an  inch,  thereare  fourteen  septs. 
Hunter  considers  that  the  septs  answer  the  same 
purpose  as  the  columns  in  the  torpedo,  forming  walls 
or  abutments  for  the  subdivisions,  and  constituting 
so  many  distinct  organs.  These  septs  are  intersected 
transversely  by  very  thin  plates  or  membranes,  whose 
breadth  is  the  distance  between  any  two  septs,  and 
therefore  of  different  breadths  in  .different  parts; 
broadest  at  the  edge  which  is  next  the  skin,  and 
narrowest  at  that  edge  next  to  the  centre  of  the  body, 
or  to  the  middle  partition  which  divides  the  two 
organs.  The  lengths  of  these  membranes  are  equal 
to  the  breadths  of  the  septs,  between  which  they  are 
situate,  and  there  is  a  regular  series  of  them  from 
one  end  of  any  two  septs  to  the  other  end.  In  one  inch 
there  were  240  of  these  transverse  membranes. 

Consult  Richer,  M6n.  Acad.  Par,  1677,  torn.  i. 
p.  116;  Ibid.  torn.  vii.  part  ii.  p.  92;  Condamine, 
^eUition  d'un  Voyage,  «rc.  Mim,  Acad,  Par.  1745,  p.  466; 
Perrere,  Hiatoire  de  France  Equinoxiale ;  Fermin,  De- 
scription  de  Surinam,  torn.  ii.  p.  261;  Muschenbroeck, 
Jf^i.  Acad.  1760,  Hist.  p.  21 ;  Bancroft  s  IMstory  of 
Guiana;  Schilling,  M^m.  Acad.  Berlin,  1775,  p.  6; 
Williamson,  PhU.  Trans.  1775,  p.  94  j  Gordon,  PhU. 
Trans.  1775,  p.  102;  Walsh,  Phil.  Trans.  177S -^  Hun- 
ter^ Pm.  Trans.  1775,  p.  395^   Viia  Swind^a^  R^euml 


des  Mimoires  sur  VAnalogie  de  V  Electricity  et  du  Mag"  Chi 
n^iisme,  1786,  vol.  i.  p.  4S9  -,  -Lacepede,  Hist.  Nat.  des  v^^ 
Poissons,  tom.  ii. ;  Humboldt's  Personal  Narrative* 

4.  Electricity  of  the  Silurus  elcctricus. 

(200.)  This  fish,  as  far  as  is  at  present  known,  is  Sila 
peculiar  to  some  of  the  rivers  of  Africa.  Adanson  ^ 
described  it  from  the  Niger,  and  Forskel,  though  he 
gave  to  it  another  name,  found  it  in  the  Nile.  By  the 
Egyptians  it  is  called  Raasch,  a  name  which  is  also 
applied  to  the  torpedo ;  they  eat  its  flesh,  and  cure 
the  skin  with  salt,  for  medicinal  purposes.  The 
Negroes  of  Senegal  term  it  Onanienar;  and,  from*  its 
electrical  properties,  the  French  have  sometimes  called 
it  le  Trembleur  du  Senegal. 

The  length  of  this  silurus  is  about  twenty  inches.  It 
is  broad  towards  the  fore  part,  and  of  a  dark  ash 
colour,  with  blackish  spots  towards  the  tail.  By 
laying  the  fish  upon  one  hand,  and  touching  it  with  n 
metal  rod  held  in  the  other,  an  electrical  shock  is 
distinctly  perceptible,  but  by  no  means  so  strong  asi 
that  given  by  the  torpedo. 

The  anatomical  structure  of  this  fish  has  been  de^ 
scribed  by  M.  Geoffroy,  who  states  that  the  organs^ 
by  which  the  electrical  effect  is  produced,  are  mucH 
less  complicated  than  those  adapted  to  a  similar  purr 
pose  in  the  toqiedo  or  gymnotus.  There  is  lyiti|p 
immediately  beneath  the  skin,  and  encircling  U^e 
whole  animal,  a  mass  of  cellular  substance  so  thick 
and  compact,  as  to  appear  to  consist  of  a  stratum  «f 
fat.  By  microscopic  investigation,  however,  it  i* 
evident  that  this  is  composed  of  a  tissue  of  tendiaoii^ . 
or  aponeurotic  fibres,  interlacing  each  other,  and 
forming  a  distinctly  reticulated  mass,  containing,  m 
the  interstices  or  cells,  an  albuminous  or  gelatinous 
matter.  All  connection  with  the  inside,  is  cut  off  bf 
a  strong  aponeurosis  extending  over  the  whole  cetir 
culation,  and  adhering  very  closely  to  it;  and  abo^PC 
this  is  a  thick  stratum  of  fatty  matter.  The  nerveti, 
distributed  over  the  electric  organ  of  the  fish,  proceed 
from  the  brain,  and  are  analogous  to  those  found  in 
all  other  fishes  beneath  the  lateral  line  of  the  body. 
The  direction  and  arrangement  of  the  eighth  pair  of 
nerves  is  peculiar  to  this  species  alone.  As  they  issiifr 
from  the  cranium  they  approach  each  other  and  de- 
scend through  the  substance  of  the  first  vertebra^ 
entering  by  distinct  orifices,  but  reissuing  from  one 
common  perforation  on  the  opposite  side  After  re- 
ascending,  they  suddenly  divide  and  proceed  under 
each  of  the  lateral  lines,  passing  between  the  abdo- 
.minal  muscles  and  the  aponeurosis,  which  extends 
over  the  articulated  organ.  Large  branches  thea 
separate  and  pass  beneath  the  skin,  proceeding  to  the 
right  and  left  of  the  principal  nerve.  These  brancheq^ 
of  which  there  are  twelve  or  fifteen  on  each  side, 
penetrate  the  aponeurosis,  lining  the  inner  sur£eure  of 
^e  cellular  tissue,  and  are  there  lost. 

Adanson,  Voyage  au  Senegal,  1757«  p-  153;  Jour» 
de  Pkys.  vol.  xxvii.  p.  139  ;  Broussonet,  Jtf^.  Acad» 
Par.  1782,  p.  692  ;  C^eoffrot  Bulleiin  de  la  Sod^ 
Philomathique,  tom.  iii.  p^  169;  Phil.  Mag.  vol.  xv. 
p.  126. 

5.  Electricity  of  the  Trichiurus  Indicus. 

(201.)  Of  this  fish,  which  is  said  to  inhabit  the  Wjg 
Indian  seas,  and  to  be  endowed  with  electrical  pro-  *''"' 
pertics,  we  regret  that  it   is  i»i  In  our  power  to 
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communrmte  anjr  infbrmatioti  beyond  this  bare  men- 
•  tioa  of  its  narne* 

6.  KUctridly  of  the  Teiraodon  cleclriati, 

iW^)  The  Pfulosophkol  Tmnsactiom  for  178^,  con- 
tains the  only  account^  with  which  we  are  acquainted, 
of  ihb  fish,  which  seems  to  possess  electrical  powers 
of  considerable  intensity.  It  was  discovered  by 
X>ieutenant  William  Patterson,  in  a  voynge  tu  the  East 
"  es.  The  fish  is  descritjed  as  being  seven  inches 
^  two  and  a  half  broad,  and  as  havintj  a  long 
ojcctiog  mouth.  The  colour  of  the  back  is  a  dark 
brown^  the  belly  is  sea-green,  the  sides  yellowy  and 
{the  fins  and  tail  sandy  green.  The  whole  of  the  body 
'  \  covered  with  red,  green,  and  white  sfjots,  the  latter 
eing  particularly  bright,  llie  eyes  of  the  fish  are 
e,  with  a  red  iriSj  having  its  outward  edge  tinged 
ith  yellow.  Mr*  Fatierson  caught  the  fish  in  earities 
^ng  coral  rocks,  where  the  water  had  a  temperature 
rfrooi  56°  to  Gif  Fahrenheit;  off  the  island  of  Joanna. 
Haring  caught  two  of  them  in  a  linen  bag,  he  at- 
tempted to  take  one  of  them  in  his  hand,  when  he 
received  so  severe  an  electrical  shock,  as  to  oblige 
him  tu  quit  his  hold.  He  then  carried  them  a  dis- 
oce  of  two  miles  to  the  camp,  but  on  his  arrival 
bund  that  one  of  thtm  had  died,  and  the  other  was 
ready  reduced  to  a  state  of  extreme  debility*  The 
1  was  then  put  into  a  tub  of  water,  and  the  surgeon 
the  regiment  attenjpting  to  seize  it  with  both  his 
tids,  received  a  distinct  electrical  shock.  The 
djutant  also,  upon  touching  the  back  with  his  finger, 
xperieoced  the  electrical  effects,  but  in  a  much 
liter  degree.    Fhit,  Trans,  vol.  Lxxvi.  p.  3S2. 

5  III.  Oiange  of  temperature* 

(203.)  The  subjects  for  experiment  connected  with 
this  section,  are  derived  principally  from  the  mineral 
kizi^om«  All,  in  fact,  that  wc  feel  sufficiently  ac- 
quainted with  to  lay  before  our  readers  j  but  at  the 
same  time  we  wish  to  point  out  a  curious  paper  of 
M.  l>es«aignes,  in  the  second  volume  of  the  Annales 
di  Chimie  ei  du  physique,  in  which  many  experiments 
wc  recorded,  w^hich,  if  accurate,  will  prove  that  me- 
tillic  bodies  arc  capable  of  electric  excitation,  by  the 
processes  of  heating  and  cooling  only.  The  descrip- 
tion uf  these  researches  forcibly  recalls  to  our  atten- 
tion the  modern  thermo-electric  processes,  and  as  it  is 
now  proved  beyond  the  possibility  of  doubt,  that  that 
ip^des  uf  electric  excitation  which  affects  the  mag- 
uetic  needle,  may  be  developed  in  metals  by  the 
m)pUcation  of  heat  only,  there  is  a  strong  analogy  in 
firour  of  the  supposition,  that  ordinary  electricity  is 
tt  the  same  time  elicited,  although  its  quantity  may 
be  so  small  as  to  render  its  presence  difficult  of 
detection. 

The  following  is  the  order  in  which  the  minerals 
poiie»aed  of  this  property  will  come  under  our  notice  : 

1.  Boracite. 
52.  Topaz. 
5.  Axintte. 

4.  Mesotype. 

5.  Tourmaline. 

6.  Prehnite. 
7*  Calamine, 
O-  Sphcoe, 


I.  Borate  6f  magnesia  (Boradte,) 

(204,)  In  1791,  the  Abbe  HaCiy  having  received  two 

crystals  of  this  substance,  undertook  a  careful  exami- 
nation  of  their  physical  characteristics.  Having 
exposed  them  to  the  action  of  heat,  he  perceived  upoa 
presenting  them  to  the  electroscope,  that  they  were 
possessed  of  electrical  properties.  Tiie  next  point 
was  to  ascertain  the  position  of  their  elect ric  poles, 
which  the  analogy  of  the  tourmaline  had  led  him  to 
exjject.  By  turning  the  crystal  about^  oj)poaite  to  the 
extremity  of  an  excited  needle^  he  was  surprised  by 
the  att ructions  and  repulsirms,  which  bucceedcd  each 
other  with  such  rapidity,  as  to  make  it  difficult  to 
determine  the  points  upon  which  the  opposite  elec- 
tricities resided.  Reasoning  upon  this  new  fact,  and 
instituting  a  sort  of  comparison  between  the  substance 
before  him  and  the  tourmaline ;  he  considered  that 
aa  the  latter  from  hs  crystalline  form  possessed  but 
one  axis,  w hich  coincided  with  that  of  the  nucleus, 
and  that,  consequently,  it  ought  only  to  possess  two 
electric  poles,  situate  at  the  two  extremities  of  that 
axis*  The  boracite,  on  the  other  hand,  having  a  cube 
for  its  nucleus  possessed  four  axes,  each  of  which 
passed  through  twooi^posite  solid  angles;  from  whence 
it  would  foUow  that  there  ought  to  be  eight  electrical 
poles  J  two  for  each  axis.  Experiment  verified  this 
conjecture  j  and  the  |JOsition  of  the  poles  was  found 
to  be  so  arranged,  that  taken  four  and  four  with  re-* 
fercQce  to  each  kind  of  electricity,  each  alternate  one 
possessed  the  o[i[>osite  property. 

At  that  time  M.  Jlaiiy  had  not  carefully  examined 
the  facetles  which  uuulilied  t!ic  cubic  crystal,  but  the 
remark  which  he  had  been  led  to  make,  upon  the 
positions  of  the  electrical  poles,  induced  him  to  fix, 
his  attention  particularly  upon  the  points  at  which 
tliese  poles  were  situate.  He  already  knew^  that  tour- 
malines deviated  from  the  perfect  symmetry  of  ordinary 
mineral  forms,  by  a  difference  of  conformation  in  their 
eummits,  due  to  the  intluence  which  the  electrical 
forces  had  exerted  upon  their  crvstullizatiun.  And 
as  the  same  disturbing  forces  had  existed  during  the 
formation  of  the  crystals  of  boracite,  the  Abbe  ex- 
pected that  some  analogy  would  be  found  to  exist 
between  these  and  the  tourmalines  with  regard  to 
external  form;  and  in  fact,  by  an  attentive  examina- 
tion of  the  parts  of  the  cube  at  which  the  opposite 
electricities  ap|>eared,  he  remarked  that  some  pre- 
sented solid  angles  complete,  while  others  presented 
certain  small  planes  which  intercepted  the  opposite 
angles.  The  resinous  electricity  was  situate  at  the 
complete  angles,  and  the  vitreous  electricity  at  the 
facettes  opposed  to  those  angles. 

Some  time  afterwards  having  received  crystals  of  a 
second  variety  j  he  found  that  these  had  all  their 
solid  angles  replaced  by  planes,  and  as  the  same  took 
place  with  regard  to  their  edges  also,  they  appeared 
at  first  to  be  only  cubes  truncated  upon  all  their  solid 
angles  and  all  liieir  edges,  and  such  in  fact  was  the 
description  given  of  them  by  Westrumh  and  others, 
who  had  examined  them.  But  uiion  this  hypothesis 
the  symmetry  would  not  have  undergone  any  sjteration, 
and  yet  every  thing  seemed  to  point  out  some  such 
change;  or  else  symmetry  would  itself  become  anoma- 
lous in  exhibiting  itself  upon  certain  crystals,  while 
others  prf^sented   di***inulttrity  in   the   forms  of  their 
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..Atdlttl  opposite  poles.  By  a  more  minute  examin&tioiix 
Bteetridty.  however,  it  appeared  that  around  the  facettes,  which 
^'^■'V^'^^  had  replaced  the  solid  angles,  which  were  complete 
in  the  first  variety,  there  were  three  other  small  planes, 
to  which  there  were  no  corresponding  ones  at  the 
opposite  extremity  of  each  axis.  These  were  exceed- 
ingly small,  and  would  have  escaped  the  eye,  had  not 
their  existence  been  connected  with  a  certain  physical 
fact,  which  called  for  a  search  after  their  presence. 
In  this  case  it  might  be  said  that  crystallization  had 
only  unwillingly  submitted  to  the  force  which  tended 
to  remove  it  from  its  ordinary  course* 
'  Every  variety  of  this  mineral  subsequently  exa- 
mined, presented  the  same  variation  from  the  laws  of 
symmetry ;  it  would  appear  that  the  two  fluids,  which 
are  endowed  with  opposite  properties,  have  introduced 
some  discdrdancy  among  the  harmony  of  their  crystal- 
line form.  Of  the  eight  solid  angles  of  the  cube^  four 
are  always  replaced  by  single  planes  -,  the  remaining 
four  either  remain  untouched,  or  arc  replaced  by  more 
than  one  plane.  The  vitreous  electricity  always  re- 
sides at  the  former  angles^  and  the  resinous  upon  the 
latter. 

•  The  electricity  of  these  crystals  is  generally  sensibly 
less  than  that  of  the  tounnaline.  Experiments  for  it3 
exhibition  require  much  delicacy,  especiaUy  with  re- 
spect to  the  repulsive  effects  which  exist  only  through- 
out a  very  smsdl  space ;  so  that  to  obtain  the  repulsive 
action  of  a  resinous  pole,  upon  a  body  resinously  elec- 
trified, it  is  essential  that  this  latter  body  should  be 
directed  exactly  to  the  repulsive  point,  otherwise 
attraction  will  take  place  towards  the  adjacent  parts^ 
which  are  in  their  natural  state,  or  nearly  so. 

Haiiy,  An,  de  Chimie,  tom.  ix.  p.  69  -,  Ibid.  TraiU 
de  Min^rahgie,  vol.  ii.  p.  60,  edit.  2d. 

2.  Topaz  {sUiciousJluate  of  alumina,) 

Topaz.  "  /^^5.)  The  excitability  of  the  topaz  upon  the  ap- 
plication of  heat,  was  discovered  by  Mr.  Canton  in 
1760.  For  the  most  accurate  examination  of  its 
habitudes,  we  must,  however,  again  refer  to  the 
Abb^  Haiiy.  He  states,  that  at  first  he  had  supposed 
the  Brazilian  and  Siberian  topazes  alone  possessed 
this  property  3  but  that  he  had  subsequently  dis- 
covered it  in  some  of  the  Saxony  ones,  although  these 
required  to  be  insulated  previously  to  its  develope- 
ment.  The  Siberian  varieties  are  capable  of  retaining 
the  electricity  acquired  by  heat,  for  many  hours. 

The  transparent  topazes  only  require  a  slight  fric- 
tion for  the  developement  of  their  electrical  properties, 
or  even  manifest  them  upon  pressure  between  the 
fingers.  The  duration  of  excitation  upon  this  mine- 
ral, is,  perhaps,  greater  than  upon  any  other,  with  the 
exception  of  transparent  carbonate  of  lime.  The  blue 
topazes  of  Scotland  have  similar  properties. 

The  electric  poles  of  the  topaz  are  situate  upon  the 
two  opposite  summits  of  the  secondary  crystal,  but 
among  some  topazes  from  Siberia,  Hatty  recognised 
one  with  a  singular  property,  which  he  thus  de- 
scribes : 

"  In  attempting  to  determine  its  electric  poles,  I 
observed  that  both  its  extremities  were  resinously 
electrified,  while  the  intermediate  part  of  the  crystal 
^  gave  indications  of  vitreous  electricity.  This  fact  has 
a  considerable  degree  of  similarity  to  one  presented 
by  certain  magnets  which  contain  a  consecutive  series 
of  opposite  poles.     lam  not  awar«  that- a  e«riM   oi 


consecutive  poles  has  been  before  remarked   in  an  Chajg. 
electrified  body."  *"*"**N 

Priestley's  Hist.  Elect,  p.  3^4  -,  Wilson,  Phil.  Trans. 
1762,  p.  44  5  Hatty,  An.  de  Mus.  No.  5.  p.  330}  Ibid. 
No.  15.  p.  1  j  Ibid.  Traitide  Min&alogie,  voL  ii.  p.  153. 
edit.  2d. 

3.  Axinite. 

(206.)  It  was  first  remarked  by  M.  Brard,  that  some 
crystals  of  this  mineral  became  electric  by  heat. 
Upon  this,  Hatty  attentively  examined  many  crystals 
of axinite,  and. found  several  among  them  departing 
from  the  perfectly  symmetrical  form ;  and  such  were 
precisely  the  specimens  wherein  it  was  possible  to 
develope  electrical  excitation  by  this  method.  A  more 
minute  examination  of  the  crystalline  forms  of  this 
substance^  with  a  comparative  reference  to  its  elec- 
trical properties,  was  a  task  which,  had  life  l>eeaL 
longer  continued  to  this  distinguished  mineralogist^  it 
was  his  intention  to  have  undertaken. 

Brard^  Manuel  du  Min^alogiste  et  du  Gdologut 
VoyageuT^  Hatty^  Trmti  de  Min&alogie,  voL  ii.  p.  sSo, 
edit.  2d. 

4.  Mesotf/pe^ 

(207.)  M.  Hatty'  has  added  this  mineral  to  the 
number  of  those  in  which  heat  is  capable  of  develop- 
ing electrical  excitation.  Some  crystals  have  this 
property,  others  have  not ;  but  in  one  fragment  the 
Abb^  was  able  to  recognise  the  distinct  effects  of'* 
electrical  polarity. 

The  analogy  presented  by  all  minerals  thus  cir- 
cumstanced, would  lead  to  the  supposition  that  those 
crystals  which  are  possessed  of  this  property,  are  oof 
perfecly  symmetrical  in  their  forms ;  but  this  is  a 
subject  left  for  the  future  researches  of  the  mi- 
neralogist. 

Hatty,  Jour,  des  Mines,  No.  xiv.  p.  87  j  Ibid.  TraM 
de  Minl^ralogie,  toI.  iii.  p.  160.  edit.  2d. 

5.  TourmaUne. 

(208.)  In  the  historical  introduction  to  this  article,  Tovra 
we  have  mentioned  the  description  by  Theophrastus  ^i*^. 
of  a  stone,  the  lyncurium,  of  great  hardness,  very 
difficult  to  polish,  used  for  seals,  and  possessing  the 
same  properties  as  amber  in  the  attraction  of  Hght 
bodies.  Dr.  Watson  has  ably  identified  this  stone 
with  the  tourmaline  of  modern  mineralogists,  and  the 
singularity  of  its  electrical  affections,  has  brought  it 
under  the  notice  of  some  of  the  most  acute  modem 
experimentalists. 

In  the  year  1717>  M.  Lemery,  of  the  French  Aca- 
demy, ejdiibited  to  the  members  of  that  body,  a 
specimen  of  this  mineral  from  Ceylon.  In  his 
Memoir  he  styles  it  pierre  de  VJsle  de  Ceylon,  qui  alHre 
et  repousse  differens  corps,  mais  d'une  mani^re  different e 
de  Vaimaht.  Linnsus,  mentioning  these  experiments 
of  Lemery,  gives  to  the  stone  the  name  of  the  lopU 
electricus. 

The  Duke  de  Noya  states,  in  his  Treatise,  that 
during  his  residence  at  Naples,  in  the  year  1743, 
Count  Pichetti,  the  King's  Secretary,  informed  him 
that  he  had  seen  at  Constantinople  a  stone,  called 
tourmaline,  which  was  possessed  of  attractive  and 
repulsive  properties.  This  circumstance  he  had  for- 
gotten, until  the  year  1758,  the  sight  of  Bome  more 
of  these  gems  in  Holland  brou5in;  the  fact  to  his 


lidc*l  remembrance*  He  then  purcliased  the  fi|)ecimena, 
and,  in  coojunction  with  MM,  Baiibenton  and  Adan- 
soa,  made  a  series  of  experiments,  and  published  ihe 
results  which  they  obtained.  In  1756.  however, 
Spinas  published,  in  the  Memoirs  of  the  Berlin  Jcademtf, 
a  paper,  De  quittusdarn  experitnejitU  ehctrkis  notabi- 
hoffihrn ;  these  experimeni?  had  been  made  upon  two 
CTTstals  of  tourmaline,  witb  which  he  had  been  fur- 
nished by  Lechman.  Mr.  Wilson  and  Dr.  Friesiley 
were  also  industrious  labourers  in  these  fields  of 
research. 

j^hould  any  description  of  the  tourmaline  be  thniight 
necessary,  it  may  thus  be  summarily  given.  It  hag 
every  variety  of  colour  from  b]ac4i|  dctfp  blue,  deep 
green,  brown,  to  alight  ^reen,  hair  brown  or  yellow, 
S,  G.  3 — 3  '4.  Scratches  glass.  Is  doubly  refractive 
in  a  slight  degree*  Is  frequently  transparent  in  a 
direction  perpendicular  to  the  axis  of  its  primitive 
crj'Stids,  but  perfectly  opitque  in  the  direction  of  that 
Wtis.  Its  crystals  are  usually  prisms,  having-  an  odd 
ntimber  of  lateral  planes,  terminated  by  summits  of 
three,  six,  nine,  or  more  faces.  Fuses  before  the 
blowpipe  into  a  white  or  grey  enamel.  The  electricity 
dereloped  by  friction  is  vitreous*  but  when  two  tour- 
malines are  rubbed  against  each  i>tber,  the  one  acquires 
the  vitreous,  the  other  the  resinous  electricity. 
In  addition  to  the  excitability  from  heat,  remarKed 
Lecuery,  ^©pinus  discovered  the  electrical  polarity 
the  tourmaline  ;  which  he  justly  compared  to  the 
WQ  effects  of  magnetism.  He  states*  that  if  the 
lioeral  be  brought  to  a  heat  between  {^9\  and  1X9,  of 
euheit,  one  extremity  acquires  the  vitreous, and  the 
other  the  resinous  electricity,  so  as  to  be  capal>le  of 
affecting  a  delicate  electroscope.  Mr.  Wilson  heated 
t  toarmaline  intensely  in  a  fire  for  half  an  hour,  and 
did  not  find  that  any  diminution  took  place  in  its 
electrical  properties.  By  plunging  the  stone  into 
cold  water,  after  it  had  been  made  red-hot,  it  was 
not  broken  to  piecesj  but  became  shivered  throughout, 
aad  h2id  lost  its  electrical  powers.  Mr,  Canton,  how- 
ever, found  in  one  case  that  he  was  able  to  destroy 
the  electricity  by  heat,  but  that  in  some  others  he  was 
not  able  to  do  bo.  This  subject  has  attracted  the 
attention  of  the  Abbe  Hafiy  also  j  he  found  that  a 
totirmaline  may  be  raised  to  such  an  intense  degree 
of  heat  as  to  no  longer  exhibit  any  electricity.  As 
the  stone  gradually  cooled,  the  attractive  properties 
agiin  pre^?nted  themselves^  and,  in  fact,  it  appeared 
that  the  electric  condition  of  the  mineral  underwent 
Miae  very  singular  change,  by  which  the  poles  were 
Altnler\als  reversed,  each  passing  through  an  inter- 
mediate state  in  which  no  excitation  was  apparent* 
This  fact  is  analogous  to  some  which  the  recent  themo* 
electric  discoveries  have  brought  to  light. 

Before  we  proceed  to  mention  his  results,  we  may 

W  ex|.»ected  to  describe  the  apparatus   employed   by 

the  Abb«5   Haiiy,   in   his  researches  upon  the    tour- 

ttialine.      Fig,   41    represents  a   common   support  of 

Steel  a  h,  fixed  into  a  foot  c  c',  and  surmounted  by  a 

sharp  ftteel  point  a  ^,     The  transverse  part  consists 

priQcijjally  of  a  rectangular  plate  of  nielul  h  k,  bent  up 

flquare  at  its  two  extremities,  in  which  two   notches 

0.  f,  ore  cut*     This  phue  is  pierced  in  the  middle  by 

1  circular  hole  which  receives  a  small  agate  cap  t, 

which  is  confined  by  a  metal  rim   and    two   screws 

f,  I,     The  needle  a  g,  serving  for  a  pivot,  enters  into 

n  cavity  on  th«  under  side  of  the  cap.  Toward* 


T  Y. 

the  extremities  of  the  inferior  snrface  of  the  plate  h  Je,  Chap.  VIL] 
there  are  two  wires  affixed,  pi,  i/^,  directed  rather  ^^^^y  ^^ 
obliquely  from  that  surface,  and  terminated  by  two 
small  balls  i,|f,  both  of  metal.  These  balls  are  for 
the  jiurpose  of  lowering  the  centre  of  gravity  of  the 
whole  lamina,  so  that  it  may  not  fall  during  its  rota- 
tion upon  the  pivot. 

Suppose  now  that  we  wish  to  determine  the  two 
kinds  of  electricity  which  affect  the  poles  of  a 
tourmaline.  The  Spanish  crystals  fire  well  adapted 
to  these  experiments.  Having  heated  one  of  these^ 
let  it  be  placed  in  the  notch  h  k,  and  present  to  both 
its  extremities  in  succession,  and  at  a  small  distance^ 
some  other  substance  excited  by  friction.  Stippose. 
for  examplci  this  is  a  stick  of  wax,  then  the  pole  of 
the  tourmaline,  which  manifests  repulsion,  will  be  the 
resinous  one,  and  that  which  produces  attraction  will 
be  the  vitreous  one.  It  is  convenient  to  preserve  one 
tourmaline,  the  poles  of  which  liave  been  ascertained 
and  marked,  to  serve  as  a  standard  for  the  comparison 
of  all  others. 

By  examining  the  distribution  of  electricity  upon 
an  excited  tourmaline,  Haiiy  found  that  the  quantitative 
arrangement  of  the  fluid  might  be  compared  to  that 
upon  any  excited  cylinder  j  there  being  a  space  of 
considerable  extent  throughout  the  middle  of  the 
crystal,  where  it  was  almost  impossible  to  detect  the 
presence  of  any  free  electricity  j  and  that  the  principal 
accumulation  was  at  the  extremities  of  the  prism* 
If  a  tourmaline  excited  by  heat,  be  broken  into  pieces* 
each  fragment  will  be  found  to  possess  a  vitreous  and 
a  resinous  pole,  in  this  respect  presenting  a  fact  strictly 
analogous  to  that  which  is  observed  in  magnetic  bodies, 

Lemery,  M^m.  Jc(f*L  Par,  1717  ;  Linnsei  Hora  Zey 
ianka;  ^^pinus,  Mem,  Acad.  BeroL  17^^;  Noya  Caraffa, 
Essai  sur  te  Tourmaline,  Paris,  1730  ;  Wilson,  Phil, 
Trans.  1*59,  p.  3DS;  W^atson,  on  the  Lyncurium,  PhiL 
Trmts.  17 5i),  397 ;  j^vpinus,  Recudl  de  Mtmoira  sur 
la  Totirjnalme,  Petersburg,  1762,  8vo.  j  Bergman, 
Phil.  Trans.  17 G6;  Bergman's  Opttsi\  vol  v.  p.  401  ; 
Priestley,  Hisiortf  of  Elect ricittf,  p.  314  ;  Ibid.  Own 
Exptriments,  p.  697  \  W'ilcke,  Ahhandlangpn  der  Klimg- 
lichen  SchwedijicheH  Acad,  xxviii.  p.9r»,  and  xxx,  p.  105  f 
Zallinger,  von  ToMrJHt/^i/*,  Vienna,  17795  Hauy,  Mew, 
Acad,  Par,  17H5,  p.  206 ;  Napioni,  sut  Ltfitvurio, 
Rome,  1795,  4to.j  Ilaiiy,  Mintruhgk^  vol.  i.  p.  206, 
edit.  2d 

6,  Frehnite. 

(^09.)  The  crystalline  form  of  prehnite  is  a  right  Prchmte* 
rhomboidal  prism.  It  is  capable  of  becoming  elec* 
trical  by  the  application  of  heat  j  and  the  direction 
of  its  poles  is  found  to  be  parallel  with  the  smaller 
diagonal  of  the  crystal ;  while  in  the  mesotype,  the 
direction  of  the  electric  poles  corresponds  with  that 
of  the  axis  of  the  crystaL 

Haiiy,  Mm^rahgie,  vol,  ii.  p,  C04. 

7.  Calamine, 

(510.)  The  electrical  properties  of  this  mineral,  Cft!amln«^ 
which  is  an  oxide  of  zinc,  w^ere  recognised  by  Haiiy 
in  1785.  It  appears  from  his  statement,  that  all  those 
specimens  which  present  appearances  of  crystalliza- 
tion are  capable  of  excitement  by  heat  3  and  that, 
like  tourmaline,  they  are  possessed  of  polarity  j  and 
also  undergo  the  reversion  of  their  poles,  already  re* 
marked,  during  the  process  of  cooling, 

Iliiiiy,  Miuf^alfi^'fr,  voL  iv.   p.  It^O.   edit,  2d, 
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8.  Sphene;  caicareo-nlidous  oxide  of  Himiium, 

TjrabCical        ,        ^    ^^  ^  ,        .         .  ^   ,  ,    , 

Electricity.      (^H.)  Of  this  mineral  some  of  the  crystals  become 

v^..*^^^.^/  electrical  by  heat.     Haily  informs  us,  that  in  general 

Sphene.      the  electricity  which  they  acquire  is  but  feeble,  so 

that  it  can  only  be  discovered  by  diligent  search,  but 

that  its  presence  is  indisputable.     As  in  the  case  of 

axinite,  it  is  only  in  some  specimens  that  this  property 

of  thermo-electricity  can  be  recognised. 

Haiiy,  M^m,  Acad.  Par,  1785,  p.  207  3  Haiiy,  Mi- 
neralogie,  voL  iv.  p.  363.  edit.  2d. 

(212.)  It  may  not  as  yet  have  been  sufficiently  ex- 
plained, that  as  far  as  observations  have  hitherto 
extended  to  a  subject  confessedly  of  great  intricacy^ 
the  property  of  electro -polarity  in  mineral  bodies  is 
intimately  connected  with  the  phenomena  of  crystal^* 
lization.  Generally  speaking,  the  corresponding  parts 
of  crystals  are  similar  in  their  number,  their  form, 
and  in  the  arran.^^ment  of  their  planes.  But  those 
crystals  which  become  electrical  by  heat,  depart  from 
that  strict  symmetrical  arrangement,  so  that  one  of 
those  points,  upon  which  the  electricity  resides, 
exhibits  the  result  of  decrements  which  have  not 
taken  place  upon  the  opposite  corresponding  point. 

The  opinion  of  the  Abb^  Haiiy,  to  whom  .science  is 
indebted  for  this  discovery,  is,  that  during  the  forma^ 
tion  of  these  crystals,  the  two  electrical  tiuids  exerted 
upon  the  laws  of  structure,  certain  opposite  influences 
which  have  left  their  impression  upon  the  crystalline 
form.  That  the  crystals  which  possess  these  singu- 
larities of  electrical  action,  are  not  symmetrical  is 
true,  as  £Ar  as  we  at  present  know.  This  may  be  seen 
in  tourmaline,  boracite,  axinite,  and  topaz,  and 
although  it  has  not  been  distinctly  proved  of  the 
other  thermo-electric  minerals,  yet  the  imperfection 
and  smallness  of  their  crystals  seem  to  be  the  only 
reason  which  has  left  the  generality  of  this  law  em- 
barrassed with  any  degree  of  uncertainty.  It  is  also 
found,  that  the  resinous  electricity  invariably  resides 
at  that  extremity  of  the  electrical  axis  which  has  the 
smallest  number  of  planes;  and  of  course  the  vitreous 
electricity  will  appear  upon  that  extreme  which  is  the 
more  complicated  of  the  two.  For  instance,  the 
most  common  variety  of  tourmaline,  which  has  its 
extremities  complete,  consists  of  a  prism  having 
nine  lateral  planes,  and  at  one  summit  three  faces, 
corresponding  with  the  planes  of  the  primar}'  form, 
while  at  the  other  summit  are  the  corresponding  three, 
and  also  three  other  planes,  making  six  in  all.  The 
former  summit  is  the  position  of  the  resinous,  and 
the  latter,  that  of  the  vitreous  electrical  pole.  A 
similar  irregularity  has  been  already  mentioned  as 
belonging  to  the  borate  of  magnesia. 
Haiiy,  Min^ralogie,  vol.  i.  p.  204. 

§  IV.  Electricity  of  the  atmosphere. 

(213.)  In  the  historical  introduction  to  this  article, 
some  instances  have  already  been  mentioned,  in  which 
the  electricity  of  the  atmosphere  produced  phenomena 
of  sufficient  importance  to  attract  the  attention  of  the 
early  naturalists  and  historian^. 
^  It  was  not,  however,  until  about  the  middle  of  the 
eighteenth  century  that  any  accurate  or  scientific  re- 
searches had  been  made  on  this  subject.  M.  le  Mon- 
nier  communicated  to  the  Academy  of  Sciences  at 
Paris,  the  results  of  certain  experiments  made  by  him- 
self at  Hu  Germain  en  I/aye,  in  the  Utter  pcM4  o£  the  year 


1752.  '  He  hada  pde  fixed  vertically  into  tibe ground^  Cligl 
which,  at  a  height  of  thirty-two  French  feet,  bore  an  ^-^ 
insulated  tin  point,  from  which  a  metallic  wire  coa-     - 
veycd  the  electricity  to  an  electroscope,  or  any  other 
convenient  apparatus  for  its  examination. 

The  general  statement  of  his  result  is,  that  somo 
electricity  might  always  be  detected  in  the  atmosphere ; 
that  in  dry  weather  it  was  scarcely  perceptible  at  sun<« 
rise,  but  increased  gradually  until  three  or  four  o'clock 
in  the  afternoon  ;  it  then  diminished  until  the  even^* 
ing  fall  of  dew,  at  which  time  it  increased,  and  by  a 
subsequent  diminution  it  became  almost  insensible  at 
midnight 

The  general  variations  in  the  electrical  state  of  the 
i^tmosphere,  have  been  patiently  investigated  bj 
Bdazeas,  Beccaria,  Kinnersley,  DeLuc,  Read,  Saussure^ 
and  others  *,  but  as  these  may  be  reduced  to  a  tabular 
form,  and  more  properly  fah  under  the  registers  «f 
the  Meteorologist,  we  refer  them  to  tlie  article  pecn- 
liariy  devoted  to  Uu&t  subject. 

(214.)  Dissimilar  objects  of  pursuit,  or  the  conir 
pulsion  of  local  circumstances,  have  introduced  a 
great  and  undescribable  variety  of  instruments  for  tha 
examination  or  reception  of  atmospheric  electricity. 
All  however  may  be  reduced  to  three  general  forms* 
A  commou*  kite  was  employed  by  Franklin,  Rodmuu 
Cavallo,  and  others.  It  requires  no  pecnliarity  d 
construction,  except  that  a  pointed  wire  must  extend 
a  short  distance  above  the  top  of  the  kite,  and  to 
this  must  be  attached  a  fine  wire  continuing  dowk 
either  within  the  string  or  along  its  course  quite  to 
the  earth.  Indications  of  electricity  may  almoeC 
always  be  obtained  by  elevating  this  apparatus ;  boi 
on  the  approach  of  thunder  clouds,  the  electricity  k 
very  powerful,  and  the  experiment  is  one  of  great 
danger,  unless  proper  precautions  be  made  use  06 
These  are  described  in  the  writings  of  Cavallo,  Read^ 
Cuthbertson,  &c. 

If,  instead  of  being  carried  up  by  a  kite,  a  coar 
siderable  length  of  insulated  wire  be  extended  ho- 
rizontally above  the  earth,  it  is  found  frequently  to 
accumulate  a  very  considerable  quantity  of  electricity. 
Such  were  the  conductors  of  Ronayne,  Mr.  Croaae^ 
and  some  others. 

The  experiments  of  Mr.  Read  and  Mr.  Singer  ap« 
pear  princqjally  to  have  been  made  by  means  of  a 
conductor  placed  vertically  in  the  ground.  The 
advantages  of  such  an  instrument  would  arise  fom 
its  being  constantly  ready  for  use,  and  little  expoaed 
to  injury,  but  for  extent  of  elevation  it  is  much  inforior 
to  the  kite. 

(215.)  Dr.  Wall,  Grey,  the  Abb^  Nollet,  and  several  Hun 
others,  had  observed  certain  instances  of  striking  and  I 
analogy  between  the  electric  sparks  and^the  sponta«  ■"■^ 
neous  discharges  of  the  atmosphere,  well  known  by 
the  name  of  thunder  and  lightning.  Franklin  drew 
up  a  scheme  exhibiting  these  analogies,  professing  aa 
intention  to  submit  the  question  to  the  test  of  expe* 
riment.  Before,  however,  the  American  philosopher 
could  put  his  design  into  execution,  it  would  appear 
that  Buffon  had  elevated  a  conducting- rod  upon  the 
tower  of  Montbar,  and  that  Dallibard  had  obtained 
some  splendid  electrical  eflfects  by  employing  a  similar 
apparatus.  It  would  appear,  from  a  decision  of  tha 
Academy  of  Sciences,  dated  Fe6ruary4,  1764,  that 
M.  de  Romas  was  the  first  person  who  elevated  aa 
electrical  kite;   but  it  is  also  «lear  that   Fhiaklia 
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[jrerified  hh  conjecture  and  completed   hm  discovery, 

vjadepeodently  of  the   P>ench  experimentalisls.     Few 

'  expert  menu,    or    perhaps   none>    are    attended  with 

Mich  ioipo&in^  g^randeiir  ad  those  by  which  copiouB 

quantities  of  atmospheric  electricity  are  intercepted, 

luid  exhibited  in  a  state   subservient  to  the  will  of 

I  pum  ;   but  at  the  eanie  time  it  must  be  remarked  that 

,ftoae  r«H)uire   §^reater  cautinn   owing  to  the   danger 

I  necessarily  attendant  ypon  theui. 

(^1*>.)  Having  thus  briefly  traced  the  discovery  of 
Ihe  true  nature  of  thunder  and  liglittiing,  we  cannot 
be  surprised  that  philosophers  should  have  attempted 
to  ai^ly  their  newly -acquired  information,  to  the  use- 
ful purpose  of  preventing  those  dreadt'til  elfects  with 
which  the  spontaneous  discharges  of  the  atmospheric 
electricity  had  so  frequently  been  attended. 

As  ^r  115  we  can  ascertain^  Franklin  was  the  first 
to  propose  the  application  of  a  conducting*roil  to  the 
exterior  of  a  buildingj  in  order  to  protect  it  from  the 
lig^htnin^.  It  appeared  very  clear,  that  if  a  cloud 
%hly  charged  with  electricity  came  within  a  small 
dituuiee  of  a  house,  the  mast  of  a  ship,  or  a  treCj,  a 
di«ehaf^  might  take  place,  and  if  the  body  w^ere  not 
tkrougbont  a  good  conductor^  the  passage  of  the  fluid 
iRmld  be  marked  by  those  violent  effects  which  we 
have  so  often  described.  But  if,  in  such  a  ease,  a 
meiftl  rod  were  affixed  to  the  buikUng,  the  electrical 
cfaar^  might  be  quietly  conducted  away  without 
^Jurther  damage. 

Conductors  to  buildings  were  then  geoe rally  con- 
sidered a  mode  of  protecting  them  from  lightning  j 
hut  in  this  country  a  discussion  arose  among  some  of 
the  Members  of  the  Hoyal  Society,  whetlier  these 
QOiductars  should  have  their  summits  terminated  by 
^|riU5  cm-  points.  The  latter  in  the  end  were  most 
11  y  adopted. 
(517*)  The  directions  for  the  formation  of  proper 
conductors  to  buildings  have  been  most  clearly  laid 
by  jMr,  Moi^n.  The  conductor  should  be 
aed  of  a  rod  of  iron  or  copper,  about  half  or 
hree- quarters  of  an  inch  in  diameter^  Its  point 
hould  reach  four  or  five  feet  at  least  above  the  liighest 
point  of  the  building  it  is  intended  to  protect,  and  its 
lower  end  must  either  terminate  in  a  reservoir  of 
water,  or  be  afiited  deeply  into  the  earth.  In  large 
buildings  it  is  advisable  to  have  more  than  one  of 
Ibese  rods,  and  great  additional  security  will  be  ob- 
teined  by  nailing  strips  of  leatl  round  all  the  project- 
m§  points  of  the  roof,  at  the  same  time  allowing  the 
kid  to  commtmicate  freely  wtth  ttic  vertical  rods. 

The  conductors  for  ships,  wbeu  employed;,  are  made 
of  ehaios,  and  affixed  to  the  masts- 

(^ISr)  How  far  the  aurora  borealis  may  be  a  tme 
tiectrical  discharge,  or  how  far  as  recent  experimente 
tvou Id  almost  lead  one  to  suppose,  it  is  only  a  visible 
ritate  of  a  general  current  of  electrical  fluid  always 
circulating  in  our  terrestrial  system,  are  points  of 
culty  which  we  must  leave  iVir  further  invest  iga- 
This  only  is  known,  that  the  changes  of  at- 
electricity  sometimes  are  continued,  and 
lies  not,  during  the  exhibition  of  the  aurora; 
tliat  no  very  strong  bond  of  connection  has  yet 
I  observed  to  subsist  between  them. 
*Ihe  ^re  of  St. Elmo,  so  frequently  seen  upon  the 
ItoBAfes  of  vessels  in  the  Mediterranean,  and  from 
very  early  times  connected  with  the  names  of  Castor 
•id  PoUiiaty  me^s  with  a  very  simple  explanation  on 


the  principle  of  a  pointed  conductor  imbibing  elec-  Chap, VII* 
tricity  from  a  strongly  excited  atmosphere.     On  this  ^-^^-y-^^ 
ground  also,  there  may  be  reason  in  the  suppot«tiou  of 
the     sailorSj   who,    invariably,   consider   this    [ircter- 
natnral  a]>pcarance  as  the  forerunner  of  changes  la 
the  weather. 

Very  numerous  have  been  the  attempts  to  identiiy 
or  connect  electricity  with  the  causes  of  water^spouts, 
meteors,  and  other  terrestrial  phenomena,  byt  on 
these  points  little  of  certainty  has  yet  been  asccrt^dned* 
A  very  considerable  portion  of  the  elaborate  little 
Treatise  on  Electricity,  by  the  late  Lord  .Stanhope,  is 
taken  up  with  explaining  what  he  termed  the  electrical 
returning  stroke  j  a  phenomenon  now  easily  accounted 
for  on  the  principles  of  electrical  induction,  while  at 
the  same  time  some  of  Lord  Stanhope's  cases  are 
instances  in  which  animals  have  been  killed  by  a 
discharge  proceeding  from  the  earth  and  passing 
through  tiicm.  Of  this  species  of  action  immerous 
instances  are  now  on  record,  and,  indeed,  it  is  evident^ 
upon  ordinary  electrical  principles,  that  if  two  clouds, 
or  one  cloud  and  the  earth  be  oppositely  excited  and 
charged,  the  spark  and  tlie  disclmrge  may  either  pass 
from  the  cloud  to  the  earth,  or  from  the  earth  to  the 
clouil,  as  circumstances  to  us  imperceptible  may 
direct, 

(219.)  The  changes  which  have  been  already  no-  Electricity 
ticcd,  with  reference  to  the  electrical  state  of  the  ^f  ^tiated 
atmosphere,  may  be  supposed  to  have  arisen  from  ^^' 
ordinary  natural  causes j  those  which  may  in  some 
sense  be  considered  as  the  production  of  artificial 
causes  of  impurity^  have  been  carefully  examined  by 
Mr,  Read,  of  Knight sbridge.  He  imagined  that  air, 
by  being  vitiated  even  in  a  small  degree  in  various 
ways,  as  by  respiration^  put  refaction  j  &c,  became 
resinously  electrified. 

The  room  in  which  he  usually  sat  was  small  and 
confinetl,  and  he  found  by  means  of  the  electrical 
doubler,  that  the  air  was  usually  in  this  state  of 
resinous  electricity,  wldle  that  of  an  adjoining  and 
lai^r  room  was  in  tiic  opposite  state.  Considering 
that  there  was  nothing  to  occasion  this  diSerence^ 
except  what  might  be  attributed  to  the  respiration 
and  ellluviMU  of  his  body,  he  thought  it  might  be 
possible  to  apply  that  principle  in  producing  a  change 
in  the  electricity  of  the  larger  room.  For  this  pur- 
pose he  invited  a  gentleman  to  sit  with  him  in  that 
apartment  after  having  closed  the  doors  and  windows^ 
the  day  being  still  and  warm,  with  the  thermometer 
at  7i>'^-  After  about  twenty  or  thirty  mi  mites,  he  found 
himself  in  a  state  of  profuse  persjii ration,  and,  upon 
working  the  doubler,  found,  as  he  had  expected,  that 
the  electricity  had  now  changed  to  the  resinous  state. 

The  air  of  his  sleeping- room  was  vitreous  in  the 
evening  at  his  going  to  bed  ;  but  upon  rising  at  six 
o'clock  the  following  morning,  it  %vas  found  to  be 
resinous,  Mr,  Head  was  also  surprised  to  find  the 
dispersion  of  electricity  greatly  increiised  by  this  state 
induced  upon  the  atuiosphere.  He  found  also  that 
the  confined  air  in  the  upper  part  of  his  house  W£iS 
resinous,  but  that  the  kitchen  and  cellars  were  in 
the  contrary  state  ^  but  after  the  two  kitchens  had 
been  filled  with  noxious  etlluvium  by  painting  and 
whitewashing,  the  electricity  became  resinous. 

Kiiightsbridgc  Charity-school,  which,  from  the 
number  of  children  conlincd  in  it,  was  liable  to  be- 
come filled  with  a  very  disag-reoable  smell,  especiolly 
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Practical    when  the  door  and  windows  were  shut,  was  frequently 

Etectricity,  examined,    and    found    to    indictite    strong     resinous 

^**"vr^^  electriciiy  ;  and  the  schoolmasler's  parloyr  iidjoiuing^ 

was  found  to  possess  rather  more   thau   its  due   pro* 

portion  of  vitreous  electricity. 

By  a  similar  examination  of  the  wards  of  the  Lock 
Hospital  with  the  doubler,  it  was  invariably  found 
that  the  close  and  confined  parts  were  resinously  elec- 
triciil ;  while  the  more  open  and  better  ventilated 
parts  were  ns  constantly  in  the  vitreous  state. 

The  doubler  was  placed  upon  a  heap  of  the  loppingg 
and  leaves  of  shrubs  in  a  state  of  putrefaction j  and 
with  some  difficulty  a  charge  of  weidc  resinous  elec- 
tricity was  obtained  from  the  ascending  vapour. 
The  surrounding  atmosphere  was  positive,  A  hot- 
house tilled  with  warm  and  moist  air^  was  also  found 
to  be  in  the  resinous  state.      Phil,  Trans.  1794,  p.  266. 

For  registers  of  atmospheric  electricity,  consult  the 
article  Mktf.orology  in  this  Work.  LeMonnier,M^m. 
Acad.  Par.  IJS'a,  p.  233,  ^40,  ^41  ;  JVIazeas,  Phil, 
Trans.  1753,  p.  377  ;  Beccaria,  Ekclritita  i  err  est  re 
Aimosphejica,  sec,  1087  j  Saussure,  Voijages  dans  ks 
Atpes,  torn.  iii.  p.  306,  Svo. ;  Gardini,  De  Inftuxu 
Electrivitatis  Aimospherttie,  sec.  50 ;  Ronayne,  PkU, 
Tram-.  1772  ;  Cavallo,  PhiL  Trans.  177^  and  1777  ; 
Achard,  Wm,  Acad.  Berlin,  IJ&f),  p,  14  j  also  178<5, 
p,  13  J  Bennet,  Phil  Traits.  17S7,  p.^6«  ;  Head,  PhiL 
Trans.  1791,  p.  185;  1792,  p.  225;  Read,  Summartf 
Viem  of  the  Eledrkitif  of  the  Earth  and  Atmosphere, 
Lond.  1793  i  Cotte,  Mem.  Acad,  Par.  177^  j  Erman, 
Jour,  de  Phys.  vol.  1.  p,  98, 

On  conductors  for  experiments,  see  Read,  PhiL 
Trans.  1791,  p.  135;  1792,  p.  225;  Cavullo,  PhiL 
Tram.  177*5,  p.  407;  Singer,  E/ec/iiti/j^,  p.  281. 

On  conductors  for  buildings,  consult  Watson,  PhiL 
Trans.  1764,  p.  201;  W'lhonJVtiLTrfins.  p,24ri  ;  Frank- 
lin's Letters,  p,  121  ;  Wilson,  PhiL  Trans.  1773,  p*  48; 
1778,  p.  232.  999;  1769,  p.  IfJO;  1770,  p,  IBB;  Le 
Roy,  Mem.  Acad.  I77O,  p.  53.  47^.580;  1773,  p.  599; 
also  PhiL  Trans,  1773,  p.  42 ;  Henley,  PhiL  Trans. 
im,  p.  133;  Nairne,  PhiL  Trans.  1778,  p.  623; 
Hegnier,  Mi'm,  de  f  Institute,  vol.  iv.  ;  Blagden,  PhiL 
Trans.  1792,  p.  355}  Stanhope,  PhiL  Tram.  1787, 
p.30 ;  Patterson,  Trans.  Amer.  PhiL  Soc.  voL  iii.  p.  321; 
Bertholon,  de  f  Elect ricite  des  Mti^ores,  torn,  i,  p,  193, 

On  electrical  kites,  see  Franklin,  PhiL  Tram.  1751, 
p.  565;  Cavallo,  PhiL  Trans,  1776,  p.  407;  also  1777, 
p.  48  ;  Bertholon,  de  I'EirctricitS  des  M^te'ores,  vol.  i, 
p.  51^  Cavallo's  Compkte  Treatise, 

5  V*  Electricittf  developed  in   the  evolution  of  gases  or 
vapours. 

It  is  the  opinion  of  some  philosophers,  that  no 
chemical  change  can  take  place  among  the  elementary 
moleeulcs  of  bodies,  without  being  attended  by  some 
electrical  effect,  although  this  effect  may  often  be  to 
us  inappreciable.  The  considerations  which  this  ques- 
tion involves  will,  with  greater  propriety,  be  brought 
forward  under  the  head  of  Voltaic  Electricity.  In  the 
instances  however,  which  the  title  of  this  section 
enumerates,  the  excitation  had  been  remarked  and 
examined,  long  before  that  branch  of  science  w^as 
known  to  the  world.  The  precise  physical  distinc- 
tion (if  any  such  exist)  between  a  gas  and  a  vapour, 
can  form  no  part  of  our  present  speculations,  neither 
ihall  we  here  attempt  lo  dutermine^  whether  in  the 


instances  about  to  be  recited,  depending  Upon  chemi-  ChMp. 
cal  processes,  the  electricity  evolvetl  is  due  to  the 
chemical  change ;  that  is  to  say,  to  the  new  modifica- 
tion undergcme  by  the  force  of  aflinity  j  or  simply  to 
the  physical  change  experienced  by  some  one  or  more 
of  the  elementary  molecules  of  the  substance  acted 
upon*  By  this  species  of  generalization  we  class 
together  the  effects  produced  during  the  vaporization 
of  a  liquid  ;  and  during  the  disengagement  of  a  gaa 
from  its  state  of  combination,  so  that  what  before 
was  a  component  part  in  a  solid  body,  is  enabled  to 
become  an  aeriform  Huid. 

(220,)  The  earliest  remarks  with  which  we  are  ac-  Vipo«i 
quainted,  referring  to  this  point,  are  from  two  of  the 
most  illustrious  philosophers  of  modern  times.  MM, 
Lavoisier  and  Lk  Place.  They  state,  that  bodies  in 
passing  from  the  solid  or  liquid  state  to  that  of 
vapour ;  and  conversely,  in  returning  from  the  aeri- 
form condition  to  the  liquid  or  solid  state,  give  un- 
equivocal signs  of  either  positive  or  negative  electricity. 
In  these  researches  they  employed  two  kinds  of  ap- 
paratus ;  in  both  the  substance  from  which  the  vapour 
was  produced,  was  Insulated  by  varnished  glass  sup- 
ports. If  they  had  reason  to  suppose  that  the  dis- 
engagement or  absorption  of  electric  matter  would 
be  slight  and  momentary,  they  allowed  the  vessel 
or  substance  to  communicate  freely  with  an  electro- 
scope J  but  if  they  had  reason  to  expect  that  the 
disengagement  or  absorption  would  be  gradual,  and 
of  some  continuance,  they  made  use  of  Volta's  con- 
denser. 

By  the  action  of  dilute  sulphuric  acid  upon  iron- 
filings,  a  violent  effervescence  was  produced,  with  the 
evolution  of  hydrogen  gas.  After  some  minutes  the 
electrometer  of  \'olta  was  found  so  highly  charged, 
as  to  be  capable  of  communicating  a  spark  j  and  the 
electricity  thus  produced  was  of  the  resinous  kind.  i 

By  the  action  of  very  dilute  sulphuric  acid  upon  I 

chalk,  a  very  copious  evolution  of  carhonic  acid  gas 
was  produced,  accompanied  by  electrical  excitation  5 
but  not  in  so  eminent  a  degree  as  in  the  former  expe- 
riment.    This  electricity  also  was  resinous. 

The  disengagement  of  nitrous  gas  produced  a  SLnit<* 
lar  result.  In  order  to  increase  the  effect,  they  com- 
bined together  the  action  of  six  vessels,  containing 
iron-Blings,  to  which  they  had  added  dilute  nitric 
acid.  The  effervescence  ami  production  of  gas  was 
extremely  energetic,  and  at  the  same  time  undoubted 
indications  of  resinous  electricity  were  obtained  ;  but 
as  this  experiment  was  made  under  unfavourable  cir- 
cumstances, the  excitement  was  very  feeble.  1 

Three  small  chafing-dishes  insulated,  and  tilled  with  « 

lighted  charcoal,  being  connected  with  Volta's  con*  I 

denser,  gave    such  manifest  indications  of  negative  I 

electricitv.  that  it  would  have  been  easy  to  have  ob- 
tained a  spark,  by  increasing  the  quantity  of  charcoal 
employetl  in  the  combustion. 

It  resulted  as  a  natural  supposition  from  these 
results,  that  substances  in  the  act  of  passing  into  the 
state  of  vapour,  *'  carried  off  electricity,'"  or,  as  we 
should  phrase  it,  disturbed  the  electrical  equilibriuia. 
between    themselves   and    the    surrounding    bodies.  1 

This  appearing  conformable  to  the  analogy  existing  » 

between  electricity  and  heat,  they  expected  that  in  the  ^ 
vaporization  of  water  negative  electricity  would  be  « 
developed.  Having  arranged  four  insulated  furnaces  ^ 
of  hi4mmcrcd  iroUj  so  that  they  iho*il4  communicate 
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Praetieal  by  Laroisier^  La  Place,  Volta,  and  Cavallo^  with  a 
^•^^'^^^^y*  prospect  of  obtaining  a  further  elucidation  of  the 
^^V^^  matter.  • 

Lavoisier  and  La  Place,  M^n,  Acad.  Par.  1781, 
p.  902;  Volta,  Jour,  de  Physique,  AoHi  1783,  p.  86 
and  96 ;  Bennet,  PhU.  Trans.  1787,  p.  34  3  Benedict 
de  Saussure,  Voyages  dam  les  Alpes,  vol.  ii.  p.  227, 
edit.  4to.  Neufchatel,  1786  ;  Cavallo,  CompleU  Treatise 
an  Electricity,  vol.  iii.  p.  270. 

}  VI.  Electricity  produced  by  the  separation  of  the  particles 
of  bodies. 

(224.)  Of  the  observation  of  this  fact,  we  are  not 
aware  of  any  earlier  instance  than  the  following  from 
Mr:  Bennet.  "  Breaking  the  glass  tear  upon  a  book 
electrified  it  negatively,  probably  by  friction  in  the  act 
of  shivering ;  for  when  broken  in  water,  it  did  not 
electrify  it."     PhiL  Trans.  1787,  p.  28. 

Mr.  Wilson  states,  that  if  a  piece  of  dry  and  worm 
wood  be  suddenly  rent  asunder,  the  two  surfaces 
which  have  separated  become  electrified,  the  one  vi- 
treously,  the  other  resinously.  The  same  is  remarked 
of  a  piece  of  Muscovy  glass,  (mica,)  and  at  the  same 
time  a  flash  of  light  is  perceptible  in  the  dark.  If  a 
stick  of  sealing-wax  also  be  broken  in  two,  the  sur- 
faces of  fracture  become  vitreously  and  resinously 
electrical  respectively. 

The  fracture  of  the  glass  tear,  or  Rupert's  drop, 
has  been  subsequently  examined  by  Dr.  Brewster,  in 
comiectioo  with  his  admirable  rescarclies  upon  light, 
the  origin  of  which,  in  this  instance,  he  seems  to 
consider  an  electricid  phenomenon.  **  Having  laid 
one  of  these  drops  upon  a  table  in  a  dark  room,  and 
covered  it  with  a  plate  of  thick  glass,  to  prevent  any 
of  the  fragments  from  reaching  the  eye,  the  drop  was 
burst  by  breaking  off  a  part  of  its  tail,  and  the  whole 
of  it  appeared  luminous  ;  so  that  at  the  instant  of  tlie 
fracture,  a  quantity  of  faint  light,  of  the  same  shape 
and  size  as  the  drop  itself,  was  distinctly  visible.  The 
same  light  appeared  when  these  drops  were  burst 
under  water." 

(225.)  We  are  under  some  doubt  whether  to  refer 
the  experiments  of  Mr.  Wilson^  upon  the  electricity 
produced  by  the  process  of  shaving  dry  wood,  to  the 
present  section,  or  to  consider  this  mode  of  excitation 
only  as  a  peculiar  species  of  friction.  In  fact,  the 
same  difficulty  applies  to  the  whulc  of  this  subject. 
There  can  be  no  doubt  that  in  the  process  of  breaking 
any  compact  body,  a  certain  kind  of  friction  takes 
place  between  the  proximate  particles  at  the  instant 
of  their  separation.  Thus,  perhaps,  the  electricity 
of  the  split  wood,  the  sealing-wax,  and  the  mica, 
might  be  accounted  for.  In  the  Rupert's  drop, 
Bennet  suspected  some  such  source  of  excitation, 
and  Dr.  Brewster  being  occupied  with  a  diflPerent 
object  of  incjuiry,  does  not  seem  to  have  examined 
the  electrical  state  of  the  powder.  Even  if  no  elec- 
tricity were  produced,  it  is  possible  that  the  concussion 
of  the  air  in  contact  with  the  Rupert's  drop  at  the 
instant  of  its  explosion,  might  be  sufficient  to  account 
for  the  production  of  light. 

Want  of  space  will  compel  us  to  pass  over  the  de- 
tail of  Mr.  Wilson's  curious  experiments  j  he  thus, 
however,  sums  up  his  own  result.  "  From  these  ex- 
periments it  appears,  that  when  very  dry  wood  is 
scraped  with  a  piece  of  window  glass,  the  shavings 
are  always  positively  electrified.     And  if  chipped  with 


a  knife,  the  chips  are  positively  electrified  if  the 
wood  is  hot,  the  edge  of  the  knife  not  very  sharp  \ 
and  negatively  electrified  if  the  wood  is  quite  cold. 
But  if  the  edge  of  the  knife  be  very  keen,  the  chips 
will  be  negatively  electrified,  whether  the  wood  is  hot 
or  cold.  ; 

*'  The  greatest  number  of  trials  was  made  with  an 
insulated  knife,  which   was  always   electrified    con-  ^ 

trarily  to  the  chips  ;  but  the  surface  of  the  wood  from  x: 

which  the  chips  were  cut,  was  very  seldom  electrified, 
and  when  it  was,  it  was  always  but  weakly  so,  and  of  ,^ 

the  same  denomination  as  that  of  the  weakest  of  the 
other  two.  ^^ 

It  has  recently  been  remarked,  that  in  some  water-  IT 

proof  cloths  manufactured  at  Glasgow,  where  two 
pieces  are  cemented  together  by  caoutchouc,  dissolved 
in  the  impure  naphtha  which  is  obtained  from  the 
gas  works,  the  lulhesion  is  such  that  wtien  the  two 
surfiices  are  torn  asunder  in  the  dark,  there  is  a  bright 
flash  of  electric  light,  similar  to  that  produced  by 
separating  plates  of  mica,  by  breaking  Rupert*s  drops, 
or  by  breaking  sugar  candy.  Flashes  of  light  also  arc 
distinctly  produced,  by  tearing  quickly  a  piece  of 
cotton  cloth. 

Bennet,  Phil.  Trans.  1787,  p.  28  5  Brewster,  PhiL 
Trans.  1815  ;  Wilson,  Nicholson *s  Jour.  vol.  iv.  p.  49; 
Brewster's  Journal,  No.  10,  p.  185. 

§  VII.  Electricity  produced  by  pressure. 

(226.)  With  regard  to  this  process  for  the  develope-  By  pir»€i 
ment  of  electricity,  we  are  unable  to  make  any  great '""'     "^ 
addition  to  the  few  facts  which  mineralogicid  writers 
have  brought  forward.     The  following  are  M.  Haiiy's 
remarks  upon  this  subject : 

''  Chance  fortunately  so  provided,  that  the  first  sub- 
stance in  which  tliis  property  was  remarked,  is  that 
which,  by  the  energy  of  its  action,  claims  the  first 
place  upon  the  list.  This  substance  is  the  transparent 
variety  ef  carbonate  of  lime,  Iceland  spar.  It  pos- 
sesses in  so  eminent  a  degree  that  property  which 
we  may  call  electrical  irritability,  that  if  we  take  in 
the  one  hand  a  rhomboid  of  this  spar,  holding  it  by 
two  of  its  opposite  edges,  at  the  same  time  lightly 
touching  two  of  its  parallel  planes,  by  two  fingers  oif 
the  other  hand  ;  and  then  bring  it  near  to  the  small 
needle  of  the  electroscope,  a  decided  attraction  will 
be  perceptible.  If  instead  of  contact,  wliich  is  but  a 
slight  force  of  the  s.inie  kind,  a  more  powerful  degree 
of  pressure  be  exerted,  the  effects  produced  will  be 
still  more  remarkable.  The  electricity  evolved  by 
both  these  methods  is  vitreous. 

*'  I  have  remarked,  in  several  substances,  the  pro- 
perty of  becoming  electrical  by  pressure,  but  as  yet 
the  maximum  effect  has  been  obtained  from  Iceland 
spar.  In  general  the  success  of  the  experiments  de- 
pends upon  the  degree  of  purity  and  transparency  of 
the  body  operated  upon.  Those  substances  especially 
which  are  capable  of  being  reduced  by  mechanical 
division  to  plane  and  smooth  laminse.  We  may  also 
employ  such  as  have  been  reduced  by  art  to  a  similar 
form.  Of  substances  of  the  first  kind  are,  topaa^ 
especially  the  colourless  variety,  euclase,  arragonite^ 
fluate  of  lime,  and  carbonate  of  lead.  The  fragments 
of  limpid  quartz  which  I  have  employed,  have  been 
polished  specimens.  All  these  substances  acquire  vi- 
treous electricity  by  friction  aa  by  pressure.  Sulphate  of 
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PART  II. 


THEORY   OF   ELECTRICITY. 


INTRODUCTION. 


TheoiT  of  It  has  been  shown  in  art.  86.  that  the  phenomena 
Electncity.  of  electricity  by  induction,  lead  us  to  the  supposition 
'  of  two  electric  principles  or  fluids ;  each  of  them  con- 
sisting of  particles  which  repel  those  of  the  same 
fluid,  and  attract  those  of  the  other.  It  has  been 
shown  also,  that  this  supposition  will  account  for 
the  general  phenomena  of  the  collection  and  distribu- 
tion of  electricity,  (art.  94.  &c.)  by  the  common 
apparatus.  The  discharge,  or  instantaneous  transmis- 
sion of  one  of  these  fluids  from  one  body  to  another^ 
has  been  shown  to  result  (art.  98.)  from  its  accumu- 
lation under  given  circumstances,  according  to  those 
laws.  And  the  attractions  and  repuUions  produced  by 
electricity  have  appeared  (art.  17*  and  84.)  to  be  the 
results  of  the  same  principles. 

The  general  and  obvious  character  of  the  pheno- 
mena being  thus  seen  to  agree  with  the  theory  and  its 
consequences,  it  becomes  an  object  of  extreme  cu- 
riosity and  interest  to  examine  whether  the  quantities, 
and  more  complicated  circumstances,  of  the  observed 
effects  agree  with  those  which  would  result  by  calcu- 
lation from  our  assumed  principles.  If  we  find  this  to 
be  the  case,  and  if  it  appears  that  whenever  the  com- 
parison has  been  made,  the  laws  of  the  distribution  of 
electricity,  and  the  quantity  at  each  point,  coincide^ 
with  great  exactness,  through  a  remarkable  variety  of 
complicated  and  at  first  sight  anomalous  cases,  with  the 
results  of  mathematical  investigations  founded  on 
this  theory,  it  will  be  diflicult  not  to  believe  that  the 
theory  truly  expresses  the  laws  according  to  which 
nature  operates.  In  order,  therefore,  to  bring  the 
evidence  of  this  agreement  before  the  reader,  we  shall 
proceed,  in  the  present  part,  to  trace,  by  analytical 
investigations,  the  consequences  of  the  assumed  prin- 
ciples, and  to  compare  them  with  those  experiments 
in  which  that  mode  of  measurement  has  been  em- 
ployed which  the  comparison  requires.  It  may  be 
considered  as  a  circumstance  singularly  fortunate, 
with  regard  to  the  evidence  of  the  theory,  that  the 
experiments  on  which  its  reception  must  princi- 
pally depend,  (those  of  Coulomb,)  were  made  long 
before  the  hypothetical  laws  with  which  they  were 
to  agree,  had  been  deduced ;  and,  indeed,  before 
those  theorems  had  been  discovered^  by  which  they 


have  since  been  established.  The  mathematical  ^*rt 
reasonings  on  which  these  deductions  are  to  rest,  are  Vi"*^ 
of  a  character  extraordinarily  artificial  and  general^ 
and  equally  remarkable  for  their  beauty  ana  their 
difficulty.  The  talents  of  La  Place,  of  Ivory,  and  of 
Poisson,  have  been  requisite  to  invent  the  processes 
which  we  shall  have  to  follow ;  and  if  it  be  allowed^ 
as  we  think  it  cannot  be  doubted,  that  in  consequence 
of  these  investigations,  electricity  may  be  considered 
as  an  additional  physical  science  brought  under  the 
jurisdiction  of  mathematics,  this  new  province  is  infe* 
rior  to  no  preceding  one,  not  even  to  physical  astro* 
nomy,  in  the  refined  analysis  and  elegant  theorems  in 
which  it  abounds.  It  will  be  our  business  to  endea- 
vour to  introduce  this  subject  in  the  simplest  manner 
of  which  it  admits,  and  we  shall  hope,  by  breaking 
it  up  into  propositions,  to  present  it  in  such  a  form 
that  every  mathematical  student,  who  is  familiar  with 
the  elements  of  analysis,  may  be  put  in  possession 
of  this  new  branch  of  mixed  mathematics. 

Except  so  far  as  this  labour  of  simplification  is  con- 
cerned, we  shall,  in  a  great  measure,  follow  the 
admirable  Papers  of  M.  Poisson,  the  first  person 
who  succeeded  in  the  investigations  which  the  sub- 
ject requires.  Founding  his  process  on  La  Place's 
method  of  finding  the  attraction  of  a  spheroid  of 
small  eccentricity,  which  its  illustrious  author  had  . 
applied  to  the  determination  of  the  fibres  of  the 
planets,  M.  Poisson,  in  a  paper  in  the  Mem.  de  tInstiU 
1811,  overcame  the  principal  difficulties  of  the  sub- 
ject, and  solved  the  case  of  two  conducting  spheres 
in  contact,  which  was  one  to  which  many  of  Cou- 
lomb's experiments  were  referable.  In  another 
Memoir  in  the  same  volume,  he  resumed  the  subject 
and  completed  the  investigation  for  the  case  when 
the  spheres  were  at  any  distance,  in  which  the  ma- 
thematical difficulties  which  were  surmounted  were 
truly  remarkable,  though,  for  the  sake  of  brevity  and 
simplicity,  we  shall  be  compelled  to  omit  this  part  of 
his  calculations. 

For  the  purpose  of  laying  before  the  reader  a 
comparison  of  the  results  of  these  investigationa 
with  experiments^  we  shall  adopt  the  following 
arrangement. 


Chap.  I.     On  the  mode  of  measuring  electricity. 

Chap.  II.    On  the  mathematical  theory  of  the  distribution  of  electricity  compared  with  experiment. 


i 


(^58.)  In  art*  56.  we  have  described  the  ekclrkal 
y*  balance  of  Coulomb,  as  an  instrument   by  means  of 
f^  which  we  may  measure  the  iiUerisity  of  the  repulsive 

(or  attractive  forces  which  small  electrified  bodies  exert 
upon  each  other.  That  we  may  be  enabled  to  deduce 
accurate  results  from  the  experiments  which  we  shall 
have  to  describe,  we  shall  now  obtain  the  formula  by 
which  the  intensity  of  the  force  is  determined. 
It  will  be  recollected,  that  in  this  instrument  a  small 
horizontal  bar,  B  D,  tig.  45,  is  suspended  by  a  slender 
filament  from  its  centre  C.  When  this  bar  is  horizontidly 
moved  round  the  centre  C  from  its  quiescent  position, 
the  tendency  to  return  to  that  position  is  the  torsion  of 
the  filament  by  which  it  hangs  ;  and  it  is  found  that 

Pthe  force  of  this  torsion  is  very  accurately  cis  the 
angle  through  which  B  D  bas  deviated,  and  that  this 
law  continues  true  for  a  whole  circumference.  The 
iMT  B  D  carries  a  small  ball  D,  which,  being  electrified, 
is  repelled  by  a  fixed  ball  at  E,  similarly  electrified. 
The  position  in  which  BD  rests,  will  determine  the 
K     intensity  of  the  repulsion  between  E  and  D.     The 

■  tame  is  true  of  the  attraction  of  two  balls  dissimilarly 
I     electrified* 

m  The  upper  end  of  the  filament  C  is  fastened  to  a 
^  liutton  which  can  be  turned  round,  and  by  this  means 
the  quiescent  position  of  B  D  can  be  changed  j  and 
this  button  carries  an  index,  which  indicates  the  place 
of  this  quiescent  position  upon  a  graduated  circle. 
Let  C  A  be  the  quiescent  position  of  C  J>  when  not 
r        repelled. 

■  It  will  appear  from  experiment,  that  the  attractive 
p      or  repubive    force   of  electricity  varies  inversely   as 

the  square  of  the  distance  of  the  attracting  or  repelling 

Ipoiats,  Hence,  if  F  be  the  force  which  two  such 
points  exert  upon  one  another  at  a  distance  equal  to 
unitT,  their  force  of  repulsion  at  a  rectilinear  dis^ 
F 
tioce  D^  will  be  — .  And  conversely,  if,  having  re- 
F 
presented  the  force  by  ~,  and  measured  it  for  dif- 

Iferent  values  of  D,  it  appears  that  F  is  constant ;  it 
mil  follow  that  the  assumed  law  is  the  true  one,  and 
that  the  law  of  the  attraction  and  repulsion  is,  that 
they  vary  inver^Jcly  as  the  square  of  the  distance. 
[929.)  Let  E  and  D,  fig.  91,  be  considered  as  points  j 
F 
I>E=  B  j  force  of  repulsion  =  — .    Let  this  force, 

which  acts  in  the  direction  E  D,  be  resolved  into  two 

b  the  directions  C  D  and  T  D,  T  D  being  a  tangent 

«  D  to  tl»e  circle  A  E  D.     The  latter  of  these  only  is 

balanced  by  the  torsion.    And  by  the  lawa  of  statics 

F 
It  ml\  be  equal  to  —  cos  E  D  T,     Let   E  C  D  =  a  ; 

tod  EDT^EBD=  1ECD  =  |  a.     Hence  the 

F 
force  which  balances  the  torsion  is  —  cos  J  a. 

Let  C  D  =;  r,  and  we  obviously  have   D  =  E  D  = 

8  r  sin  4  o.  Hence  the  force  of  torsion  Is  -: — ;   .  Jr^^  • 

^  4  r  *  sin*  I  a 


Let  now  A  CD,  the  angle  of  torsion,  ==  A.  The 
force  of  torsion  is  proportional  to  this  angle,  and 
may  be  represented  by  ?i  A,  n  being  constant  for  the 
same  filament.  And  this  force  may  be  considered  as 
acting  in  the  direction  DT,  and  producing  an  equili- 
brium with  the  force  first  found.     Hence 


F  cos  I  « 

4r*sin^4<i 


=  n  Aj 


and 


-■ — 1  ==  A  sin  4  a  tan  J  a. 

4/ir*  ^  -* 


Hence,  so  long  as  we  use  the  same  apparatus,  the 
force  of  repulsion,  at  a  given  distance,  is  as  A  sin  ^  a 
tan  I  a. 

By  moving  the  button,  we  alter  the  position  of  the 
point  A,  and  consequently  we  alter  the  angle  A.  By 
this  means  the  position  of  C  D,  and  the  angle  «  will 
also  vary,  and  we  may  thus  examine  the  magnitude  of 
the  force  at  diiferent  distances. 

(^i30.)  The  following  experiment  of  Coulomb  will 
exemplify  the  mode  of  applying  the  machine,  and 
will  also  prove  the  law  of  repulsion  which  has  been 
mentioned. 

After  the  balls  E  and  D  were  electrified,  they  sepa- 
rated so  that  the  arc  E  D  was  36°. 

lie  then  turned  the  index  C  A  in  the  direction 
D  E,  so  as  to  make  the  arc  C  D  18° }  and  for  this 
purpose  it  was  necessary  to  turn  C  A  through  126^, 

He  afterwurdti  turned  the  index  C  A  in  the  direc- 
tion D  E,  till  the  arc  E  D  was  8|°,  and  this  was  done  by 
moving  C  A  through  567^  from  its  first  position. 

It  is  manifest  that  the  angle  of  torsion  A  is  equal 
to  A  E   +  E  D  :  hence  we  have 


Values  of  B 

18** 

If  we  suppose  the  values 


Values  of  A 
144*^ 
of  rt  to  represent  the 


distances,  (which  they  do  nearly,  because  the  arcs  are 
small,  and  therefore  nearly  as  their  chords,)  it  will 
appear  that  while  the  distances  are  nearly  os  1,  |,  J, 
the  angles  of  torsion,  and  therefore  the  forces,  are  as 
1,  4,  16  J  that  isj  the  forces  are  inversely  as  the 
squares  of  the  distances, 

(231.)  To  examine  this  result  more  accurately,  we 
shall  apply  the  formula  of  art.  2?r/.  We  shall  thus 
have  by  calculating  the  values  of  A  sin  ^  a  tan  |  a. 


Expcrimeuts. 

s 

A       i 

A  Hin  4  a  tniL  §  a. 

First...... .. 

Second. , , , , . 
Third  ...... 

Suppose  .... 

36 
18 

H 
9 

36 
144 

576 

3.614 

3.169 

3.5,57 

The  last  column  should  be  constant,  in  order  to 
prove  the  hnv  to  be  such  as  we  have  supjtoscd  it.  It 
may  be  seen  that  the  numbers  are  very  nearly  equal. 
The  deviation  of  the  hist  corresponds,  as  it  appears. 


ua 
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Theory  of  to  an  error  of  about  half  a  degree  in  observation. 
Electricity.  Xhough  this  is  not  a  greater  error  than  may  be  con- 
'  ceived  to  be  committed^  it  is  more  probable  that  it  is 
only  apparent,  and  that  it  arises  from  the  too  great 
proximity  of  the  two  balls.  It  will  be  seen  hereafter, 
that  this  proximity  introduces  a  mutual  action  of  the 
fliuds  on  the  surface  of  the  two  spheres,  which  gives 
rise  to  new  circumstances,  and  makes  the  action  of 
spheres  different  from  that  of  points. 

Neglecting  therefore  this  small  discrepancy,  which 
is  perhaps  father  a  confirmation  of  the  exactitude  of 
the  observations,  we  may  consider  these  results  as 
establishing  the  truth  of  the  law  which  we  have 
mentioned,  that  electrical  forces  vary  inversely  as 
the  square  of  the  distance. 

(23^.)  The  filament  used  by  Coulomb  in  this  expe-« 
riment,  was  a  silver  wire  of  extreme  fineness.  Its 
length  was  twenty-eight  inches,  and  one  foot  of  U 
weighed  only  -rirth  of  a  grain.  It  was  found  that  to 
twist  it  through  a  whole  circumference,  the  force  to 
be  applied  perpendicularly  at  the  extremity  of  the  bar 
C  D  was  -riirth  of  a  grain  ;  and  since  the  forces  of 
torsion  are  as  the  angles  of  torsion,  it  follows  from 
this,  that  to  twist  it  through  one  degree,  a  force  of 
TvVnnrth  of  a  grain  was  sufficient ;  so  that  the  slightest 
repulsive  force  between  the  two  balls  caused  them 
to  separate. 

This  thread,  in  consequence  of  its  excessive  tenuity, 
broke  with  the  smallest  agitation  ;  and  in  succeeding 
experiments  Coulomb  found  it  more  convenient  to  use 
one  of  nearly  twice  the  diameter,  though  its  flexibility 
for  an  equal  length  was  necessarily  sixteen  times  less. 

Previously  to  making  use  of  such  a  thread,  it  is 
advisable  to  keep  it,  for  two  or  three  days,  stretched 
by  a  weight  equal  to  about  half  of  what  it  can  sustain 
without  breaking.  We  must  also  avoid  twisting  it 
through  a  greater  angle  than  300°  ^  for  beyond  this 
limit  it  is  liable  to  receive  a  wrench,  in  which  case  it 
no  longer  reacts  with  perfect  elasticity. 

(233.)  The  laws  of  electrical  attraction  may  be 
determined  in  the  same  manner,  and  by  means  of 
the  same  apparatus  as  those  of  repulsion.  In  this 
case  it  is  requisite  that  the  balls  should  not  touch 
each  other  originally,  and  it  is  convenient  to  fasten  a 
fine  thread  of  silk  in  a  vertical  position  in  the  instru- 
ment, so  as  to  prevent  the  bar  C  D  from  coming  to  E. 
The  quiescent  position  of  the  bar  C  A,  must,  in  this 
case,  be  on  the  other  side  of  C  D  ;  and  if  it  is  found 
that  the  attraction  of  the  fixed  ball  E  is  so  great  as 
to  bring  D  up  to  the  thread  just  mentioned,  the  tor- 
sion must  be  increased  by  turning  the  index  which 
moves  C  A,  in  the  direction  £  D,  till  we  find  a  position 
where  the  equilibrium  subsists. 

(234.)  Coulomb  likewise  determined  the  law  of 
electrical  attraction  by  another  process  of  the  follow- 
ing kind.  A  needle,  of  which  the  extremity  only  was 
ele<*trified,  was  suspended  horizontally  at  a  certain 
distance  from  a  globe  charged  with  the  opposite 
electricity.  This  needle,  when  disturbed,  oscillated 
in  consequence  of  the  attraction  of  the  globe ;  and 
from  the  number  of  oscillations  which  it  performed 
in  a  given  time,  he  determined  the,  attractive  force, 
in  exactly  the  same  manner  as  when  we  determine 
the  force  of  terrestrial  gravity  from  the  oscillations 
of  a  common  pendulum. 

The  needle  was  a  slender  stick  of  gnm-lac  of  fifteen 
or  sixteen  lines  in  length,  suspended  by  a  single  fila* 


ment  of  silk,  and  carrying  on  one  of  its  extremities  a  Cht 
small  circle  of  gilt  paper.  The  globe  was  of  wood,  ^^-^ 
afoot  in  diameter,  covered  with  tin-foil,  and  supported 
by  three  slender  tubes  of  gum-lac.  The  torsion  of 
the  filament  of  silk  would  be  insensible  for  the  angle 
of  oscillation  -,  and  the  variation  of  the  distance  and. 
position  of  the  end  of  the  needle  from  the  globe  dwing 
the  osciUation  was  also  too  sfnall  to  affect  the  resale. 
The  action  of  the  whole  surface  of  the  globe  would  be 
the  same  as  if  the  attractive  or  repulsive  enj^rgy  were 
all  collected  in  the  centre.  Hence  we  ii»ay  apply  un* 
mediately  the  principles  on  which  we  calculate  the 
oscillation  of  a  pendulum  by  gravity.  Therefore  the 
force  will  be  inversely  as  the  square  of  the  time  of 
an  oscillation ;  or  directly  as  the  square  of  the  num- 
ber of  oscillations  in  a  given  time.  And  if  the  lbro# 
be  inversely  as  the  square  of  the  distance,  the  times 
of  oscillation  will  be  as  the  distances  of  the  needle 
from  the  centre  of  the  globe.  The  following  wen 
the  results  of  experiment : 

Dif  Unices  of  Che  cirde  of  gilt  paper  Dnrmtion  of 

from  the  centre  of  the  globe.         fifteem  oscillalMMi. 
9  20'* 

18  41 

S4  60 

The  times  are  nearly  proportional  to  the  distances. 
The  former  are  as  %,  40,  54,  and  the  latter  as  ^O,  41^ 
60.  The  deviation  of  the  last  time  from  its  proper 
value,  is  to  be  attributed  principally  to  the  last  obser* 
vation  having  been  made  four  minutes  after  the  first, 
in  consequence  of  which  the  electrical  force  had  be« 
come  smaller  than  it  was  at  first,  as  will  be  imn»e<« 
diately  explained. 

(235.)  In  art.  66.  it  has  been  mentioned  as  a  result  Disi 
of  Coulomb*s  observations,  that  in  a  given  state  of 
the  atmosphere  the  dissipation  in  any  given  short  time 
varies  as  the  charge.  This  law  was  established,  as 
has  been  stated,  by  experim«its  made  with  the  torsiott 
balance.  Two  balls,  similarly  electrified,  repelled 
each  other  in  such  a  manner  that  they  were  kept  in 
equilibrium  at  a  distance  of  20°  by  a  torsk>n  of  160P. 
After  three  minutes  Uiey  approached  nearer,  and  m 
order  to  restore  them  to  the  distance  of  20°,  it  was 
requisite  to  untwist  the  thread  by  turning  the  index 
through  30°,  so  that  the  torsion  was  130°.  Hence 
it  appeared  that  in  this  case  the  diminution  of  elec- 
trical intensity  was  30°  in  3',  or  10°  in  1'.  Also  the  , 
mean  torsion  between  130°  and  100*  is  145° ;  and 
hence  the  loss  of  electricity  on  the  day  of  this  ex- 
periment was  t4-.t  P^^  minute.  Similai'  experiments 
were  made  with  other  degrees  of  torsion,  and  at 
other  times,  and  the  result  was  what  has  been 
mentioned. 

From  the  law  just  stated  we  can,  in  such  a  case  as 
the  above,  calculate  the  intensity  of  the  electric  foroos 
after  the  lapse  of  any  given  time. 

Let  A  be  the  angle  of  torsion  after  any  time  <• 
Then  for  a  given  small  time  the  decrement  of  A  it 
proportk>nal  to  A  -,  or,  Uking  the  differentials,  —  d  A 
IS  proportional  to  A.  Also  for  small  times  this  decre- 
ment is  proportional  to  the  time,  that  is  —  d  A  is 
proportional  to  d  t  Hence  —  d  A  is  as  A  d  <•  '  Let  a 
be  a  constant  quantity,  such  that 
^d/L^aAdi 


at. 
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arf      A^  being  the  torsion  when  t  =  0,  and  I  the  Napie-  1 

^'  nan  logarithm.  ^o  =  1^>  <i  =r  — ,  <  =  45,  M  =  2.302585  ;              Chap.  II. 

If  the  loss  of  electricity  be  —  in  one  minute,  we       -^  =  — ^^^^^,,^  =0.010595  5  ^r  =  0.4766625  ; 

«  M        41  X  2.302o8o                           M 

A-ll«ve,»aki»g«=l,A  =  AYl       ±\  log  A„  =  2.1760913^.  log  A  =  1.6994288, 

^                           *"  V            n  /  whence              A  =  50^  S^  lO'^ 

1                                          _  ^  Tlie  value  given  by  observation  was  A  =  50°  &  0'\ 

•'•' J-  =  «  >  and  if  n  be  considerable,  which  may  be  consi^lered  as  an  absolute  coincidence 

1  —  —  with  calculation,  since  it  is  hardly  possible  in  such 

"  experiments  to  be  accurate  to  fractions  of  a  degree. 

—  =  •  nearly,  ^^  ^^  other  observations  on  the  same  day  to 


calculate,  the  same  value  of  -—  would  answer  for  alL 

Hence  a  may  be  taken  to  be  the  fraction  which  M 

expresses  the  loss  of  electricity  in  !'•  The  law  of  the  decrease  of  the  torsion  being  thus 

If  M  be  the  Napierian  logarithm  of  lO  5  log,  the  «8tablished,  it  is  easily  seen  that  when  the  balls  are 

common  logarithm,  we  have  equal,  the  force  of  each  decreases  according  to  the 

\g  n        k           1        A  X             ^     1        *          1        A  same  law.     And  if  the  balls  be  in  any  ratio  of  inequa- 

M  (log  A^   -   log  A)  =  a  /;  log  A  =  log  A^  jj^y^  ^^^  decrement  of  their  joint   action  wUl  stiU 

—  f— .  follow  the  same  proportion  3  which  is  found  to  be 

M  confirmed  by  experiment. 

(236.)  The  following  example  may  illustrate  the  ^    By  means  of  calculations  founded  upon  the  formulas 

implication  of  the  above  formulas.  just  given,  we  can  make  allowance  for  the  continual 

On  a  certain  day  it  was  found  that  the  primitive  dissipation  of  electricity ;  and  we  may  thus  use  the 

^  observations    and    measures   which   are   taken   with 

torsion    (AJ   wa3    150°,  and    the   diminution  —  per  respect  to  the  same  body  at  successive  times,  in  the 

same  manner  as  if  they  were  all  taken  at  the  same 

Bimitei.     It  is  required  to  find  the  torsion  (A)  at  an  time,  or  as  if  the  electrical  state  of  the  body  did  not 

•bsenration  made  45  minutes  after  the  first.  undergo  any  change. 

CHAPTER  II. 

On  the  mathematical  theory  of  the  distribution  of  electricity  compared  with  experiment. 

(837.)  In  articles  82,  83.  84.  85.  86.  have  been  given  the  general  reasons  from  which  we  infer  the  existence 
of  two  electric  fluids,  each  consisting  of  particles  which  repel  each  other,  and  which  attract  those  of  the  other 
Aod.  The  forces  of  attraction  and  repulsion  are  inversely  as  the  squares  of  the  distances,  and  at  equal 
distances  the  attractive  and  repulsive  forces  are  equal.  We  have  also  seen  that  the  separated  electricity,  in 
iny  conducting  body,  arranges  itself  contiguous  to  the  surface,  so  that  no  portion  of  the  uncombined  or  active 
fluids  remains  in  the  interior  of  the  body.  From  these  principles  it  follows,  that  when  two  conducting  bodies, 
containing  any  charges  of  electricity,  are  within  the  sphere  of  each  other* s  sensible  influence,  the  distribution 
of  electricity  in  them  will  be  regulated  by  laws  depending  upon  the  mutual  action  of  the  fluids.  These  laws 
may  in  some  cases  be  deduced  by  mathematical  processes,  and  their  results  compared  with  facts,  by  means  of 
tlie  methods,  given  in  the  preceding  chapter,  of  measuring  the  electricity  at  any  point  of  a  conductor. 

We  shall  give  these  mathematical  processes,  and  their  comparison  with  experiment,  for  the  case  of  two 
qpheres  which  act  upon  one  another.  We  shall,  in  the  first  place,  have  to  determine  the  attraction  or  repul- 
soa  of  a  stratum  of  fluid,  distributed  at  the  surface  of  a  sphere,  with  its  thickness  varying  according  to  any 
law  3  and  we  shall  then  have  to  determine,  from  the  forces  thus  obtained,  the  variation  of  the  thickness  of  the 
Stmtum  upon  each  sphere,  in  order  that  the  fluids  may  be  in  equilibrium  by  their  mutual  action.  The  agree- 
ment of  the  disposition,  thus  determined  by  theor}',  with  that  given  by  obsen'ation,  will  be  shown  in  each  case 
wlien  the  calculations  have  been  executed. 

The  principle  on  wHich  these  calculations  rest  is  thb,  that  for  the  existence  of  a  permanent  state  of 
dectrical  equilibrium,  it  is  requisite  that  the  stratum  of  fluid  on  the  surface  of  the  conductors  should  not 
exercise  any  attraction  on  any  of  the  points  in  the  interior  of  those  bodies.  If  it  do  so,  its  action  will 
decompose  the  combined  electricity  of  the  bodies,  and  the  separated  electricity  will  proceed  to  the  surface  of 
the  bodies,  and  will  require  new  conditions  for  its  equilibrium. 

§  I.  Attraction  of  a  stratum  cfjluvd  on  the  surface  of  a  sphere. 

(238.)  Tojmd  the  attraction  of  any  body,  the  particles  ofvoUch  attract  with  forces  which  are  inversely  as  the  square 
of  the  distance. 

Let  a,  h,  c  be  the  rectangular  coordinates  of  the  point  attracted;  x,  y,  z  the  coordinates  of  any  point  of  the 
ittracting  body  5  d  m  the  differential  of  the  body  corresponding  to  that  point.  Then  the  distance  of  these  two 
Joints  is  V{  (<»  ""  «)*  +  (^  —  y)*  +  (c  —  «)*]  and  the  attraction  in  the  direction  of  this  distance  is  as 
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5S!SL?1 —^ : n-    And  if  this  be  resolved  in  the  direction  of  x,  it  must  be  multiplied  by   O 

Electrio^  (a  -  ar)«  +  (6  -  y)*  +  (c  -  i)»  V 

a  —  X  »-,,  (d  —  x)  d  i»  .    , 

Whence  it  will  become   -tt .,  .    ,. .,  .    , rr-r*-  And 


V  {(«-*)•  + (6 -y)'  +  (c-x)«}*       """"'= "  "'"  """      {(«  -  *)•  +  (6  -  y)'  +  (c  -  «)•}♦• 

the  integral  of  this  for  the  whole  mass  of  the  body  will  be  the  whole  attraction.    Hience  attraction  in  direction 
m      ^    p  (a  -^  x)  dm 


T   ^  ,,        ^  dm 

Let 


J  V\{a^, 


>v/{(a-x)«  +  (6-y)»+  (c  -  z)*} 

which  is  the  sum  of  each  particle  divided  by  its  distance  from  the  attracted  point.    Then  differentiating  with 
respect  to  a,  observing  that  d  m  does  not  depend  on  a  3    ' 


_  (—\  -  P (g  -  x)  d  m 

\daj  ^J{(a  -  xy  +  (6  -  y)»  +  Tc  -  x)«} 


=  attraction  in  direction  a. 


Similarly  -  (1^)  = 


attraction  in  direction  h. 


attraction  in  direction  c. 


In  this  case  a,  b,  c  may  be  measured  in  any  directions  whatever  5  and  if/  be  the  distance  of  the  differential 
particle  d  m  ftt>m  the  attracted  particle 


.      Pdm 


surface^  and  y'  the  thickness  of  the  stratum,  at  any  point.    Then  V  =  /  -^ 


(239.)  We  have  now  to  find  the  quantity  V  j  this  we  shall  do  by  expanding  it  into  a  series,  the  coefficients  of 
which  have  peculiar  properties,  depeqding  upon  a  partial  differential  equation  to  which  they  are  subject.  As 
these  properties  are  connected  with  very  curious  analytical  investigations,  and  introduce  into  this  and  other 
problems  a  simplicity  and  generality  truly  remarkable,  it  will  be  convenient  to  refer  to  them  by  name  3  and  we 
shall  therefore  distinguish  them  by  that  of  cheir  illustrious  inventor,  calling  the  differential  equation  and  the 
coefficients  in  question,  Laplace  s  equation,  and  Laplace  $  coefficients. 

Mr.  Ivory,  in  the  Ph\L  Trans,  for  1812,  has  given  the  same  method  of  finding  the  attractions  of  spheroids, 
with  admirable  simplicity  and  clearness.  After  pointing  out  a  want  of  generality  in  the  reasonings  of  Laplace, 
in  one  part  of  his  formulas,  Mr.  Ivory  has  given  an  equation,  which  is  of  great  service  in  performing  the  requisite 
integrations  in  a  satisfactory  manner  :  we  shall  have  occasion  to  use  this,  and  we  shall  call  it  Ivory  s  equation. 

(240.)   To  deduce  Laplace  s  equation. 
Let/  be  the  distance  of  the  particle  attracted  from  the  attracting  particle,  d  s!  the  differential  of  the  attracting 

y'  dsf 

Let  r'  be  the  distance  from  the  centre  of  the  attracting  particle  y^  dsf,r  that  of  the  point  attracted,  and  «y 
the  cosine  of  the  angle  between  them.     Then/  =  V  (r^  4-  r'*  —  2  rV  7). 

Take  a  fixed  line  drawn  from  the  centre  of  the  sphere,  and  let  0  be  the  angle  which  r  makes  with  this  line. 
Also  let  the  plane  in  which  0  is,  make  an  angle  w  with  a  fixed  plane.  Then  the  coordinates  w,  ff,  r  determine 
the  attracted  point.  Let  «/,  O',  /  be  the  corresponding  coordinates  for  the  attracting  point,  and  we  shall  have, 
by  spherics,  making  cos  ^  =  /*,  cos  (?'  =  /t'j 

7  =  /t  /t'  4-  Vi  —  fifi  V\  —  /«  cos  (w  —  »0. 

We  have  now  to  prove  that  if  ^7-  =  «* 

,    ,  «v  d  tt 

rd^.ru             ^         ^'dp.           1        d«M        ^  ,.. 
.  H C  + .   -— -  =  0 • , .,  (A) 

dr«       ^  dp,  ^  l-/t»  diu«  ^ 

Whence  it  follows,  since  V  ^  i  uy'  dm',  and  y\  d  m'  are  independent  of  r,  w,  p,  that 

'S::!  +  ll^ll^+^_£I=„ (B, 

To  prove  equation  (A),  let  Ar  =/»  =  r«  4-  r«  —  2  r  r'  7 ; 

r.k^f^  '^r^''2rr'{/ip  +  Vi  —  ^«  vT^"/?*  cos  (*♦  —  idO)| 


d 
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du 
dr 


dr 

d  ,r  u       r  du 
dr     "^    dr 


2k 


+  M  =   - 


1       dk 
*  dr 


-/7 


r«  —  r  /  7 


d^.ftt   _  3r(r  —  ^.7)*  _  ^^  —  ^^7   _  r  —  r^  y 

■^^"      fc*  **  k*  '' 

_3r/«(7«-l)         2/7. 
7 +   — j-, 

rcP.ru  _  3  r«  f^*  (7*  -  1)       grr^Y 


Again, 


dr 


du 
d^ 


1      dk  <^tf 


SA 


i  d/A'd^«       ^  i.'S-  ^/** 


k^ 


1        (P^ 


d^ 


Also 


r     3      dAc«            1      d«Ar^         ^    dA 
du_  1      dk  d*w  _      3      dfc« 1      d'ifc 


"■•c-^-)!-: 


d^k 


dfi  1  —  ^*     d  w* 

3       C/i  ,, /ffcy         1        dn  J       f,     ■      ,,  rf«  fc   .         1       d^  A:)     .       /.      dAr 


Now 


d/* 


^  .  =  2  r  r'  Vl  -  ^*  Vi  -  /«  sin  (fti  -  w')  j 

1.  n  ..dAc«  1        dfe»  p  -^» /»-(!- /.')(!-/«)  cos*  ('"-"O 

"Mce,        vi -/*  ^<<^,  +  i  _  ^.jj^.-**^   '^    1-2/./ Vi_^» -/!.-/«  cos  («  -«/) 


Also> 


d»  A    _    2r/    Vl  -/ 


] 


d/i^ 


^^ ;    />  =  cos  (fti  —  w  ) ; 


Bence 
-Again, 


^t  ;^  -^ 

-— r  =  2  r  r'  V\  —  14 «  Vi  —  tt'*  cos  (w  —  n/). 

d  w^  '^ 

d^k   ^        1        d«Jk  ,  VT^IV* 

A*     d^         Srr'fVi-/*  1 


Hence  tbe  expression 
TOL.  nr. 


d/4 


1        d»^ 
1  —  ^«  dw« 


becomes 


14«  E  L  E  C  T  a  1  C  I  T  Y. 

lll!2 (1  _ .,.)  _ Ilj!.  { ^rnrp  vi  _  ^0 cos  (»-««)  +/»/} , 

A*                              fc^ 
Hence  wchave  »•  ""dTi- + d^I -^  r:^^^!^-*^^ (A) 


Whence  r^^  +  __JL  +  __  _  =  o  (B) 

which  is  the  general  equation. 

When  U«  is  a  rational  function  of  n  dimensions  in  7. 
And  the  equation  (A)^  being  true  of  u,  is  true  of  this  series.    Henee^  substituting  and  equating  the  coefficients 

of  — r-7  we  have 

l>  n  -r  1 

.(.  +  .)„.+l:iiz:2iZ  +  _!_^.=  „ (i> 

a/4  1  -^/i*    aw*  ^   ^ 

which  is  Laplace  s  equation.    And'  the  coefficient?  \J^  Ub  &c.  subject  to  this  equation  are  Laplace  s  coeffidenU. 
It  may  be  observed  that  U»  will  involve  fi,  y!,  and  w^  a/  similarly. 
(242.)  To  deduce  Ivory  8  equation. 


Let  S  =  —i— J  then  since/ =  v^  — S^^^T  + '^*) 

^S  ,^  .    r— 7/      rfS        ,^       .    ,v      '''^ 

_  =s  ^  (2i»-H)  ^a,>.^»  ^  77=(*"^+^)/2;r?a^- 

d«S         ,^        .    ,,   (2m  +8)  (r-70  (^  - 'y  0  +  7/V 


drd/ 

^'(^-"^')""''rf7        /o«4.lWi        ..^«rt^    (^>»fha)(l>7^)r/-(am-h2)7/V 

and  by  substituting  for/*  its  value^  it  will  be  seen  that  the  twx>  fractions  are  equal, 

,  dS 

ci«  S  ^         ^  ^  d'i 

hence  r  /  (I  -  7«)« -5-^, 2   =0 (C) 

drdr  df 

We  have  ^  =  lug  +  4  ^i  +  ...  ^ -^  -^f^U.+  i  -f  • . . 

Differentiate  m  times  in  succession  with  respect  to  7,  observing  that  -7—  = y- :  and  we  have 

i 1 f_i d^v^        •     rf^'U^-Ki   .      +j11i:L  J^!liLL.l 

^*  +  i   ■"  1.3. 5. ..2m-  ltr2"»  +  i   ^7*    ■*"  r*-*^       d  7"^      ■^••*  "^ /«  +  «+ 1    d7»+  -J 


/ 


^M  — M 


Substitute  this  series  for  S  in  (C),  and  equate  terms  involving     ^^^^.p  ^"^d  we  have 

dm  + 1 TJ. 
d.(l-.7«)»+i  - -^ 

(n-m)(n+m-M)  (1  -  7*)- ^r^  + :; '^^''^'=0 (I) 

a  7'*  tt  7.  '^ 

which  is  Ivory  s  equatuMm 


BLE€TBI€ITy.  4V 

2«J      (943.)  To  expand  U,  in  terms  of  7.  Omp.  BL 

"^     The  following  equation  might  be  deduced  independently,  but  it  is  included  in  Ivory's  equation  of  makingm  =?  0^ 

^-(1-7*)  -j-^ 
i»(ii+I)  U,+ — 2L  «0.,. (D) 

Now  let  U.  =  N  7»  +  N^i)  7*  -  *  4-  N^  7* -^  4.  ...  +  K(^  7»-«  +  , . .  which,  it  will  be  recollected, 
is  the  form  of  U«;  and  by  performing  the  operalions  indicated  in  equation  (D)  we  shall  find  N^^^  =  0, 
N(^  =  O,  &c.  for  all  the  odd  powers,  and 

2ni(2»  —  Sm  +  1) 

whence  putting  m  =  1,  m  =  2,  &c.  we  find  all  the  coefficients  in  succession  in  terms  of  the  first.    We 
haye  thus 

U   ^Nfr;-        ^^^"^^   r;-^   |  n  (»  -  1)  (n  -  9)  (n  -  3)  _         \ 

•""V         2(2n-l)^         +    2.4(2ii-.l)(2»-3)     ^  ^^V 

y/»  1 

In  order  to  find  N,  it  is  to  be  observed  that  Ua,  is  the  coefficient  of    ^^  ^  in  the  expansion  of  — rr .    Now 

1                      If             2  7  rr'   'l-i 
"7"  ^  a//  a  -I-  f/9\  1  ^ ^        ,^  ?      :  and,  by  the  binomial  theorem,  the  term  contatniogty"  will  be 


1.3.5^.  (2»  —  1)         7"r*r^» 
1.2.3 n  (r«  +  f'«)«+* 

_  I  .  3  .  5  . ,  (2  n  - 
""1.2.3 n 


-M^^'-} 


Whence  it  is  clear  that  N  =  \    Hence 

X-«v«3  ••••••  4    9 

1-3.5 (2n^l)f  ^An^l)         ,       n  (n  ^  1)  (,^2)  (i>  ^  3)  [ 

^'       1.2.3 n         l^         2(2»-l)^         ^  2.4(2©-!)   (2tt-3)^         ^         J 

(244.)  To  expand  U»  in  lerms  q/*«  —  V, 

If  we  make  «  —  w'  =  <^,  since  7  =  ^  /*'  ^-  </(l  —  ^)  ^(1  —  ^'«)  cos  0,  it  is  easy  to  see  that  U«  may 
1)6  expanded  in  terms  involving  successively  cos  0,  cos  2  0,  cos  3  0,  &c.  3  and  our  object  is  to  find  the 

coefficients  of  these  tenss.    Also  it  is  clear  that  the  term  \vhieh  involves  cos  m  0  will  involve  (1  —  fi^)'^ 
Hence  let 

».=  H^)  +H<^^  (1—^)^006  0  4- H^)  (I-  /*»)*cos2  0+...  +  HC")(l  -/**)?  cos  m  0  + 

NoHT  substitute  this  series  for  U»  in  Laplace*s  equation  (L),  and  we  shall  find,  by  equating  coefficients  of 
cos  m  0^ 

(»-  m)  (11  +  111  +  1)  (l-^tj^H^*)  --2t«»+l)/*(l-/»*)^--j— +  (1-/**)^""    -5^  =  0- 

Aid  if  we  multiply  :tins  by  {1  —  ;t^)*,  we  shall  have 

dB^«5  ,  i«»H(-) 

(f  -  m)  (n  +  m  +  1)  (1  -  /*«)«  HC-)  -  2  (m  +  1)  a*  (1  -  A**)^  -} +  (I-  /t«)~  +  ^       .    ^       =  0, 

wUch  is  equivalent  to 

dH(*> 
d.(l«^»)«>l^ 

(n  -  m)  (n  +  m  +  1)  (1  -  ^2)m  h(«»)  +  \ _ !L.  =  0......... 

dfi 

d*  U 
Thb  agrees  with  Ivory's  equation  (I),  if  we  msdce  H  ^•^  cs  --j — j;^,  and  then  put  f^  for  ^.    fience  H  ^"^  will  be 

found  by  knowing  U^.  The  value  of  N,  (art.  243.)  being  indeterminate  in  this  case^  we  bave 

d"»  U 

H(-)=:B(->  V^^ 
o  7" 

when  B^*^  is  a  coefficient  independent  of  ;i. 

Let  Q.  represent  the  same  Unction  of  /i  which  TJ.  is  of  7, 

^         1.3.5...2ii-lf    .       fi(n-l)     ,    2-       J      ) 

u2 
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Hieory  of  then  we  shall  hare  for  the  term  of  U«>  inrolTing  cos  mip,  €h 

£l6ctricit]r-  _     -.  Vmp 

-^."^  B<»)  ^^^  (1  -  /i«)"  cos  m  0j 

a  /a" 

in  which  B^*)  does  not  mvolve  fi.    But  fi  and  ;»'  enter  alike  into  the  expression  of  Q. ;  and  hence  they  will 
appear  similarly  in  every  term  of  the  expansion.    Hence  we  shall  have  for  the  term  involving  cos  m  0 

*  wben  /3  '"Ms  independent  both  of  ft  and  /»■',  and  Q'  is  the  same  function  of  fi'  that  Q  is  of  /(. 
Hence  U,  =  ^W  Q,  Cy.  +  /SO  (1  -  /»•)+  (1  -  /»)+  —  — "  cos  0 

+  ysm  (I  _  ^.)*  (I  _ /*)- fL^  .  ?^  cos  2  0 

+  &C. 

I 

In  order  to  find  fi^*\  we  may  observe  that  fi^^^  Q,«  Q%,  is  the  term  independent  of  0  'm  the  coeffident 
y/an 
of     „,  _^  ,■>    Now  we  have 

|«8»  +    4 


/    -  V{r«  _  «  r  r'  (/i/«.'  +  V(l  -  A*')  V(l  -  A*")  co80  +  r")  } 
1 


V{r«  —  grr'cos^  +  /«} 
the  other  terms  involving  /t,  fi'.    And 


+  &c. 


V{r«-2rKcos0  +  r*'}  ~rVr*'  /       \~r*  / 

c  being  the  base  of  the  Napierian  logarithms, 

and  the  term  which  does  not  involve  </>,  and  which  docs  involve  •  ^n+  i  ^®  ^^^^^^7  *^*  which  arises  from  tbe 

factors 

1         1.3...gn  -  I      f^     -^^ri        l.3...(gtt-  1)  f^«     -«^v^— 

r     ^2.4 2n       '  f    ^  ^3.4 2  n        r* 

Hence  it  is  clear  that  we  have  (  ^  '  ^        (^  ^  "-  I)  \    _  ^Yie  part  of  /J^*^  Q2«  0^2  »  which  is  independent  ot 

\«    •  4.  •••••Alt/ 

ft,  ft'.    Now  since 

«••  =  ;:'"::;.'^'^r'  {'••  -  V^^'  '■■  •  *  »«•} 

it  is  easily  seen  that  the  part  independent  of  ^  is 

1.3.5....  (4n  -  1)  . g  n  .  (2  n  -  1): . . .  1 

-1.2.3 2»         •  2.4,6.^..2n.(4n  — 1)  (411  -    3)  .. . .  (2  n  +  1) 

_       1  >3.5....  (2n  -  1) 

""-2.4.6 2n      ' 

And  hence  in  /3(^^  Q211  0^2  » the  part  independent  of  fi,  f»f  is 

pC)  Co'l'l'''^^^"  ^^Y'y  whence  it  appears  that  /3(«>)  =  l. 
Hence  U,  =  Q«  CT.  +  ^(')  (1  -  a*')*  (I  -  A*'^)'^  ~  ^^^"  cos  0  + . . . 
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B0f  i^S.)  To  reduce  the  value  ofV  into  a  series  of  terms  of  double  integrals, 
^'  It  will  be  recollected  that  /  is  the  thickness  of  the  attracting  .stratum  on  the  surfice  of  the  sphere.  At  a 
'Y^  pointy  of  which  the  coordinates  are  r,  fi,  hj,  let  it  be  y.  We  will  suppose  that  the  stratum  is  symmetrical  with 
respect  to  the  axis  from  which  0  (the  angle  whose  cosine  is  /i)  is  measured  5  so  that  taking  a  ring  per- 
pendicular to  this  axis^  the  thickness  is  the  same  in  every  part.  Hence  y  is  the  same  for  any  value  of  a;,  and 
depends  ou  fi  alone,  of  which  it  is  a  function.  If  we  further  assume  that  y  is  a  rational  and  integral  function 
of  ft,  we  may  expand  it  into  a  series  of  terms  subject  to  Laplace's  equation.    Let  therefore 

y  =  yo  +  yi  H-  y2  +  •  •  •  +  yn  +  . . . . 

whence  »  (»  +  1)  y«  + 1 ==  O, 

a  /i 

the  term  vanishing  which  supposes  y »  to  involve  lu*    And  if  we  find  y  «  by  the  same  process  as  that  of  which  we 
found  Um,  we  shall  manifestly  have  a  similar  result.    Hence 

y  =  AoQo  +  AiQ,  +  A2  Q2  4- AsQs  +    ...  +  A«Q«+  .... 

when  Ao,  Ai,  &c.  do  not  involve  fi,  and  Q  is  the  same  function  of /i  as  before. 
Hence  if  we  suppose  that  we  have  y*  /i,  instead  of  y,  fi,  we  have 

y'  =  y'o  +  y'l  +  /2  +....+/•+•••  • 

y'  =  AoCyo  + A,  Q^i  +  A2Q'2+  ....  +  A«Q'«  +  .... 

Now  V  =  / —  where  d  ^^  is  the  differential  of  the  surface^  at  the  point  of  which  the  coordinates  are, 

6^,  */.    And  it  is  clear  that  this  differential  is  r^  d  ^ .  r'^in  ^  d  «'  =  —  r'«  d  /*'  d  </. 
Hence  yj  ^  ^  JJlj^l^^, 

the  integral  being  taken  from  /&  =  I  to  /»  =  —  1.    Or,  if  we  change  the  sign,  V  =  Cf-^ j^ — ^  from 

/i=:— lto^=l,  and  from  *>'  =  O  to  «  ss  2  w. 
If  now  to  put  for  /  its  value,  we  have 

And  we  have  the  expansion  of  — ,  viz. 

Hence  it  appears  that  the  value  of  V  will  consist  of  such  terms  as 

y>/»  •^n  +  2 

A^jfy  (y,u.  j:^^^d/d«/ 

(246.)  To  execute  the  integration  in  *o\ 

If  we  put  for  U»  its  value  in  (244),  which  we  may  represent  thus, 

U«  =  Q^  Cy,  4.  M  cos  0  +  M'  cos  2  0+,  &c. 
M,  M'  not  involving  0  5  we  shall  find  for  the  general  term  of  V,  just  mentioned,  observing  that  0  =  w  —  w 

^  And  when  we  perform  the  integration  in  w',  it  is  clear  that  the  terms  after  the  first  will  involve  sin  (w  —  n/), 
«n  2  («  —  ii/),  &c.  and  will  therefore  vanish  when  taken  from  (u=:0toitfs2r.  Hence  the  whole 
expression  will  be  reduced  to  terms  such  as 

/f/^  +  a 
or  supposing  /  constant,  the  terms  are 
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ThecMTf  ioT      (847.)   The  integrals  in  pf  vanish,  except  wheis,  m  =  n. 
FiTtririiir.     By  ei|iiBtioii  (D),  putting  fif  and  Q^»  for  <y  aad  U.,  we  hare  ^ 

»(«  +  i)Q'*+ 5^ ^  =  0 (B) 

and  integrating  successively  6y  joart^^ 

And  by  tbe  same  equation  (£)  the  last  integral  is  —  fit  (m  +  1)  /  Q^m  Q^n  ^^^*    Hence,  considering  that  the 

integrals  are  taken  from  /i'  =  —  I  to  fi!  =  I,  and  that  therefore  the  parts  involving  1  —  /u'^  will  vanish^ 
we  have 

whence  it  appears  that  if  m  and  n  are  different,  /  Q'^  Q  «  dfi^  sz  0. 
Hence  it  appears  that  the  value  of  V  consists  of  terms  such  as 

(248.)  To  integrate  Cq^  Q  «  d  /t'. 
By  equation  (E)  we  have 

/«■  »•■"'  =  -  i^,J TT-^  ■  «-•  > 

and  integrating  by  parts 

n  («  +  I)    '^         ^  '    dpf    ^'^  fi{n+\)J    ^       '^   '    dfi'         dp.'       '   * 
And  since  the  integral  is  token  from  /t'  s=  —  1  to  /»'  =  1, 

In  the  same  manner,  using  Ivory'B  equation  (I),  (^2),  putting  Q'.  for  U«,  /  for  7,  and  making  m 
oessively  1,  ^,  &c.  we  shall  have 

/■  ,^2  d2  Q'  d»  Q'      ,  1  /».,         „,«  d»  Q'.  d»  Q',       , 

&c.  =  &c. 
Whence  we  have 

y<y.(y.d,c=^-^— — — — ^y  {i-,»»)  .  __.^-^.d^. 

And  it  is  seen  by  referring  to  the  value  of  Q,  and  Qf^  in  (244.)  that 
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*  ^-^  =  1.3.5. ...(«n-l). 

Also  it  maj  easily  be  shown  that  between  the  limits  /i^  =s  —  1  and  /i^  ==  1^  we  have 

/  «  9n.i(n--  1) 2 


Hence  /  cy.cy.d/izs  ,: ^-r  .  .-;;- — \ri7r^ sr ;  •  \    ^ g^    ^ 


y   vr.w,a/*~   2«+  1  •  («»-  l)C9n-3)....l  •    1-! 


2n  +  1 
(949.)  Tojmd  the  value  of  V. 

The  general  term  of  V  is  ^ — — ?  A»  Q«  "x+T* 

And  it  has  been  seen  that  A,  Q«  s  y^  where  y »  is  the  general  term  of  the  expansion  of  the  thickness  at  the 
punt  of  which  the  ordinates  are  0,  la.  Hence  the  general  term  of  V  is  - — — r  .  "VTl  *  ^^  hence,  if  tm 
fat  pat  a,  the  radios  of  the  sphere,  we  shall  have 

_,       4  X  a2  f        ,      a  ,      a2  ^a  a*  .    «,    1 

V  =  -_  {yo  +  —  yi  +  g^  sr2  +  y^  !fa+  ....  +  (2,^x),,  y-  +  &c.[ 
(S30i)  If  the  point  attracted  be  within  the  sphere,  the  procesa  will  be  the  same,  except  that  we  must  expand 
V according  to  powers  of  -^.    We  shall  have  -j  =  --^  Uo  +  -7^  Ul  +  -^  Ua  +  &c.when  Uo,  Ui,  U2,  &c. 

are  Ac  same  as  before^  and  weshail  find  that  V  consistai  of  terms  ^mfj  Cfm  U,  -77ZI:  ^/  ^  *^-  ^^^  *^e 

kiei^nla  willvuiaii,  e9EceptwlKn«=s  m,  and  we  shall  have  for  V  a  series  of  terms  o~irT;7rrL*  Aaibenee^ 
nakiogr^  s  a,  we  have 

v  =  4^«  [jro  +  ^y, -H  f^  ra +  ....  + (57^^  y. +fcc.}- 

Bbkc,  whatever  be  the  law  of  the  fhieknesa  of  the  strntnn,  we  can  find  its  attraction  upon  any  point,  in  any 
iicctlon,  by  expanding  the  expressian  ft^  the  thicknesa  inta  a  series  of  Laplace's  coefficients,  and  grving  to 
die  terms  those  values  which  they  have  at  the  point  where  the  surface  is  met  by  the  line  r  drawn  to  liie 
"^       Ipofait. 


(351.)  In  these  values  o£  V  the  eaq^ressions  involve  {k  and  — . 


a 


'^  pnt  0  0»,  x)  =  Ao  Ot)  +  -J  AiQi  +  —  A2  Q2  +  far. 

vedHdIhsvrthe  value  of  V, 

baa  exterior  point  =  ^  C^*  —  f'* 

far  an  interior  point  =s  4  ir  a  0  t  ii, — /• 

PB2.)  Kmmngikwhen  ;»=s  1,  to fkdHi9 gener<a whe. 

And  when  /*  =  1,  this  becomes  = l  JL   -f  ^—  4.  &c. 

r  —  (u         r  r*  r' 

Hence  for  this  case  Qo,  Qi,  Q2,  &c.  are  each  =  1. 

Therefore  malting  /»  =  1,  we  have  </y  (1,  x)  =  Ao  +  4"  Ai  +  -—  A3  +  kc 

3  5 

Hence  if  when  a*  =  1,  the  value  of  0  0*,  x)  is/x,  we  must  expand/x  in  a  series^  according  to  powers  of  x  j  and 
multiplying  the  terms  of  this  series  by  Qo,  Qi,  Q2,  &c.  which  are  known  functioiB  of  /*,  we  shall  have  the 
Talue  of  0  (ji,  x)  for  any  value  of  /». 
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ntory  of      It  appears  from  this^  that  if  we  know  the  value  of  V>  for  any  point  situate  in  the  axis  of  the  sphere,  we  can    G 
^••''^'y*  find  it  for  any  point  in  any  other  situation.  ^ 

1  1  a  a«  „ 

If  we  make  u  =  —  1,  we  shall  have  — — —  =»  —   —  -t  +  t  ""  &c. 


X  X* 

Hence  0  (—  1,  x)  =  Ao r-  Ai  H — --  A2  —  &c. 

3  '5 

And  hence*  if  in/x  we  put  —  x  instead  of  J,  anil  multiply  the  terms  by  Qo>  Qb  Q21  we  shall  have  the  value  of 
0  (ji,  x)  corresponding  to  the  point  opposite  to  the  point  where  ^  =s  1. 
(253.)  Knowing  0  (fi,  x)  toJM  the  thickness  at  any  point. 

X  x^  x^ 

We  have  0  0*>  x)  =  y©  +  y  yi  +  —  y2  +  -^  ys  +  &c. 

•  •  —rf^—  =  -J  yi  +  -  y2  +  —  ys  +  &c. 

Hence  0  (/*>  ^)  +  2  x     ^ }^'  ^^  =  yo  +  x  yi  +  x«  y2  +  ^'  ys  +  &c. 

a  X 

and,  making  x  =  1,  =  yo  +  yi  +  y2  +  ys  +  &c.  =  y, 

whence  y  the  thickness  is  known. 

At  the  extremities  of  the  diameter  from  which  the  angle  is  measured,  we  have  )i*  =s  1,  and  /*  ss  —  1  j  which 
gives  the  same  result  as  putting/x  for  0  (ji,  x).    Hence  at  these  points  we  have 

and  we  must  make  x  =  1  for  the  thickness  at  the  point  where  /*=:!,  and  x  s  —  1  for  the  point  diametrically 
opposite. 

§  II.  Distribution  of  a  stratum  of  fluid  on  two  spheres  acting  upon  one  another. 

(254.)  When  a  sphere  contains  equal  quantities  of  positive  and  negative  electricity,  the  two  fluids  will  be 
uniformly  distributed  through  its  substance,  and  each  particle  of  one  fluid  will  be  accompanied  by  an  equal 
portion  of  the  other;  and  hence,  as  one  of  them  attracts  what  the  other  repels,  their  united  eflfect  on  any  point 
will  be  nothing.  And  hence,  if  we  had  two  such  spheres,  their  effect  on  one  another  will  be  nothing,  and  they 
will  remain  in  this  state.  But  if  one  of  the  spheres  contain  an  excess  of  one  of  the  fluids,  as,  for  instance,  of 
the  positive,  this  excess  will  distribute  itself  on  the  surface,  and  form  a  thin  stratum  there.  And  this  stratum 
will  exert  a  certain  action  on  the  particles  of  another  sphere  5  and  by  attracting  the  negative,  and  repelling  the 
positive  fluid,  it  may  separate  them,  and  cause  portions  of  them  to  proceed  to  the  surface.  By  this  means  the 
effective  parts  of  the  fluids  will  be  a  thin  stratum  at  the  sur&ce  of  each  sphere,  the  action  of  which  may  be 
calculated  by  the  preceding  formulas ;  and  the  law  according  to  which  the  thickness  will  vary  on  each  sphere 
will  depend  on  their  mutual  action. 

In  order  to  calculate  the  thickness  of  the  stratum  of  electricity  on  each  sphere,  we  must  know  their  mag- 
nitude and  position,  and  the  excess  of  one  kind  of  electricity  above  the  other  on  each  sphere.  •  By  the  mutual 
action  of  the  two  spheres,  it  may  happen  that  besides  the  original  excess  of  one  kind  of  electricity,  some  portioa 
of  the  fluids  in  the  interior  of  the  spheres  may  be  separated,  or  decomposed,  and  carried  to  the  surface.  By  this 
means  the  quantity  of  one  fluid,  the  positive  for  instance,  at  the  surface,  may  be  increased ;  but  in  such  cases 
the  excess  of  the  positive  above  the  negative  will  remain  the  same  as  if  no  such  action  had  been  exerted,  because^ 
equal  quantities  of  both  are  always  separated.  The  negative  fluid  will  occupy  a  portion  of  the  surface,  and  the 
thickness  y  must  be  reckoned  negative  for  all  points  when  this  occurs.  In  fact,  the  mechanical  action  of  these 
points  will  be  obtained  by  changing  the  sign  of  the  quantities  which  express  the  mechanical  action  of  the 
portions,  supposing  them  to  have  been  positive. 

(255.)   To  find  the  quantity  of  fluid  m  a  stratum  on  the  surface  of  a  sphere. 

It  is  easily  seen  then  /  f  ya^  dfidio  is  ihe  content  of  the  stratum,  in  which  the  integrals  are  to  be  taken 

frona  <&»  =  0  to  cu  =  2  r,  and  from  )t4=  —  lto;t=l.  If  both  the  fluids  occur  in  different  parts  of  the  surface, 
y  will  be  positive  in  some  points  and  negative  in  others,  and  the  integral  will  still  represent  the  excess  as 
before.    Let  this  excess  =  £• 

Now  y  =  AoQo  +  AiQi  +  A2Q2  + &c. 

c.Y.^jjya'^  dfk  duf=za^iAojfTQodfidt>f  +  Ai  fViid  f^dio  '\'  ktJjQid  i^dm  +  &c.| 

No^  V(r^,2^;.rr^  +  r-^)  =  -7  ^^  +  -^  Qi  +  -^  Q2  +  &c See  (241.)  and  (244.) 

f^^f^c®  Qo  =  1,  Qb  =  A*>  &c-/  an^  we  have 
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2^.  E  =ra«  I  AorTOoOodfidw  +  Ai  /jTOo  Qi  ^  A*  dw  +  A2  TjOo  Q2  d  fi  d  w -{-  ^c.  I  w^lw 

=  2xa«|Ao  rOoQo  dfi  +  Aj  /Oo  Qi  rf /*  +  A2  /T^Qo  Q2  <i/*  +  &c.| 

And  by  art.  247.  all  these  terms  vanish  except  the  first.     Hence  E  =  4  x  a*  A©. 

E 

Cor.  Since  4  sr  a^  is  the  surface  of  the  sphere,  Ao  =  •: is  the  thickness  of  the  stratum  of  fluid,  on  the 

4  sr  a* 

supposition  that  it  is  uniformly  distributed ;  that  is,  supposing  the  fluid  on  the  sphere  not  to  be  acted  on  by  any 
oUier  electrical  body. 

But  /x  =  Ao  +  Y  Ai  +  —  A2  +  &c. 

Hence  we  have  Aq  by  making  x  =  0  in/x. 

(256.)   To  find  the  action  of  two  spheres  on  any  point  within  one  of  them. 

Let  b  be  the  radius  of  the  second  sphere,  ri  fi^  the  coordinates  of  the  attracted  point  corresponding  to  r,  ^; 
Y^  (f^i$  ^i>)  the  function  analogous  to  </>  (x,  fi) ;  and  Vi  the  sum  of  each  particle  of  the  second  spliere,  divided  by 
its  distance  from  the  attracted  point.     We  shall  then  have,  by  art.  251. 

for  an  interior  point  Vi  =  4  ir  6  Y^  (/ti,  -r-J 

4;r6«       /  b  \ 

for  an  exterior  pomt  Vi  =  •  Y^  (  /*  b  —  I 

^1         \        ''I  / 

Hence  if  W  =  V  -f  Vi,  the  sum  of  each  attracting  particle  divided  by  its  distance,  we  shall  have  for  an 
attracted  point  within  the  first  sphere 

And,  for  a  point  within  the  second  sphere, 

W  =  4  ^-^  0  (/.. -1.)  +  4^  6  V-  (m..  ■^) 

And,  as  has  been  shown,  art.  238.  by  differentiating  W  we  find  the  attraction  on  the  point  in  any  direction. 
(267.)   To  find  the  value  offx,  art.  252.  when  the  spheres  act  upon  one  another: 

In  order  that  the  fluids  may  be  in  equilibrium,  their  action  on  a  point  within  each  of  the  spheres  must  be 
BOthing ;  for  if  it  were  either  attractive  or  repulsive  it  would  separate  the  particles  of  the  fluids  in  the  interior 
of  the  body,  and  an  additional  portion  of  each  would  go  to  the  surface.  Hence  the  differentials  of  W,  with 
Rspect  to  r  and  to  /*,  and  also  to  r„  and  /*„  must  =  O  5  and  therefore  \V  must  be  independent  of  r  and  /t,  r^  and 
^P  Hence  it  must  be  equal  to  a  constant  quantity,  for  any  point  vtithin  either  of  the  two  spheres.  There- 
'  ft>relet  h  and  Ac  be  two  constant  quantities,  and  let  the  line  of  origin  be  that  which  joins  the  centres.   Then 


(F) 


f  and  r„  /t,  and  /t,  being  connected  by  the  condition  that  r  and  r,  are  the  sides  of  a  triangle,  of  which  the  third 
ode  is  the  distance  of  the  centres  of  the  spheres,  and  fi,  fi ,  the  cosines  of  the  angles  adjacent  to  these. 

Bat  it  has  been  seen,  art.  253.  that  it  is  sufficient  to  know/x  in  order  to  determine  ^  0*,  «)  j  and  if  jr  x  be 
related  in  the  same  manner  to  -^  x,  wc  shall  have,  making  /t  =  1, 


t/(t)-'«(t)=*  J 


(G) 


wbere  r  +  r,  =  c,  the  distance  between  the  centres;  and  r  and  fj  may  have  any  values,  from  r  =  ator=s  —  a, 
ftod  from  r,  =  6  to  r  =  —  ftj. 

In  order  to  eliminate  one  of  the  unknown  functions/,  g,  we  shall,  in  the  second  equation,  put  i^  at.  J  c  —  r 
fat  T  and  r, ;  and  let  /  be  such  that 

b  "~-  fi  C  "  T 

therefore  j/  =  c  — =  — ^ ^j 

c  —  r  c  --r 

VOL.  IT.  It 
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(r  \              6*                b 
— )  H g  =  A  Ghi 

^-"V-^  g^c-^r)  /     fl(c-r)     \  /     ^     \  _  . 

c  (c-r)-  6«  -^    V<^  (^  -  0  -  ^V  \c  -  r/  "" 

and  eliminating  g 

"•^(t)    -c(c-r)-6»«^(r(cl7)l6«)    ='^-737-    ^^ 

whence /is  to  be  determined. 

The  determination  of/ in  this  case  has  been  considered  by  Mr.  Poisson,  (M^.  de  VInstUut,  1811,  part  ii. 
p.  183  3)  but  as  the  investigation  is  of  considerable  complexity,  and  as  we  have  not  a  series  of  experimental 
results  to  compare  with  our  theoretical  ones,  we  shall  leave  it  at  present,  in  order  to  consider  the  simpler 
case,  in  which  the  spheres  are  in  contact. 

(^58.)   Tojind  the  constant  quantities  h  and  k, 

li  in  equations  (G)  we  make  r  =  O,  and  observe  that/  (O)  =  Aq,  art.  259.  we  have  a  A©  H g  (  —  j^^K 

And  if  Bo  be  the  corresponding  quantity  for  the  second  sphere^  making  r^:=zO,g  (0)  =  £93  and 

•  •     a*       a,        . 

— /—  +  6Bo  =  *. 
c        c 

If  E  and  F  be  the  whole  quantities  of  excess  of  electricity  in  the  spheres,  we  shall  have 

E  =  4  3r  a«  Ao,  F  =  4  ?r  6«  Bo. 

4ira  c        \e  /  \ir  b  c  \  c  / 

§  III.  On  the  distribution  0/ a  fluid  on  the  surfaces  of  two  tpheres  in  contact, 

(259.)  In  this  case  tojind  the  function  f 

When  the  two  spheres  are  in  contact^  we  shall  have  c  ss  a  +  6.  Hence  equations  (G)  become,  observing 
that  r  +  fi  =  c 


■c«> 


a 
And  equation  (H)  will  become 

V  a  /         (a  +  6)  (a  +  6  -  Hj)  -  6«  -^  \(a  +  6)  (a  +  6  -  r)  -  6V    ""  a  i-  b -- r ^* 

Let  —  =  1—2,  whence  a  ^  r  ^=:  az,  and 'the  equation  becomes 

ff  ab  {b  -{-az)       \  _  t  ^^ 

""J^'"^)  "    (b-haz)  +  bz    ^  \[^b+az)-^b^  )""'       6+ai 

or,  multiplying  by  — &c. 
a 

bz  ^  g  b  z  \         h  m  kb  z 


If  we  make  — -— •  =  m,  we  shall  have  b  =  ; ;  and 

a  +  6  1  —  m 


a(6+<»2>* 


i./,         V  wz-y,  mz    \         hz  kmz 

-^  ^  '        m^  z     '^  \  m  +  z  /  a  a  (m  +  {I  -  m)  z)  ^' 


If  the  right-hand  side  of  this  equation  were  =  D/it  is  manifest  that  it  would  be  satisfied  by  making  2/(1       z) 

—  5    for  then,  puttmg    : —  foi 

5  '^         °     w  4-  z 

m  +  z*^^  m  +  z/ 


=   C  a  constant,  or/  (1  —  2)  =  — 5    for  then,  putting    — -- —  for  -,  we  should   have  idso 

Z  fM   "T"   Z 
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9if     If  we  consider  tbe  term on  the  right-hand  fiide»  it  will  be  seen  that  we  may  satisfy  the  equation^  by  Clup.  it 

4^  supposing  z/(l  —  z)  to  be  equal  to  a  certain  definite  integral,  depending  on  a  new  variable  i,  which  dbappears 

It*         —  1 
in  performing  the  integration  between  certain  limits.    Let  zj  (I  —  z)  =  C  ^ . d  t  from  /  =  O 

*  *  —  i 
-; — r  dt. 


and  the  first  side  becomes  C 


*  «  d  I  =   -— -  t^  ,    (when  taken  from  <  =?  0  to  <  =  1)  =  -—  i 


and  satisfies  the  condition  if  —   =  — ,  or  C'  =  . 

ma  a 

In  the  same  manner,  if  we  consider  the  term  on  the  riffht-hand  side» : — — r,  it  will  be  seen  that 

^  a  (w  +  (I  —  m  z) 

we  may  satisfy  it  by  making 


z/(l-z)=C"    /     1 d^,  fromi  =  Oto<  =  1. 


By  this  assumption  we  have,  putting  — -—  for  z, 

HI  T"  Z 


HI 

911 

ittdthus  the  first  side  of  equation  (c)  becomes 


LL     ~^d*, 
1  —  < 


/ 


«»     dt. 

=  C" 

tj^' 
m 

z 

i 
-  m  +  1 

Cz 

«+  (1- 

«)«' 

Armz 

a  (m  +  (1 

-«) 

^y 

C"=  - 

km 
a 

C". /    t 


(tiking  ^  from  0  to  1) 
which  coincides  with 

if 

Hence  the  whole  equation  (c)  will  be  satisfied,  if  we  aild  together  these  terms,  and  make 

.n.-.y^c^^J'-Lljil„--^f-i;i^.. w 

iireach  part  on  the  left  hand  will  produce  a  term  agreeing  with  the  corresponding  one  on  the  right  hand  as 
M>re,  and  the  whole  equation  will  be  satisfied. 

Cor.  In  this  case,  h  =s  k, 
Bdt nuking  r  =  a,  Tj  :=  6  in  equations  (G),  (art.  257),  we  have 

af(l)+bg{l)=^h, 

«/(!)  + 6g(l)  =  Af. 

Hence  the  above  expression  in  (d)  reduces  to 

z/(i-z)=c+— y-y^:^i=     dt, 

whence  the  form  of/  is  known, 

mh    i-l-'-V-,, 


C     ^    mh    pi  "  t^-* 

/(l  -2)=  —  +  / -- 

^  ^  '         z  a zJ        1  —  * 


x2 
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SrtSdty.     The  quantity/ (^—^  must  be  finite  from  aU  values  from  r  =  -  a  to  r  =  +  a;  therefore/ (1  -  x)  must    O 


C' 

be  finite  when  r  =  a,  or  z  =  0.    Hence  the  term  —  must  vanish,  and 


and 


(260.)  Tb/nd  the  function  g. 

Take  the  second  of  equations  (a),  viz. 


a  +  b-r/  \a  +  b^rj    ^     ^    \  b  J 
Let  6  —  r,  =  a  2„  or  fj  =  6  —  a  X,  5 

•■•  iT7;/('-rf7;) +'»(•- =^)= '■ 

Putting  — ^^ —  for  x,  in  the  result  of  the  last  article,   the  second  side  becomes 
1  +  «i 

a  a  c/         1  —  «       ' 

a   #/  »*    c/  1  —  * 

(as  appears  by  taking  the  integral  from  <=:Otot=:  1) 

And  if  we  make  -r--  =  «,  whence  Zj  =  —  = 


b  '       '         a  1-iH 


-^cfr. 


we  find  z  g  (1  -  z)  =  -i y^^    x  -  / 

(961.)   To  find  the  constant  quantity  h,  knowing  the  whole  quantity  of  fluid  on  the  two  spheres. 

When  the  spheres  are  in  contact,  it  is  supposed  that  the  fluid  can  pass  freely  from  one  to  the  other.  Hence 
it  is  only  the  sum  of  the  quantities  on  the  two  spheres  which  is  given.  And  it  has  been  shown,  art.  258. 
that  if  E  be  the  quantity  on  the  sphere  with  radius  a,  E  =  4  w  a^fx,  making  x  =  0  in/x:  or  E  =  4  w  a* 
/(I  —  z)  making  z  =  1.  So  if  F  be  the  quantity  on  the  other  sphere,  F  .=  4  w  6 «  g  (i  —  z),  making  z  =  !• 
Hence  E  +  F  =  4  jt  {a«/  (^  -  «)  +  ^*  5r  (1  -  «) }  making  z  =  1. 

And  by  the  values  just  found,  putting       ^ — ■  for  6,  and  1  for  z, 

p(      <«»- 1  —  1  ^-«— i") 

E  +  F  =  45ra^  /   <m  — — —    +  m  — — — |d< 


whence  A  is  to  be  determined. 
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7^      (2B2.)   To  find  the  tJuckness  of  the  stratum  offiuid  at  the  point  ^J  contact. 
^'     By  art.  253.  we  have  the  thickness  at  this  poiat  by  the  formula 

making  x  =  1 5 

or  y  =/(!_,)- 2  (i.z)i^^lZL!>, 

making  z  =  O. 

To  find  the  value  of  this,  let  t  zs  0*,  and  the  expression  for/(l  — z)  becomes 

azj  1-0*  aj  1       0^  ^"^ 

I        die  limits  being  ^  =  O,  ^  =  1. 

Expanding  according  to  powers  of  z,  we  find 

1-^0'        ■"  zl0  +  JzM^«  +  &c. 

=  (1-m)  {1-  -^  le  +  kc.^ 

.. ./ (1  -  ,)  =  (±rJ!^r  { ^--1  d^  -  :|i  (?« - 1 .  /  e? .  d  e?  +  &c.  } 

And  between  the  limits  we  have 

^*         1 
0^     ^  d0  ^  — =  — 
fit         m 


s 

xf  in  m  ^/ 


1 


../(I  »  ,)  =  !!!j!  (1  «  „,)  (-L  +  JL  +  &c.  \ 


AdJwhen  *  =  0./(l  _  z)  =  (1  -  »0  4  i  — Jf^^  =  (1  -  m)  ^. 

Hence^  at  the  point  of  contact,  we  have  for  the  thickness  of  the  fluid  on  the  sphere  whose  radius  is  a, 

y=o. 

And  in  the  same  manner  the  thickness  of  the  electrical  stratum  on  the  other  sphere  will  be  0  at  the  point  of 
contact. 

(263.)  Tilt  spheres  being  separated  after  being  in  contact,  there  is  always  a  greater  excess  of  fluid  on  the  greater 
sphere. 

When  the  spheres  are  separated,  so  as  no  longer  to  act  on  cich  other,  the  thickness  of  the  i»trafum  at  the 
wrfiice  of  each  will  be  uniform  :  and  it  will  by  art.  253.  be  found  by  making  x=:Oin/x  for  the  first  sphere, 
uui  X  =  0  in  g  X  for  the  second.     Hence,  if  E  and  F  be  the  quantities  of  these  strata,  we  have 


E  =  4  IT  a^fxl 

>  makmg  x  =  0. 
=  4irb^gx} 


Hence  F  —  E=4w(fe«gx  —  a^fx),  making  x  =  Oj 
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Theory  of  =  4  ?r  { 6^  g  (I  —  z>  —  o«/  (I  —  x)  j  making  «  =:  !• 

Sleetricltv. 

(1  -  m)  A  6  /       ^  _  ^      dt  "mhaj       ^  _  ^        d  <  \ 

I \dt\  since  (I  —  >»)  6  =  m  a,  by  art.  259. 

But  it  has  been  proved  by  Eulcr,  that  between  1=0  and  <  =  1  we  have 


/ 


— ^"      d  i  == '^ (Lacroix,  Cal  Diff.  et  Int.  torn.  iii.  art.  1197.) 

1  -  r  .       />"- 

n  tan  - 


n 
And  making  n  =  1,  andp  =  1  —  m,  we  shall  find 

p  —  1  r=  —  wi,  and  n— p—  l  =  m—  1;  whence  we  have 


f 


=  V  cot  (1  —  m)  r. 


I  —  t  tan  (1  —  m)  ir 

.• .  F  -  E  =  4  ir«  III  *  a  .  cot  (I  -  m)  ir. 


But  if  6  i».  a,  m  i>  J  and  cot  (1  —  m)  ^  is  positive  :  also  by  art.  261.  h  is  positive  when  E  and  F  are  positivcj 
therefore  F  —  E  is  positive,  and  F  >  E. 

(264.)   Two  spheres,  after  being  in  contact,  are  removed  out  of  the  reach  of  each  others  influence }  it  is  required  to 
find  the  ratio  of  the  thicknesses  of  the  strata  at  their  surfaces. 

The  thickness  on  each  will  be  uniform;  and  if  A  and  B  be  the  thicknesses,  we  have 

E  =  4  IT  a«  A;  F  r=  4  IT  6«  B.     Therefore  if /5  be  the  ratio 

JB_a^     Z.    ^   —   §1  ^  F  -  E) 
^""  A    "    Z»«  •   E    ■"    6«    (     ■*■        E     )• 

And  putting  for  F  —  E  and  E  their  values,  from  art.  263. 

F  —  E  =  4  9r«  m  /*  a  cot  (1  -  w)  t 

1  -  / 


E  =   4  IT  a«  /    — ^:^ :—    d  t 


we  have  p 


__  a«   J  w  cot  (1  —  m)  y  ^ 

=^1  V-^i^ "  i 


And  when  the  radii  a  and  6  are  known,  m  = is  known,  and  p  may  be  determined. 

a  +  6 

(266.)  We  have  now  the  means  of  comparing  the  results  of  this  theory  with  observation,  by  determining 
the  value  of /3  for  the  cases  in  which  Coulomb  has  made  the  experiments.  He  had  spheres  of  which  the  radii 
were  respectively  as  2  :  1 ;  4  :  1  ^  8  :  1  >  and  therefore  the  values  of  m  are 

— ,  — ,  — ,  respectively. 
The  integrals  to  be  found  for  these  cases  are 

taken  from  ^  =  0  to  ^  =  1. 

If  in  the  first  we  make  i  z=ie^/\n  the  second  <  =  d*,  and  the  third  /  =  d»,  they  become  respectively 

3    /  d0,   5  / dO,  9    I ,- 

taken  from  ^  =  0,  to  ^  =  1. 

ITiese  integrals  can  be  found  by  the  usual  methods  for  rational  fractions,  and  substituting  the  numerical 
results  thus  obtained,  in  the  last  article,  we  have  the  values  of  /3  for  the  cases  above  mentioned. 

Coulomb  gives  the  name  of  electrical  density  to  that  which  we  have  called  the  thickness  of  the  stratum  j  and 
the  following  is  the  comparison  of  the  results  of  his  experiments  with  theory. 
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T                        

Ratio  of  the  Radii 
a  :  6.       . 

Values  of  /3,  the  Ratio  of  the  Thidcnesscs 
of  the  Electrical  Stratum  on  the  two  Spheres. 

Difference  of  Theory 
and  Observation. 

By  Theory. 

ByObserration. 

2  :  1 
4  :   1 
8  :   1 

1.1«01 
1.316*8 
1.4443 

1.30 
1.65 

+  0.07 
+  0.01 
-  0.15 

t:iiiip.iL 


The  agreement  of  the  two  first  observations  with  theory  is  remarkable.  In  the  third  case  the  difference 
may  still  be  attributed  to  the  errors  of  observation  :  and  it  may  be  noted,  that  in  this  case  Coulomb  did  not 
determine  the  distribution  of  the  flliid  directly,  but  having  touched  the  large  sphere  with  the  small  one  twenty- 
four  times  in  succession,  he  calculated  from  the  result  of  this^  the  distribution  of  electricity  at  each  contact. 

(2^6.)  To  find  the  limit  of  ^  when  b  is  infinitely  small, 

lITien  6  =  O,  w  =  O. 

We  have 


/'-^f^-=/(^-')- 


/<«»  —  1 


dt   + 


Bat,  by  the  values  of  £  and  F,  art.  263.  we  have 


6«  *    E    ■"    '^'^ 


/t-*"  -  1 
1  -* 


dt 


m      J      1  —  < 


di 


^  .       a«  (1  -  m)« 

Orsince—    =    ^ — ^ 

6«  m« 


1  -  m« 

And  it  is  clear  that  when  m  becomes  0,  this  becomes 

1 

di, 


dt. 


=  y  f  /  i-  d  /  + 1  ^ .  <  d  <  + 1  -i- .  <«  rf  < + &c.  |> 
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pectricUy.  =i4.-L+JL4.-L  +  &c.;  V. 

=  — -    =  1.6449,  as  is  known. 

Hence  when  b  is  infinitely  small>  P  =  1.6449. 

Coulomb  conjectured,  from  his  observations,  that  by  increasing  the  disproportion  of  the  spheres,  the  ratio 
of  the  electrical  densities  could  never  be  made  to  surpass  that  of  2  :  1.  This  exceeds  the  true  limit  by  about 
one-fifth  of  the  whole. 

(267.)   To  find  the  thickness  at  the  point  opposite  to  the  point  of  contact. 

In  the  expression  for  the  thickness,  art.  253. 

we  must  make  x=  —  l5orz=2iny=  — 2(1—  z)  — — +  /  (1  —  z). 

Now  (art.  259.)  r/  (1  -  z)  =  — -  / t*        d  t,  from  <  =  O  to  <  =  1, 

Differentiating  with  respect  to  z, 

•'^  -*  ^  dz  a    J        l-t  ■      t       t* 

az*  J        \  -t  t 

dz  z  a  t'J        I  -  t  '  f 

(\  —  z)  2  n  —  z'i  »«*  A     /»  1  —  <    -  "  —  -  >    I    ^       J  # 

y=fii-z)  +  ^^±-jif(i-z)  -  '^'  ^;;"'  J  \l^  «■     i-f-'^'' 

when  z  =  2 ;  therefore,  Y  being  the  thickness  at  the  point  in  question, 

4a  t/        1  —  /  t  ' 

4  a  t/  1   —  *  t 

If  Z  be  the  thickness  on  the  other  sphere  opposite  to  the  point  of  contact,  we  shall  have  similarly. 


,=    f(,-.)iiil^  +  ,(,_.) 


=,(,_,) +l<i^  ,(,_.,  _lIl.:i^^ji:j)My-l^",^ --'if.., 

and,  making  z  =  2, 
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If  of      ["l&S.)   To  find  the  thickness  opposite  the  point  oj  contact,  when  the  spheres  are  equal  ^^P-  ^^ 

Mty.  ^  J  ^^"^^ 

/^      Here  wi  =  - — — r-  =  -tt*  ^°<*  ^y  ^^^  article 


'^JIL^P— : l—dt    Andalso 

16  a  c/  1  -  *  * 


t-^  --  t"^  1  JL 
1  -  *  t 

^    I6a  J  1  -  «  * 

^0^  .'.dt=z40^d$. 


z  =  --^   / 1 l  —  dt 

16  a  ^  1  —  * 

Let  iszO*  .'.dtsi4  0^  d$. 


r»,  I 


the  integral  taken  from  0  =  0  to  0  zs  1. 
By  expanding,  we  have 

/I  1 

d*  1  — r-  {!  d   =r    _— 
^  (n  +  !)• 

all*         3«    ^    5«  J 

And  taking  a  sufficient  number  of  terms  for  the  approximation^  we  find 

Y  =  ,916  —. 
a 

(^69.)   To  compare  this  with  the  mean  thickness. 

If  A  be  the  mean  thickness,  which  will  be  the  same  on  both  spheres, 

E  1 

we  have  A  =s  j j.    And  since  m  =  — ,  by  art.  (264.) 


between  the  limits. 


A  =  --—   / dt^    —    I =  —  /  2  =  .693  — 

%aj       1  — f  a  J      I  -\-  ^  t       a  a 


y   _  .916  _ 
A  .693 

Coulomb  founds  by  experiment,  this  ratio  equal  to  1.27>  which  differs  by  less  than  one  twenty-fifth  from  the 
value  given  by  theory. 
(^0.)   To  compare  the  gieatest  thickness  on  the  less  sphere  with  the  mean  thickness  on  the  greater  sphere, 

Z 

Let  -—  =  7,  the  ratio  sought 

By  arts.  (287.)  and  (264.) 

tn  -f  1  «  —  1 

4b       J  I  ^  t  t 

.        .mh     pt"^-^  —  1    , 

A  =  /    — -—  d  t 

a   J         1  —  < 


4mh  pt"-^  —  I 

—  .dt 


r^ 
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h  (1  —  mY  a 

Theory  of  and  tvhen  the  radii  a  and   h  are  known,  we  know  m  =s    -.    The  coefficient  ^ r —  becomes    Ch 

ElectHrity.  a  +  b  4  m  b  \^ 

4(a-f  byb" 

(271.)  Coulomb's  experiments  were  made  with  spheres,  of  which  the  radii  were  as  1  :  1^  as  2  :  1»  as  4  :  1, 
and  as  8  :  1.     We  shall  have  to  calculate  the  value  of  7  for  these  cases,  and  to  compare  it  with  experiment. 

When  b^  a,  m  =  —,  and  the  value  of  7  is  the  same  as  that  of  —  in  art.  (269.) 

Wlien  6  2=  —  a,,  m  =  —  5  and  the  integral  in  the  numerator  of  7  is     / —   1  —   d  t ;    and 

/I  —  ^  i 

•p — —    1   —  ,  dO,    And  by  expanding,  this  may  be  integrated  from 

^  =  0  to  ^  =  1. 

/t-^  —  1 
-^ d  t,  which  may  be  made  rational,  by  putting  t  ^  $^, 
1  —  i 

When  &  =  -— -  (I,  m  =  •—-.    The  integral  in  the  numerator  of  7  is 
4  5 

/t'^—t-^  1 
^  —    1  —  d  /.  And  making  t  5=  0*,  this  becomes 

^    3  i  —  .  dO ;  which  may  be  integrated  as  before  -,  as  may  the  denominator. 

When  b  =  ---  a,m  =:  — ■.    The  integral  in  the  numerator  is 

/<-*  —  *-*         1 
— 1  —  .  di.    And  making  i  =:  0^,  this  becomes 

/^»-0*         1 
I  ^  Q9    ^  "^  '  d0  i  which  may  be  integrated  as  before.    The  denominator  may  also  be  made 

rational  as  before. 

Terforming  these  calculations,  and  comparing  them  with  Coulomb's  experiments,  we  have  the  following*' 
results. 


RafioofUieRiiaU 

a  :6. 

Valaes  of  7. 

DiflTefence  of  Theory 
and  Obtermtioa  com- 
pantd  with  the  whole. 

By  Theory. 

By  Obsenration. 

1:  I 
2:1 
4:  1 
8:1 

1.322 
1.834 
2.477 
3.087 

1.27 
1.55 
2.35 
3.18 

+  0.04 
+  0.15 
+  0.05 
-0.03 

The  last  column  contains  the  difference  of  the  value  given  by  theory  and  that  given  by  obaenratioB,  divided 
by  the  former  value. 

We  now  proceed  to  find  the  thickness  at  any  point  not  in  the  line  joining  the  centres^  and  for  that  purpose 
we  must,  by  (252.),  deduce  0  (a,  x)  from/ j. 

(272.)   Tofindf(x), 

/(I  -  ,)  =  ^  /  L^^li:  ,-^  - 'd  ,  by  (259.) 


Now 


/■-• 


-^-i+» 


di^ 


_      y 


»»  +  wy 


taken.r  =  0,  to  t  =  1 
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f 


—  -111+   II 

t*  dt  =: 


m  -^  {n  -^m  -h  1)  z  ' 
and  we  have  these  terms  ocourriog^,  with  all  values  of  n  from  O  to  o. 

r   1  1  1  1 

mh  J     ^  m  +  z  m  +  ^z m  +  nz 

.'./(I  —  2)  =  < 

•^  ^  ^  «     )  1  1  1 


m  +  (1  —  m)  2       m  -j-  Ci-^m)  z m  +  (»  —  m  -f  1)  z 

And  if  we  put  1  —  a:  for  z,  we  shall  have/x. 

(273.)  In  order  to  find  0  (ji,  x),  we  must  expand  this  expression  in  powers  of  r,  and  multiply  the  successive 
terms  by  Qo>  Qi>  Q2»  &c.  which  are  such  that 


^(1  -2/tx 


-J— ^^  =r    Qo+Qix  +  Q2x«+  ....  0,jr«+  .... 


Hence  the  term will  become 

m  +  ny 

1  _       1        f,  nx  fi^J«  fi^x»        .    «      ) 

m  +  ri'-nx        m-j-n    {  f»  f  »    "*"   (w  +  n)«  "*"    (m  +  n)»  "*"  p 

and  will  give^  in  0  (^>  x),  the  terms 

which  will  clearly  be  equal  to 

1       r  2i*nx  «*x*     1""*" 

-4-  1  1  -  ^^  +   V  V     xt[       or{(«i+n)«-.2^(m  +  n)nx  +  n«xn--»' 

Let  this  be  called  R,. 

la  the  same  manner  the  term --r .  ,.   ., will  produce  in  0  (ji,  x)  the  expression 

m  +  (n  — m  + 1;  (1  —  x)  •  v      /  r 

_         1         f     _    ^fi(n^m+  l)x         (n-  m+  l)«x«)--^ 
n  -h   1  t  n  +  1  ■*"  (»  -h  1)«        J 

or  -{(»  +  l)«-3/i(n  +  l)(»-m  +  l)x  +  (n  -«»  +  l)«x«}""*' 

Let  this  be  called  —  S«. 

We  shall  then  have        0  (/*,  x)  =  {  Ro  —  So  +  Ri  —  Si  + +  R^  «  s, } 

(^74.)   To  fold  the  thkknen  of  the  stratum  of  fluid  at  any  point  of  the  surface  of  the  tphereu 
We  have  the  thickness  on  the  first  sphere  by  the  formula  in  (253.) 

asiog  the  value  of  0  (/»^  x)  in  last  article,  and  making  x  =s  1  after  the  differentiation. 

On  the  other  sphere  we  must  use  g  x  and  ^  (/»>  x)  instead  offx,  and  0  (/»>  x).  -  But  it  is  clear,  from  (257.)/ 
that  we  shall  find  g  x  fromfx  by  putting  1  ~  m  for  m,  and  b  for  a.  Hence,  by  this  process,  we  shall  tiiid 
i^  (fi,  x)  from  0  (ji,  x). 

(275.)  fflien  the  spheres  are  equtd,  to  find  the  dtstriimiiiKm  of  thefiuid. 

Here  tn  s=    ■      — r-  =  -rr-, 

a  +  b  2 

R,  =  2{(2n  +  l)«-2Ai(2n  +  l)2n.x  +  (2n)»x«}''* 
S«  =2{(2n  +2)«-2>(2n  +  «)  (2n  +  1)  x  +  (2n  +  l)'***}' * 
Hcnceifweput  {(n  +  1)«  —  Stfi(n+  l)n.x  +  »«x«}"'*'  = '^« 

we  shall  have  R»  =  2  Tj.,  S,  =  2  Ta.  +.i . 

t2 
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0  (fi,x)  ==  -   {To-  Ti  +  T2  -T3  +  &c.} 


Cbi 


And 


dT^^ fi  in  +  1)  n  -«  n^  x 


And  hcnce^  when  we  make  j:  =  1,  we  have  the  value  of 

rfT. 


2x- 


+  T,= 


*2n  +  1 


dx      '     *""  (/I  +  l)«-2/t  (w+  1)  /*-fn«}* 

And  if  Wc  call  this  A«,  we  shall  have  the  thickness  of  the  stratum 

y  =  —  {Ao  -  Ai  +  A2  -  A3  +  &c.} 

In  this  formula  /i  is  the  cosine  of  the  angular  distance  of  any  point  from  the  point  of  contact^  and  the  series 
will  be  sufficiently  coni-ergent  for  all  cases,  except  when  fi  is  nearly  equal  to  1. 
Thus  for  the  point  opposite  to  the  point  of  contact^  ^  =  —  1, 


1 


;,  and  hence 


which  agrees  with  what  was  found  in  (268.)  by  a  different  method. 

(276.)  We  shall  compare  the  results  in  this  case  with  those  which  Coulomb  obtained  from  experiment* 
Placing  twov equal  spheres  in  contact,  he  measure<l  the  electrical  density  at  distances^  from  the  point  of  contact, 
of  30°,  60^  90^  and  160°.     Now  in  this  case  we  shall  have 

at  30*  p,  =  ^,  y  =  0.137  -^  } 
at  G0°,  /i  =  -^,  y  =  0.599  —  j 
at  90°,  ^  =     O,     y  =  0.603  —  -, 


at  180°, /t  =   —  1,  y  =  0.916  — . 

We  can  only  compare  the  relative  values  of  these  quantities  with  experiment.    Hence  let  the  value  of  y,  cor- 
responding to  90°,  be  divided  by  each  of  the  others  ;  and  let 


thickness  at  90° 


=  o, 


thickness  at  90^ 


thickness  at  180°  "'    thickness  at  60° 

We  shall  then  have  the  following  comparison. 


=    ci'. 


thickness  at  90° 
thickness  at  30° 


=   a". 


Ratios  of  Electricity  at  diffisrent  Points  of 
equal  Spheres  in  contact. 

Difference  of  Theory 

and  ObMrvation 

compared  with  the 

whole. 

By  Theory. 

ByObserration. 

a 
d 
a" 

1.877 
1.342 

6.857 

0.95 
1.25 
4.80 

—  0.08 
+  0.07 
+  0.18 

The  last  column  contains  the  excess  of  the  value  given  by  theory  above  that  given  bv  experiment,  divided  by 
the  former  value.  '  ^ 
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y  of      (^^O  When  the  ra£u$  of  me  sphere  is  double  that  of  the  otha,  to  find  the  distribution  of  the  fluid,  on  the  surface   Chtp.  XL 
Wif.  of  the  smaller  sphere. 

Let  6  =  ^  a,  therefore  m  =  — •. 

Hence  R,  =  S  {  (3  n  +  2)«  -jS  /*.  (3  n  +  2)  3  «  .  x  +  (3  «)«  x«  }  -  + 

S.  =:3{(3n  +  3)«-2A(3n-f3)  (3n  +  I)  x  +  (3  n  +  l)'x«  }  -  ■*-• 
Make  [  (n  +  2)«  —  2  /i  (n  +  2)  n  .  x  +  n'  **  }  "  "*^  =  U„  and  we  shall  have 

R,  =  3  Uj  i„  S«  =:  3  Us  «  + 1. 

0  Ot,x)  =  —   {Uo  ^  Ui  +  U8-U4  +  &c.} 

dUi,  __     /*(n  4-  2)  n  --  w^j 

dn^    {  (n  +  2)»  —  2  /*  (»  +  2)  n  .  X  +  n«  x")* 

2xlH?  +  U   =  ^  (>^  +  ^) 

dn  ■       {(n +2)*  — 2/t(»  +  x)  ».x  +  n«x*}i- 

And  if  B»  be  the  value  of  this  when  x  =  1^ 

4  (n  -h  1) 


B.= 


{  (n  +  2)«  -  2/t  (n  -h  2)  n  +  »«  }  T> 
and  we  shall  have  for  the  thickness 

y=   -?A   {Bo-Bi+B,-B4+&C.} 

If  we  give  to  fL  the  values  corresponding  to  the  angles, 

VIZ.  /*  =  — ,       A*  =  O,  ^  =  —  1 J 

we  shall  find  for  y  the  values 


.321  — ^  .577  —         .781  — , 

a  a  a 


and^  as  before^  we  shall  make 


thickness  at    90°  _        thickness  at  90°    _ 
thickness  at  180°  ""  ^'  thickness  at  60°    ""  ^' 

(278.)  In  the  same  case  to  find  the  distribution  offiukl  on  the  larger  sphere. 

We  have  here  to  find  Y^  (jiyx),  for  which  purpose  we  must  put  1  —  m  for  m,  and  b  for  a  in  0  (/*,  x).  Hence 

m  the  general  expressions  for  Rn  and  S«  we  must  put  —  for  m,  and  we  have  thus 

o 

B.  =  3  {  (3  n  +  1)«  -  2/t  (3  M  4-  1)  3  n  .  X  +  (3  n)«  x'*  }  -  t 

S,  =  3  {  (3  n  4-  3)«  -  2/4  (3  n  +  3)  (3  n  +  2)  X  +  (3  »  +  2)«  x«  }  -  -^ 

And,  as  before,  putting    {  (n  +  1)«  -  2  /*  («  Hr  1)  »  x  +  n  «  x«  }  -  ^  =  T,u  we  shall  have 

R,  =  3T8»,and  S,  =  3T3,  +  2.    Hence 

V.  (j.,x)  =  -^  |to  -•  T,  +  Ta  -  T4  +  &c.| 
And  A«  being  the  same  as  in  art.  (275.),  we  have  for  the  thickness  y, 

y  =   A  j  Ao  -  A2  +  A3  -  A5  +  &c.  I 

At  90°  from  the  point  of  contact  y  =  .928  —  =  .464  — . 

At  90°  from  the  point  of  contact  on  the  other  sphere  y  =  .577 — •   Hence,  at  the  rings 

*wliic1i  are  90^  from  the  point  of  contact,  the  thickness  of  the  fluid  is  greater  on  the  smaller  sphere. 
_  thickness  on  smaller  sphere        ^„ 

thickness  on  larger  sphere 


IM 
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.  Tkeorf  of      (279.)  We  thall  compare  the  results  in  the  two  lost  articles  with  experinevt.    The  lost  column  is  calcoktet*  Ck 
Bcatiiitjr.  as  before.  — 


Ratios  of  Electricity  at  diflTerent  Points  of 
two  Sphenes,  olc  lUdiaa.  being  do«ble  the  other. 

Diflterence  of  Tlieory 

and  Obsenration 

compared  with  the  whole. 

By  Theory. 

.  By  Obserration. 

.739 
1.797 
1.^38 

.75 
1.70 
1.25 

-  0.01 
+   005 

-  0.01 

(260.)  fflien  one  of  the  radii  is  four  tunes  the  other,  to  find  the  distribution  of  fluid  on  the  smaller  sptiere. 
As  before,  if  we  make  {  (n  -f  4)«  —  2  /4  (n  +  4)  n  .  x  +  «'  «^  }  "  *  =  V„ 


we  shall  have 
And  if  we  make 


0  0*,  x)  =  —  {  Ve  -  Vi  +  Vft  -  Ve  +  kc.  } 
a 


8  (n  +  2) 


we  shall  have  for  the  thickness  y,        y  = 

And  at  distances  from  the  point  of  contact 

90P 
^  =  0 


{(«  +  4)*~2Ai(»  +  4)11  +  ««} 
4h 


i  =  c« 


y  =5   ^49    — 
^  a 


{  Co  -  Ci  +  Cft  -  Qj  +  &c.  }  , 

^  =   -  1 

V  =3   .584  — 
a 


Let 


thickness  at  180® 


thickness  at   90''        ' 
(281.)  The  last  result  being  compared  with  experiment,  we  have 


By  Theory. 
7  =   1.673 


By  Obeerr ation*  Diffierencc  compared  with  the  whole. 

1.43  -f  0.15 


(282.)  If  we  take  the  sums  of  the  differences  contained  in  the  last  columns  of  the  tables  in  arts.  (265.),  (271. )» 
(276.),  (279.),  (281.),  and  divide  this  sum  by  14,  the  whole  number  of  observations,  we  shall  have  the  mean 
difference  of  the  results  of  theory  and  of  experiment  This  difference  is  between  .03  and  XH,  so  that  it  is 
nearly  -sV-  If  we  add  all  the  differences  together,  neglecting  the  contrary  signs,  and  divide  by  14,  we  shall 
have  a  quotient  less  than  ^v }  and  hence  it  appears  that  in  whatever  manner  we  estimate  the  mean  difference^ 
it  is  always  sufficiently  small  to  be  attributed  to  the  errors  of  observation. 

§  IV.  On  the  distribution  of  the  fluid  on  the  surfaces  of  two  spheres  at  a  considerable  distance  from  each  other* 

(283.)  In  this  case  to  find  fx  andgx. 

The  distances  of  the  spheres  is  here  supposed  to  be  large  compared  with  one  of  them>  as  b.  Take  the 
equations  (G)  of  art.  (257.) 


Let  f  =  aj,  r|  =  6jr  =  l— ar,  1  being  the  distance  of  the  centres, 


(«) 


.(«) 
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if      Expanding  the  terms  in  the  second  equation,  we  ha^e  Clap.  11. 

*  ft 

■^  — i— .   =r   a«  (1  +  fc  X  +  6«  af«  +  6»  x5  +  &c.) 

1  —  bx' 

/,/^  &c.  bein^  the  derived  coefHcients  from/  {x)  making^x  =s  a.    Hence  the  second  of  equations  {a)'  gives, 
omitting  cubes^  &c.  of  6^ 

Pttt  for  X,  multiply  by ,  omitting  cubes^  &c.  of  h,  and  we  find 

1  —  ax  1  —  ax 

b*  /       b      X   ^  (k--a*f(a))b^ 

1— axVl— ax/  1  —  ax 

Hence  we  have  from  the  first  of  equations  (a) 

./(.)=>- "71'^;;'" M 

Hence  differentiating  with  respect  to  x,  and  tiien  mtdcing  x  as  a, 

af{a)=h iZZm •' 

From  the  first  of  these  three  equations  we  have 

h-  JlL. 

^         l-o» 
Hence  k  -  a*f{a)  =  (k  -  h  a)   —-Z^L^; 

aad  hence,  by  the  preceding  talues, 

/(  —  A  a  a  b 


^,,^  (fc-Aa)  2a«6 

«/^^(°)  =  "Orr^»    l-a^-ab' 

Sibatituting  these  values  in  (7),  and  (fi),  we  have 

the  other  terms  involving  6',  &C.5 

-  aA&x- aA6*x« (e) 

We  may  in  these  formulee  expand r    =  — +   -rz rri  &c.  and  omit  the  terms  involv- 

'  *  1— a«  — a6  I  — a*  (I— «*)• 

jngb^,kc. 

This  formula  requires  b  to  be  small,  not  only  with  respect  to  the  distance  of  the  centres,  represented  by  1, 
bat  also  with  respect  to  1  —  a,  the  distance  of  the  centre  of  the  smaller  sphere  to  the  surface  of  the  larger. 
Hence  the  formula  cannot  be  applied  to  the  case  of  contact. 
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Theory  nf       (284.)  Know'mg  the  quantity  of  fluid  on  each  sphere,  to  find  k  and  k. 

Electricity.      Let  £  be  the  quantity  on  the  one  whose  radius  is  a,  F  on  the  one  whose  radius  is  5.  / 

We  shaU  have,  by  art.  (203.)  ^ 

E  =  4  x  a«/  (x)i  F  =  4  3r  &«  g  (x),  making  x  =  0. 

Or  if  A,  B,  be  the  thicknesses,  supposing  them  uniform,  A  =  /  (0),  B  =  ^  (0)5 

.' .  by  last  article,  equations  («),     a  A  =  A ; —   \    ^  r 

1  —  o*  •—  ao 

_  {k^ha)(l^a^) 
""        1  -»  a«  —  a  ^ 

Hence  .  a  A  +  &•  B  =  ^ 

And  from  the  second  equation  k  —  ha  =z -— — - —    5  B ; 

ab 


.  Af  =  ^  a  -h    ^l   -  iZT^*  )  *  B^  and  putting  the  above  value  for  h, 

k  =  a^A-hab^B^    (l-  ,   ""  ^     \  6B 
V  1  —  a*/ 


=  a«A 


a'  & 


M'-T^.)" 


By  introducing  these  values  in  (0)  and  (c)  of  last  article,  we  find 
a/  (x)  =  A  a  +  B  6^  -       B  b'^ 

•^  1   —   tt  X 


Sg(x)  =:B6  |l-  -(T^:^^:}  -    {Aa  +  B68}    {a6x  +  afe«x^}; 


or,  omitting  6',     6  g  (x)  =  B  6  —  A  a«  &  x  (1  +  6  x) 
These  values  may  be  put  in  this  form. 

a/(x)  =  Aa  — 


6g(x)  =  B6- 


1  -  ax  ' 

A  a-  bx 
1  -  6x  • 


(?S5.)     To  find  the  thickness  of  the  stratum  of  fluid  on  the  sphere  with  radius  a. 

From  the  method  given  in  art.  (273.)  for  obtaining  0  (/*,  x),  it  is  manifest,  from  the  values  in  last  article, 
that 

a0O[t,  x)  =  Aa  +  B6«  -     .-=- -^ -j 

and  putting  this  value  of  0  (/*,  x)  in  the  formula,  y  =  2  x  — j-^ —  -f    0  (fi,  x),  and  making  x  =  1^  we  have 

B&«  B&ft  (1  —  a«) 

y  =  A  + 


aV{l-2/ta  +  a«} 

(286.)   To  find  the  thickness  of  the  stratum  of  fluid  on  the  sphere  with  radius  b. 

By  art.  (252.) 

Since  6  g'  (x)  =  B  6  —  A  a«  6  x  —  A  a«  &«  x«, 

if  Qo,  Qi,  Qi  be  the  coefficients  in  the  three  first  terms  of  the  expansion  of  {l  — 2/ix+x'}-^/we  shall  bare 
Yr  (;i,  x)  =  B  Qo  -  A  Qi  a«  X  -  A  Q2  a«  6  x«, 

1  -  3^a 
But  we  find  Qo  =  1,  Qi  =  ^,  Q2  = -, 

,•.  Yr(a,  x)  =  B  -  Aa«/*x  +   ^  "o  ^     Aa^bxK 


electricity;  m 

f  of      And  z  being  the  thickness  on  the  other  sphere.  Chap.  IL 

"*^  «=»2«^^5^^^  +  T^«,makingar=  1. 

.-.  «  =  B  -  3  A  a V  +  4-  (I  -  3  /*«)  A  a«  ft; 

and  knowing  A,  B,  this  will  give  ns  the  distribution  of  the  fluid. 

A,  B  are  the  excesses  of  the  poritwe  fluid  on  the  respective  spheres,  and  will  both  be  positive  if  both  the 
spheres  are  positively  electrified.  If  one  or  both  have  an  excess  of  negative  or  resinous  electricity,  the  corres*- 
ponding  quantities  A»  B  must  be  negative. 

(987.)  Let  the  small  sphere  be  not  electrified;  to  find  the  dutrihutum  of  the  fluid  upon  it. 

Here  B  =  0,  .-.  «  =  -  3  A  a«  |  /*  -f  15  (3  ^«  —  1)  I 

At  the  point  of  the  sphere  which  is  in  the  line  joining  the  centres 

;4  =  1,  z  =  -  3  A  a«  |l  +  1-|. 

At  the  opposite  point  /*=  —  1,  Z3Bs3Aa*-|  1 [•. 

Hence  at  the  first  point  the  fluid  is  accumulated,  which  is  of  a  nature  opposite  to  that  whose  thickness  is  A  ; 
at  the  second  point  the  fluid  is  of  the  same  kind  as  that  with  thickness  A ;  and  the  intensities  at  those  points 

are  as  1  +  -—  :  1  —  — -,  and  therefore  nearly  equal, 
o  3 


(288.)  In  this  case  to  find  the  line  which  separates  the  two  fluids  on  the  surf  ace  of  the  smaller  sphere. 

(  2  5  6«\ 


5  h 
Make  z  =  O5  .-.  ^i  +  —  (3  /*«  -  1)  =  0; 

D 


A*  = 


56 


6  6 
And  neglecting  6%  &c.  /4  =  ---.    Hence  the  line  which  separates  the  fluids  is  a  circle,  distant  by  less  than 

o 

90^  ^m  the  vertex  of  the  sphere.  Hence  the  negative  fluid  (that  which  is  of  a  different  kind  from  the  fluid 
on  the  sphere  with  radius  a)  occupies  less  than  half  the  surface.  As  the  distance  of  the  spheres  becomes 
greater  with  respect  to  the  radius  6,  the  circle  which  separates  the  fluids  approaches  perpetually  to  the  circle 
bittcting  the  sphere. 

(289.)  When  the  excess  of  fluid  on  the  smaUer  sphere  is  known,  to  find  its  distribution. 

It  appears,  by  art.  (286.),  that  the  thickness  z,  of  the  stratum  at  any  point,  will  be  that  found  in  art.  (287.)  +  B. 

If  die  second  sphere  were  negatively  electrified,  B  would  be  negative  -,  and,  in  other  respects,  the  conclu- 
sions would  be  the  same. 

(290.)  Let  the  small  sphere  receive  its  fluid  by  contact  with  the  first,  to  find  the  distribution  when  it  is  removed  to  any 
Ssiance. 

When  6  is  very  small  compared  with  a,  we  have,  by  art.  (266.) 

B  7^ 

-—-  =  —-i  .•.  when  /4  =  1,  or  at  the  vertex  of  the  smaller  sphere, 
A,  6 


=  A  <  —  —  3  tt*  >,  omitting  the  term  in  6. 


This  will  be  positive,  0  or  negative,  as  -—  b  > ,  =,  or  <  3  a«. 

6 

/.    1.        1          3^2 
2  =s  0  when  —  =  ^. 

a  V 

Hence  if  the  distance  of  the  centres  be  to  a  in  a  less  ratio  than  3  ^2  :  r,  or  than  4  :  3  nearly,  the  fluid  at 
the  vertex  of  the  smaller  sphere  is  negative.  When  the  spheres  are  exactly  at  that  distance,  the  electrical 
intensity  at  the  vertex  of  the  ^mallec  cne  vanishes ;  and  when  the  distance  becomes  greater,  the  electricity  at 
the  vertex  is  positive. 

Hence  if  a  sphere  of  small  radius  is  placed  in  contact  with  another  sphere  electrified,  suppose  positively,  and 
if  we  afterwards  separate  them,  the  electricity  at  the  vertex  of  the  small  sphere,  which  was  0  at  the  instant  of 
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lEX^Mty.  contact^  becomes  negative  after  the  separation.    It  continues  so  till  the  distance  of  the  centres  becomes 

nearly,  at  which  point  it  is  again  Q.  Beyond  thia  situation  the  electricity  becomes  positive^  or  of  the  same 
kind  with  the  other  sphere. 

(S591.)  In  the  case  when  spheres  of  any  radii  are  not  in  contact,  the  investigation  of  the  distribution  of  the 
fluid  is  more  difficult  and  laborious;  and»  as  we  have  no  series  of  Accurate  experiments  with  which  we  can  com- 
pare our  results,  we  shall  content  ourselves  with  referring  the  reader  to  Mr.  Poisson^s  second  memoir  on  the 
subject,  (M^m,  (le  V Instit.  Ann6e  1811,  p.  163.)  He  has  there  shown  how  we  may  obtain  the  thickness  of  the 
electrical  stratum  at  any  point  of  the  surface  of  two  spheres^  placed  within  the  reach  of  each  other*s  influence^ 
and  under  any  given  circumstances  of  electrization. 

We  may  observe,  however,  that  a  succession  of  effects  at  different  distances,  similar  to  that  described  in  last 
article,  as  occurring  when  one  of  the  spheres  is  very  small,  may  occur  for  other  cases  :  and  we  have  an 
experiment  of  Coulomb's  of  this  kind,  with  which  we  can  compare  our  calculations. 

,  Coulomb  took  two  spheres,  whose  radii  were  a?  11  and  4  -,  after  placing  them  in  contact,  electrifying  them 
positively,  and  then  separating  them,  he  found  that  the  smaller  sphere  exhibited  signs  of  negative  electricity 
till  the  distance  of  the  surfaces  was  equal  to  the  smaller  radius  :  at  this  distai^ce  the  electricity  of  the  point 
on  the  smaller  sphere  which  was  nearest  the  larger  was  0  5  beyond  this  it  became  positive. 

In  Mr.  Poisson's  formulae,  if  we  substitute  the  values  which  correspond  to  the  radii  of  the  spheres,  and  to  the 
position,  where  the  distance  of  the  surges  is  equal  to  the  smaller  radius,  we  find  for  the  electrical  thickness 
on  the  smaller  sphere,  A  being  the  mean  thickness  on  the  smaller, 

y  =  -  0.0372  A. 
The  electricity  is  negative  at  the  point  in  question  ;  but  so  small  that  it  might  easily  appear  insensible. 

(392.)  From  the  preceding  statements,  the  reader  may  be  enabled  to  judge  of  the  agreement  between  this 
theory,  thus  reduced  to  calculation,  and  the  most  careful  experiments  3  and  he  may  decide  how  far  the  near 
coincidence  of  the  natural  laws  with  the  mathematical  ones  establishes  the  truth  of  the  principles  from  which 
the  latter  are  derived.  We  shall  mention  one  other  consequence  which  follows  from  the  theory,  and  which 
agrees  with  observation,  viz.  the  discharge  of  a  conductor  by  a  spark,  though,  from  the  nature  of  the  calcula* 
tions  on  which  it  depends,  we  can  only  give  the  results,  without  going  through  the  investigation  oa  which 
they  depend. 

Let,  as  before,  a,  b  be  the  radii  of  two  spheres,  c  the  distance  of  their  centres,  A  and  B  the  mean  thicknesses 
of  electricity  with  which  they  are  charged  ;  and  let  A',  and  B'  be  the  mean  thicknesses  of  electricity  which  there 
would  be  upon  the  spheres  if  they  were  in  contact.  Mr.  Poisson  then  finds  for  the  thickness  on  the  nearest 
point  of  each  sphere,  an  expression,  of  which  the  first  term  is 

2  (A  B^  -  A^  B) 

(c  -  a  -  Z^)  A ' 
'^  is  a  quantity  which  involves  log  (c  —  a  —  6).  But  since  x  log  x  is  0  when  x  is  0,  it  appears  that  if  the 
numerator  of  the  above  fraction  remain  finite,  the  fraction  increases  indefinitely,  as  c  —  a  —  6  diminishes  3, 
that  is,  as  c  approaches  to  a  +  6,  or  as  the  surfaces  approach  to  contact.  Also  the  pressure  of  the  electric 
stratum  upon  the  air  which  envelopes  and  confines  it  is  as  the  square  of  its  thickness.  Hence,  before  the  spheres 
come  in  contact,  this  pressure  will  overcome  the  resistance  of  the  air  which  separates  them,  and  the  fluid 
will  escape  from  each  to  the  other,  under  the  form  of  a  spark,  or  in  some  other  way. 

ITiis  will  be  the  case,  whatever  be  the  total  quantities  of  electricity,  provided  the  numerator  A  B'  —  A'  B  be 
Kilt  if  A  B'  —  A'  B  =  O,  the  above  term  will  vanish,  and  ^ere  will  be  no  discharge.    That  is^  if 

•     -^  electricity  on  the  spheres  be  in  the  ratio  of  the  char^  which  they  wouU 
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1.  DiitincHon  between  Gahanism  and  Ekctridi^, 

(L)  Galvanism  is  distingTiislied  from  ordinary  Elec- 
ilndty,  not  by  any  difference  m  the  nature  of  the  a^ent 
by  which  its  phenomena  are  produced,  but  merely  by 
Ihe  mode  in  which  its  ^ower  is  developed  and  brought 
into  ictioD,  It  is  an  error  to  consider  it^  as  has  some- 
tliBesbeen  doDe>  ns  a  peculiar  species  or  modification 
of  Electricity :  for  it  has  been  abundantly  p  roved »  as 
win  appear  in  the  aequel,  that  all  the  effects  produced 
bfj  Galvanism,  are  in  fact  derived  from  the  agency  of 
Eleciricity,  elicited  by  particular  arrange- 
(4od  combinations  of  metallic  and  other  »wb- 
and  passing  in  very  considerable  quantities, 
ad  la  a  continued  current,  through  the  bodies  which 
tn  pUced  so  as  to  conduct  it,  and  in  which,  in  conse- 
quence of  this  difference  in  the  circumstances  of  its 
tnosmiasion,  it  produces  peculiar  effects.  All  the 
defiaitions  which  have  been  attempted  to  be  given  of 
Galranism,  implying  a  specific  difference  in  the  priu- 
ciplc  of  its  action  from  that  of  Electricity,  are  conse- 
tjiwiitly  incorrect  and  fallacious. 

(1)    In   the  account  we   have   already  given  of 

Hectricity,   the  facts  which  strictly  belong  to  that 

leieoce,  and  which  w^ere  known  prior  to  the  discovery 

fllGthimbm,  have  been  amply  detailed.     It  has  been 

Aown,  atso,  that  all  these  phenomena,  however  vari- 

005  aad  complicated  they  may  at  first  sight  appear, 

irt  reducible  to  a  small  number  of  general  facts,  the 

ttKmblage    of  which  constitutes  the  theory  of  the 

idciice.    They  are  principally  comprised  in  the  laws  of 

Bkctric  attractions,   repulsions,   and   inductions ;    in 

litt  different  conducting  powers  inherent  in  different 

nbitiDces,  and  the  mode  of  distribution  of  Electricity 

tmrag  the  particles  of  bodies  of  various  forms  and  in 

nnons  reUtive  positions.     From  the  law  of  Electric 

ioduction  we  derive  the  power  of  accumulating  Elec- 

Iridty  in  vast  quantities,  by  means  of  the  Leyden  jar, 

and  Electric    battery,  and  of  obtaining   some  of  its 

awst  energetic  effects.     By  the  violent  action  of  large 

lowiitie*  of  Electricity,  thus  collected  and  suddenly 

tansmitted  through  bodies,  we  have  seen  that  metals 

my  be  fused  and  volatilized,  or  reduced  to  dust,  and 

diipcTBed  in  air ;  that  the  hardest  textures  of  mineral 

^OTgtnised  bodies  may  be  rent  asunder,  and  scattered 

tato  fragments  j   that  vegetable  and  animal  life  may 

W  destroyed  j  in  a  word,  that  by  Electric  instruments 

all  the  effects  of  lightning  may  be  imitated,  and  the 

•illi  of  the  laboratory  be  made  to  echo  to  explosions, 

which  feinlly  mimic  the  awful  crash  and  reverberating 

tliuadcr  of  the    clouds.     Such   appeared   to   be   the 

tttreme   limit    attainable   by   human   means    in   the 

tidding  of  so  subtle^  so  universal  and  so  mighty  a 

fat-  ir. 


power   as  Electricity,*— a  power   which   must    rank     Part  I. 
among  the  highest  of  the  energies  of  nature,  and  \^-^-^y 
which  enters  as  an  essential  element  in  all  the  opera- 
tions of  the  material  universe. 

Our  knowledge  on  the  subject  of  Electricity  had 
long  been  nearly  stationary,  when  a  simple  fact  which 
was  acciden Lilly  presented  to  Galvani,  but  of  which 
thai  philosopher  at  once  perceived  the  importance, 
laid  the  foundation  of  a  new  science,  and  gave  rise  to 
a  series  of  the  most  brilliant  discoveries  which  have 
marked  the  present  age.     Great  as  were  the  effects  of 
the  Electric  battery,  its  power  was  not  susceptible  of 
very   advant-figeous  employment  as  an  instrument  ol^ 
delicate   analysis,  although  it  had  occasionally  been 
available  as  an  agent  for  effecting  combinations,  and 
other    changes    of   composition   among    gases.       Its 
action,  although  sufficiently  energetic,   was  but  mo- 
mentarily exerted  ;   the  power  ceased  the  very  instant 
after  it  was  brought  forth,  and  could  not  be  recalled 
but  by  the  slow  and  laborious  repetition  of  the  pro- 
cess by  which  it  had  been  collected.     The  science  of 
Galvanism  has  put  us  in  possession  of  an  instrument 
of  incomparably  greater  power,  and  capable  of  the 
most  extensive  application  in  various  analytical  re- 
searcheSj  and  in  various  branches  of  physical  science. 
The  same  power,  which  in  the  highly  charged  Electric  Galvaiiie 
battery    is   lavished   and  dissipated   by   a  single  dis-  effects, 
charge,  is  developed  in  great  abundance  in  the  Voltaic 
battery ;  and  far  from  being  rapidly  expended,  con- 
tinues to  be  ponred  forth  in  profusion  for  an  indelinite 
time,  and  may  be  directed  at  pleasure  so  as  to  produce 
different  changes  of  composition,  and  other  affectiona 
of  bodies  subjected  to  its  action.     The  V6ltaic  appa- 
ratus, in  its  most  active  state,  may  be  regarded  as  a 
vast  magazine  of  Electricity,  capable  of  furnishing  a 
continued   supply   for    a    very   long  period,   at   the 
demand   of    the    experimentalist,   and    placing    this 
mighty  agent  entirely  under  his  eontroul.    This  instru- 
ment has   opened  a  new  field  to  the  cultivators  of 
science,  and  a  rich  harvest  of  discoveries  has  already 
rewarded  their  exertions. 

(3.)  Although  no  doubt  can  be  entertained  of  the 
identity  of  the  powers  which  are  derived  from  the 
Voltaic  and  Electric  batteries,  yet  it  does  not  appear 
that  the  phenomena  of  Galvanism  ivere  capable  of 
being  deduced  from  the  previously  known  laws  of 
Electricity  i  of  which  laws  we  have  already  traced  the 
more  important  combinations  and  consequences  ,  and 
of  which  we  have  furnished  the  mathematical  formnlfls 
by  which  even  their  most  complicated  results  may  be 
calculated.  Thus  it  would  not  have  been  possible, 
from  the  consideration  of  the  laws  of  Electric  equili- 
brium, to  have  foreseen  that  any  disturbance  of  the 
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Gilfimam.  equillbrmm  would  have  resulted  from  those  arrange- 
s^^-.^^r'^m^  ments  of  certain  bodies  which  constitute  the  different 
forms  of  the  Galvanic  circle.  It  must  be  confessed, 
indeed,  that  the  theory  of  Eiectricity,  in  every  thing 
that  relates  to  the  sources  of  its  original  excitation, 
SotiiTeaofis  still  exceedingly  deficient.  In  the  seventh  Chapter 
Electricity,  of  our  Treatise  on  Elbctricitv,  (p.  U9,)  the  several 
processes  by  which  Electrical  properties  are  developed 
arc  ditjctissed,  and  are  arninged  under  seven  different 
heads  :  naniely,  friction  of  various  kinds  ;  processes 
connected  with  the  exercise  of  the  functions  of  animal 
life  J  changes  of  temperature  ;  meteorological  changes 
occurring  in  the  atmosphere  ;  evolution  of  gaseous 
matter,  or  its  condensation  into  a  litjiiid  or  a  solid  j 
the  separation  of  the  imftleles  of  a  **ol!d  body  united 
by  cohesion  j  and  pressure  applied  to  crystalline 
bodies  in  partiealar  direct  inns.  But  these  are  not  all 
the  sources  of  Electricity.  It  was  then  stated  that 
the  consideration  of  theElectrScity  which  Is  developed 
by  the  mere  contact  of  metals  was  pirrposdy  omitted, 
hemg  reserved  for  that  branch  of  the  subject  which 
we  are  now  inTestigatmg.  But  there  is  also  another 
ftource  of  the  developement  of  Electricity,  intimately 
connected  with  all  the  phenomena  of  Galvanism, 
namely,  the  chemical  action  of  bodies  on  each  other. 
It  is  indeed  probable^  as  was  remarked  in  the  section 
relating  to  the  developement  of  Electricity  during 
evaporation^  that  no  chemical  change  can  take  place 
among  the  elementary  molecules  of  bodies^  without 
the  production  of  some  corresponding  change  in  the 
Electric  conditron  of  those  bodies,  although  such 
change  may  often  not  admit  of  being  detected  or 
And  of  appreciated.  On  these  two  circumstances  ;  namely, 
Gilmnism.  the  disti:rbanee  of  Electric  equilibrium  by  the  contact 
of  dissimilar  metals,  and  the  evolution  of  Electricity 
by  chemical  action,  are  the  whole  of  the  phenomena 
erf  Galvanism  dependent.  But  as  the  theory  by  which 
these  phenomena  are  connected  and  generalized,  can- 
not be  understood  until  the  facts  themselves  have 
been  studied,  our  first  bnsiness  must  be  to  give  an 
account  of  these  facts,  arranging  them,  for  the  pake  of 
convenience,  under  their  appropriate  heads.  We  shall 
then  be  prepared  to  inquire  into  the  theoretictil  rea- 
sonings to  which  they  have  given  rise,  and  the  different 
hypotheses  which  have  been  devised  for  their  explana- 
tion. We  shall  conclude  by  presenting  a  brief  sketch 
of  the  history  of  the  science,  in  which  the  principal 
discoveries  will  be  reviewed  in  the  order  in  which 
they  were  successively  made  by  their  respective 
authors :  for  we  conceive  that  much  greater  interest 
will  attach  to  such  a  review,  as  well  as  more  instwction 
be  derived  from  it,  when  the  reader  has  already  been 
mmie  familiar  with  the  subject,  and  is  therefore  capa- 
ble of  appreciating  the  relative  importance  of  the 
facts  it  cmbnices,  and  of  assigning  to  each  discoverer 
the  merit  that  is  due  to  bim. 

It.  Eiementi  of  Oalimnk  ccmlmaliom* 

(4.)  Our  attention  is  first  to  be  directed  to  tht  gene- 
ral outline  of  the  principal  phenomena  of  Galvanism, 
as  they  are  most  usually  presented  to  our  observation. 
We  shall  begin  by  studying  these  phenomena  in  their 
simplest,  state,  or  greatest  degree  of  generalisation. 
We  shall  thus  arrive  most  rea<lily  at  the  knowledge  of 
what  are  the  circumstances  belonging  to  the  Galvanic 
arrangements  of  bodies  which  are  essential  to  the 
production  of  those  particular  effects.    For  this  pur- 


pose wc  shall  select  such  combinations  developing 
Galvanic  Electricity,  as  are  the  simplest  possible. 
The  elements  of  all  Galvanic  combmaiions  are  neces  * 
sarily  three  in  number,  and  it  is  essential  to  their 
action  that  they  be  arranged  so  as  to  compose  a  circle. 
Of  these  three  elements  one  at  least  must  be  a  fiuid, 
and  another  must  be  a  solid  body;  the  third  may  be 
either  a  solid  or  a  fluid,  according  to  circumstances  3 
hut  we  shall,  for  the  present,  consider  only  the  case  in 
which  the  circle  is  constituted  by  two  solids,  and  one 
fluid  body.  It  is  essential  that  the  two  solid  parts  be 
conductors  of  Electricity  in  a  very  eminent  degree, 
and  that  they  shall  consist  of  difl^erent  kinds  of  sub- 
stance i  and  that  the  fluid  part  of  the  circle  be  capable 
of  exerting  a  chemical  action  upon  one  of  these  solids. 
Thus,  if  a  plate  of  zinc  be  in  contact  with  a  plate  of 
copper  at  one  of  their  extremities,  and  if  in  this  state 
they  be  both  immersed  in  a  diluted  acid,  so  that  the 
zinc,  the  acid,  and  the  copper  all  touch  one  another, 
a  Galvanic  circle  is  constituted,  and  the  following 
Electric  movements  will  take  place.  There  will  be  & 
current  of  vitreous,  or  positive  Electricity,  passing 
from  the  zinc  to  the  acid  ;  from  the  acid  to  the  copper  j 
and  from  the  copper  to  the  xinc  :  while,  on  the  other 
hand,  a  current  of  resinous  or  negative  Electricity  will 
circulate  in  the  opposite  direction  j  that  is  to  say,  wiU 
pass  from  the  zinc  to  the  copper  j  from  thence  to  the 
acid  ;  and  from  the  acid  to  the  zinc  j  and  so  on  in  a 
Continued  stream.  The  arrangement  here  described 
is  represented  in  fig.  1,  where  Z  and  C  are  sections 
of  the  zinc  and  copper  plates,  which  are  in  contact  at 
their  upper  edges,  and  of  which  the  lower  ends  are 
immersed  in  the  diluted  acid,  A ;  the  direction  of  the 
positive  Electric  current  above  and  below,  being  indi- 
cated by  the  position  of  the  arrows. 

(5,)  If,  while  the  two  metals  are  immersed  in  tile 
acid,  Ihey  be  removed  from  each  other,  as  represented 
in  fig.  5,  so  as  to  be  no  longer  in  immediate  confact  i 
and  a  communiaition  be  established  between  them  by 
means  of  a  metallic  wire,  W  X,  bent  so  as  to  form  a 
considerable  arch,  and  touching  each  of  the  metals 
respectively  at  p  and  n,  a  Galvanic  circle  will,  in  like 
manner,  be  formed  ;  the  circuit  of  opposite  Elcctrici* 
ties  taking  place,  as  before,  from  one  plate  of  metal  to 
the  other  J  through  the  fluid,  on  the  one  hand  ;  and 
through  the  connecting  wirt*,  on  the  other.  The 
direction  of  the  stream  of  positive  Electricity  ts  Chat 
denoted  by  the  arrows  ;  namely,  in  the  fluid,  from  the 
zinc  towards  the  copper;  and  in  the  wire,  from  the 
copper  to  the  zinc.  The  current  of  negative  Electri- 
city must,  of  course,  be  understood  to  flow  in  a 
direction  exactly  the  reverse.  The  most  convenient 
mode  of  interrupting  or  renewing  at  pleasure  the 
Galvanic  circuit  is  to  have,  in  place  of  a  single  wife 
extending  from  one  metal  to  the  other,  two  separate 
wires,  W,  X  ;  one  affixed  to  each  of  the  metals,  at  one 
end,  while  by  their  other  ends  w,  x,  they  may  be  made 
to  touch  or  to  separate  from  one  another. 

(6.)  The  intensity  of  the  Electricity  elicited  by  such 
an  arrangement,  will  be  increased  by  a  repetition  of 
the  same  combination  in  regular  succession.  The 
apparatus  will  then  have  the  form  represented  in  the 
section  fig.  4  j  in  which  the  zinc  and  copper  plates, 
denoted  as  before  by  the  letters  Z  and  C,  are  com- 
bined in  pairs,  being  connected  at  their  upper  edges 
by  slips  of  metal  passing  from  the  one  to  the  other. 
They  are  immeraed  into  a  corresponding  number  of 
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Mpnte  Tessek,  containing  the  diluted  acid ;  so  that 
the  two  plates  belonging  to  each  pair  shall  be  con- 
Mned  in  two  different,  but  adjoining  vessels  of  the 
waies  ;  and  care  being  taken  that  the  game  order  of 
alternation  of  the  metals  be  observed.  Each  vessel 
win  thus  contain  one  plate  of  zinc  and  one  plate  of 
copper,  which,  as  they  belong  to  different  pairs,  are 
Dot  connected,  and  which  must  not  come  into  contact 
with  one  another.  To  an  arrangement  of  this  kind,  in 
which  V'olta  employed  a  circular  series  of  cups  to  con- 
tuit  tbe  fluid,  he  ^ve  the  name  of  Couronne  de  tas&es. 

In   cyrder  to  olitain  a  similar  apparatus  in   a  more 
OOfDpendious  form,  the  plates  are  brought  nearer  to 
esrh  other  by  employing  troughs  of  mahogany,  di- 
vided into   cells  by  glass  partitions,  or  what  ia  still 
fluore  convenient,  troughs   made  of  Wedgwood  ware, 
with  the  partitions  of  the  same  material.     The  plates 
of  zinc  and  copper  are  soldered  together  in  one  point 
miff  and  each  pair  of  plates  is  arranged  so  as  to  en- 
dose  a  partition  between  them  ;  there  is  consequently 
in  esich  cell  a  copper  plate  connected  with  tlie  zinc  of 
an    adjoining  cell,  aad  so  on  in  regular   succession. 
The  troughs   usually   contain   ten  or  twelve  pair?^   of 
plates^  and  these  are  connected  together  by  a  slip  of 
takcd  wood,  so  that  they  may  be  lifted  out  of  the  cells 
together,  see  fig.  7«     One  advantage  of  this  construe- 
tioii  iSt  that  tbe  fluid  may  remain  in  the  trough,  while 
flie  action  is  suspended  by  lifting  the  plates  from  the 
oelU ;  and   another  is,  that  the  plates  are  easily  re- 
plaeed  when  worn  or  injured.     It  has  been  ascertained 
by  Dr  Wollaston,  that  the  power  of  a  battery  upon 
thi^  construction  is  increased  at   least  one  half,   by 
add  tag  another  copper  plate   to  each  member  of  the 
series  j  so  that  every  cell  will  contain  one  zinc  and  two 
cofjper  plates,  and  each  surface  of  zinc  ia  opposed  to 
a  svrrfkee  erf  copper  :  for,  in   the  usual   arrangement, 
alAough  both  sides  of  the  zinc  are  oxidated,  that  side 
only  is  eflScient  which  has  a  copper  sur^ce  opposed 
to  iV* 

(T-)  It  will  necessarily  follow  from  the  arrangements 
B^^R'  describeij,  that  except  in  the  case  in  whichj  as  in 
tbe  couronne  dt  laj^et,  the  vessels  are  placetl  in  a  circle, 
M»  aa  to  form  a  recurring  series,  having  properly 
neither  beginning  nor  end,  the  plates  at  the  two  ex- 
tremiti^  of  the  series  will  not  be  received  in  any  of 
the  vessels,  and  therefore  will  not  be  in  contact  with 
any  fluid  ;  and  as  they  will  also,  in  this  cafie,  be  at  a  dis- 
tance from  one  another,  it  will  be  necessary  to  employ 
'Wires,  or  other  metallic  media  of  communication  be- 
tiveen  them,  in  order  to  establish  the  Galvanic  circuit. 
The  directions  of  the  currents  of  Electricity  will  here 
be  the  same  as  in  the  case  of  the  simple  arrangement 
of  fig.  ^,  and  are  pointed  out  by  the  position  of  the 
arrows  in  the  figure. 

(8,)  Another  form  of  constriiction  for  the  Voltaic 
battery  is  the  one  invented  by  Mr.  Cruickshanks,  re- 
presented in  fig.  6,  in  which  Z,  C,  Z,  C,  &c.  represent 
sections  of  pairs  of  plates  of  zinc  and  copper,  soldered 
together  at  their  adjacent  surfaces,  arranged  so  that  all 
the  zinc  plates  shall  be  on  the  same  side,  and  a!l  the 
copper  plates  on  the  other,  and  fixed  to  the  sides  of  a 
trough  of  baked  wood,  which  is  a  non-conductor  of 
Electricity,  wilh  intervals  between  them,  such  as  that 
by  means   of  the  sides  of  the  trough  cells  muy   be 

•  Anmak  of  Phtlosophyt  vi»  2&9  ;  and  Phihtophical  TTammctiotu 
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formed  between  each  pair  of  plates,  capable  of  contain*     Part  L 
ing  a  fluid.     When  these  cells  are  filled  with  acid,  and  *•— ■►-v^-^^ 
a  tooimunication  between  the  two  extremities  of  the 
battery  is  made,  by  bringing  the  ends  of  the  wires, 
W,  X,  in  contact  with  one  another,  the  Galvanic  circle 
is  completed,  and  tbe  usual  currents  are  established. 

(9»)  What  has  been  termed  the  Voltaic  pile,  from  Pile  of 
the  name  of  its  discoverer,  Volta,  is  an  arrangement  of  Volt*, 
precisely  the  same  kind  as  the  former*  the  series  being 
arranged  vertically  instead  of  horizontally  ;  the  metal^ 
lie  part  being  composed  of  circular  discs  of  zinc  and 
copper  arranged  in  pairs  j  and  the  fluid  portion  of  the 
series  consisting  of  pieces  of  some  substance  of  spongy 
texture,  such  as  card  or  linen,  moistened  with  the 
liquid  to  be  employed*  which  we  hai^e  here  supposed 
to  be  diluted  acid.  The  column  thus  constituted,  and 
which  is  represented  in  fig.  5,  either  sustains  itself  by  FIj,  5, 
its  own  weight,  or  may  be  supported  by  a  frame  of 
glass  rods,  fixed  vertically  around  it.  The  circuit  will 
now  require  to  be  completed  by  forming  a  comnmni- 
cation  between  the  upper  and  lower  plate  by  any  con- 
ducting medium,  such  as  the  wire  W, 

(10.)  It  will  he  evident,  upon  a  little  consideration, 
that  however  the  two  modes  of  arrangement  which  we 
have  last  described,  namely  those  exhibited  in  fig.  5 
and  6,  may  appear  to  differ  from  the  preceding  one, 
represented  by  fig  4,  they  are,  in  fact,  all  essentially  the 
same.  The  principal  difference  between  them,  and  it 
is  a  difference  merely  of  form,  consists  in  the  con- 
nection between  the  copper,  which  is  in  contact 
with  the  ffuid  of  one  cell  or  vessel,  with  the  zinc 
which  is  in  contact  with  the  fluid  in  the  next  cell  or 
vessel,  being  made  in  the  one  case  by  means  of  a  blip 
of  metal  extending  from  the  one  to  the  other  j  while 
in  the  other  case  it  is  affected  by  the  actual  junction 
of  the  two  plates  by  the  whole  of  iheir  adjacent 
surfaces. 

As  we  are  at  present  occupied  only  with  gene- 
ral views  of  the  subject,  we  refrain  from  entering 
into  any  details  concerning  the  particular  construction 
of  the  various  kinds  of  apparatus  formed  upon  tbe 
preceding  models,  or  concerning  the  relative  advan- 
tages of  each  for  particular  purposes  of  inijuiry.  The 
subject  will  be  resumed  in  the  sequel*  when  tbe  objects 
of  the  construction,  and  the  reasons  for  which  they  have 
been  adopted,  can  be  better  appreciated.  It  %vrll  be  suf- 
ficient for  our  present  purpose  to  observe,  that  ia  order 
to  obtain  the  effects  which  we  are  about  to  describe, 
it  is  rcc|uisite  that  a  sufficiently  large  surface  of  the 
metals  be  exposed  to  the  action  of  the  fluid,  and  that 
the  oxidation  of  the  zinc  sliould  proceed  rapidly  ;  it  is 
also  necessary  for  the  exhibition  of  many  of  these 
effects^  that  the  alternations  of  the  series  of  the  metals 
and  fluids  should  be  numerous. 

(11.)    There  is  one  circumstance    of  conai<Ierable  Denomina- 
importance,  that  deserves  attention  in    studying  the  ^^^^^j^^f^*^ 
properties  of  these  Galvanic  instruments.     It  may  be  gjjj^^pf^ 
observed,  thut  every  Voltaic  battery,  or  combination  batteries. 
calculated  to  produce  Galvanic  Electricity,  is  referable 
either  to  the  class  of  the  simple,  or  of  the  composite 
battery*   The  first  consists  of  a  single  ternary  arrange- 
ment of  the  elements  of  the  battery,  as  we  have  de- 
Bcribed    §.  4    and  5,   and  illustrated   by  tig.  1   and  2. 
Each  end   of  the   communicating  wire,  by   which,  in 
the  second  of  these  cases,  the  circuit  is  completed,  has 
a  direct  metallic  communication  with  the  whole  of  the 
metallic  surface  acted  upon  by  the  fluid,  on  its  respec- 
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In  all  these  instances  no  ambiguity  can 
arise  as  to  the  denomination  of  the  two  sides  of 
the  battery,  with  reference  to  the  metals  which  arc 
situated  on  those  sides.  The  end  of  the  wire  in 
communication  with  the  zinc  must  be  designated 
the  'zinc  side  of  the  battery  j  and,  in  like  manner,  the 
end  of  the  wire  adjoining  to  the  copper  will  be  the 
copper  side.  As  in  this  form  of  the  battery  the 
stream  of  positive  or  vitreous  Electricity  is  found  to 
issue  from  the  copper  side,  and  to  be  received  by  the 
zinc  side  of  the  battery,  through  the  medium  of  the 
Tvire  ^  while  the  reverse  is  to  be  understooil  as  the 
course  of  the  negative  or  resinous  Eiectricityj  so  the 
copper  side  must  be  designated  as  the  positive  end  or 
pole  of  the  battery,  and  the  zinc  side  as  the  negative 
end  or  pole. 

(1^.)  A  battery  on  a  large  scale,  constructed  upon 
this  model,  that  is,  consisting  essentially  of  only  one 
sheet  of  zinc,  and  one  of  copper,  formed  into  coils, 
is  often  denominated  a  Calorimofor ;  a  name  given  to 
it,  for  reasons  which  will  hereafter  be  explained,  by 
Br.  Hare  of  Philadelphia,  who  constructed  a  very 
powerful  instrument  of  this  kind.  The  zinc  sheets 
were  about  nine  inches  by  six,  the  copper  fourteen  by 
six  J  more  of  the  latter  metal  being  necessary,  as  in 
every  coil  it  was  made  to  commence  within  the  zinc, 
and  completely  to  surround  it  without.  The  sheets 
were  coiled  so  as  not  to  leave  between  tbem  an  inter- 
stice wider  than  a  quarter  of  an  inch.  Each  coil  was 
about  two  inches  and  a  half  in  diameter  j  their  num- 
ber amounted  to  eighty ;  and  by  means  of  a  lever, 
they  were  made  all  to  descend  together  into  eighty 
glass  jars,  two  inches  and  three  quarters  diameter  in- 
side, and  eight  inches  high,  properly  placed  to  receive 
them.*  Fig,  8  shows  the  horizontal  section  of  one  of 
these  coils. 

(13.)  The  apparatus  belonging  to  the  London  Insti- 
tution, and  which  was  constructed  under  the  direction 
of  Mn  Pepys,  belongs  also  to  this  class.  It  consists 
of  only  two  plates,  the  one  of  copper,  and  the  other 
of  zinc,  coiled  round  a  cylinder  of  wood,  with  ropes 
of  horse  hair  interspersed  between  them,  in  order  to 
prevent  their  being  in  contact  with  one  another. 
Each  plate  is  fifty  feet  in  length,  and  two  feet  in 
width,  making  a  total  surface  of  400  square  feet. 
When  its  action  is  required,  the  whole  coil  is  im- 
mersed in  a  tub  containing  acid,t 

(14.)  The  more  usual  forms  of  Voltaic  batteries 
are  thuse  which  belong  to  the  second,  or  composite 
class,  and  consist  of  a  certain  number  of  alternations  of 
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the  ternary  series  of  elements.    Of  these  we  have  seen     ^ 
examples   in  the  Voltaic  pile,  fig.  5  j  in  the  trough  ^"^ 
battery,  Iig.  g  j  and  in  the  common  plate  battery,  fig, 
7*     The  battery  of  the  Royal  Institution,  which  con-  Of 
sists  of  200  separate  parts,  each  part  composed  of  tea  ^°» 
double  plates,  and  each  plate  containing  thirty-two 
square  inches,  may  be  taken  as  an  example  of  a  very 
powerful  instrument  constructed  upon  this  last  model- 
The  whole  number  of  the  double  plates  is  2000,  and 
the  whole  surface  1^8,000  square  inches, 

(15.)  It  will  be  recollected,  that  in  all  these  instances  ft>i 
the  metallic  plates,  which  terminate  the  series  at  either  *^^ 
end,  are  not  in  contact  with  any  portion  of  the  fluid  '*^ 
in  the   battery  j  but  are,  on  the  contrary^  in  contact  ^^ 
with  a  metallic  plate  of  a  (Uflfereiit  kind.     Now  the 
currents  of  Electricity  in  each   fluid  portion  of  the 
apparatus,  pass  between  the  surfaces  of  the  metals  that 
are  separated  by  that  fluid,  in  the  same  directions  as 
in  the  single  combination  formerly  described  ^  that  is, 
the  positive  Electricity  Bows  from  the  zinc,  through 
the  fluid,  to  the  copper.     But  the  last  copper  plate  has 
a  plate  of  zinc  attached  to  it,  which  is  the  last  plate  in 
the  series  on  that  side.    The  positive  Electricity  re- 
ceived from   the  Ijuid  by  the  copper,  will  be   trans- 
ferred to  the  zinc  plate,  and  by  the  zinc  to  the  com- 
municating wire  on  that  side.     It  follows^  therefore, 
as  a  necessary  consequence,  that  the  zinc   end  is  the 
positive   pole  of  the   battery.     The   same    mode    of 
reasoning  applied  to  the  opposite  current  of  negative 
Electricity,  which  flows  from  the  copper,  through    he 
fluids  to  the  zinc,  and  thence  to  the  terminal  plate  of 
copper,  and  the  wire^  which   is  continuous  with   it, 
will  show  thai  this  copper  end  will  be  the  negative 
pole  of  the  battery.     It  will  be  perceived,  that  this 
is  just  the  reverse  of  what  takes  place  in  the  simple 
battery,  or  calorimotor,  in  which  it  is  the   copper  end 
that  is  positive,  and  the  zinc  end  that  is  negative.     In- 
attention to  this  circumstance  has  often  been  produe^H 
live  of  much  ambiguity  in  describing  experiments,  anj^f 
in  reasoning  upon  their  results.     The  accurate  distinc- 
tion between  the  positive  and   negative  poles  of  the 
battery  is  more  especially  to  be  ke^t  in  view  in  expe«M 
riments  on  Electro -Magnetism,  where  the  direction  ol| 
the  tangential  Magnetic  force  depends  altogether  upon 
the  direction  of  the  Electric  currents  in  the  communi- 
cating wire. 

The  account  which  has  now  been  given   of 
nature  and  different   modes   of  arrangement   of 
component  parts  of  Galvanic  circles,  and  of  the  direc 
tion  of  the  Electric  currents,  of  which  they  occasion 
the  rapid  circulation,  will  be  sufficient  to  prepare  us 
for  the  consideration  of  the  eff^eets  tliey  produce  on 
various  bodies  exposed  to  their  action. 


uni- 

i 


^  *  (16.)  We  purpose  treating  of  the  effects  produced 
^by  Galvanism  under  the  following  heads:  namely, 
UU  the  ordinary  and  purely  Electrical  effects  of  attrac- 
tion, repulsion,  aud  induction  ;  ^dly,  those  attended 
with  evolution  of  light  and  heat  j  3dly,  Electro- 
Mmgnelic  effects  ;  4thly,  chemical  changes  of  conipo- 
aJdoQ ;  and  5thly,  physiological  effects, 

CHAPTER  I. 

Effects  pureltf  EkdricaL 

«^  (17.)  The  Electricity  acquired  by  any  conducting 
!?  sab«Unc€  in  a  state  of  insulation,  by  previous  contact 
^*  with  the  prime  conductor,  or  the  rubber  of  the  conimon 
Electrical  machine,  exists  in  that  body  in  a  very  dif- 
fereni  state  from  the  Electricity  which  is  evolved  by 
the  (iiferent  parts  of  the  Voltaic  battery.  The  for- 
mer manifests  its  presence  by  various  positive  ami 
•tnkfng  indications.  A  conductor  so  charged  will 
aitract  light  bodies  in  its  neighbourhood,  and  after 
ifflptniDg  to  them,  by  contact,  a  portion  of  its  Electii- 
city.wiil.  in  the  next  place,  repel  them  to  a  distance. 
The  divergence  of  the  electrometer  points  out  the  de- 
gree of  intensity  of  the  Electricity  under  these  circum- 
lOttces,  and  indicates  its  high  state  of  elasticity  and 
mobility,  or  tendency  to  diffuse  itself  to  the  surround- 
ing bodies  capable  of  receiving  it.  On  the  other 
hand,  the  indications  of  the  presence  of  Electricity  at 
tkft  extremities,  or  in  any  part  of  the  Voltaic  battery, 
Win  when  the  circuit  is  interrupted^  by  the  separation 
of  the  wijes  which  form  the  connection  between 
tteti*  are  comparatively  feeble ;  although  the  quan- 
^•y  of  Electricity  which  is  really  developed,  may  be 
tieeedingly  great.  But  when  the  circuit  is  completed, 
»wi  while  the  whole  of  this  Electricity  is  in  rapid  cir- 
*^ion,  the  electrometer  gives  no  indication  of  its 
Pwtnce. 
10  Tlf  attraction  of  un  elect  rifled,  or  of  dissimilarly 
■"•«i«trified  bodiess,  and  the  repulsion  of  similarly  elec- 
^  tnfai  bodies,  are  among  the  most  unequivocal  and 
decisive  te^ts  of  the  agency  of  Electricity.  But  from 
^«Ji§le  combination  of  plates,  such  as  that  of  the 
Cilorimotor,  no  effect  of  this  kind  can  be  obtained, 
'"'less  electroscopes  of  very  extraordinary  sensibility 
«^  employed.  With  electrometers  of  the  usual  con- 
>^ctioD,  no  sensible  Electricity  can  be  discovered  to 
jxist,  either  in  the  zinc  or  copper  plate  when  separated 
»>yin  acid  solution,  whatever  eittent  be  given  to  their 
wrfaces  in  contact  with  the  acid.  When  a  few  aller- 
Batiouf  of  plates  and  interposed  fluid  are  employed, 
«lber  in  the  V'oltaic  pile  or  battery,  Electrical  appear- 
ances may  be  detected  by  means  of  the  condenser  ;  and 
the  opposite  extremities  are  found  to  be  in  different 
*<»t*s  of  Electricity.  With  a  series  of  fifty  gronps, 
A  delicate  gohl-kaf  electrometer  will  be  affectedj  with- 


out the  aid  of  the  condenser.  With  one  hundred  Part  11-. 
pairs,  the  divergence  of  the  gold  leaves  is  sufficiently  ''^-■"v^ 
distinct  j  and  with  a  series  of  one  thousand  groups, 
even  pith  balls  are  made  to  diverge.  In  these  expe- 
riments, a  wire  proceeding  from  one  extremity  of  the 
battery,  is  to  be  connected  with  the  foot  of  the  elec- 
trometer, whilst  a  wire  proceeding  from  the  opposite 
extremity  is  brought  to  touch  its  cap.  The  Electricity 
of  the. zinc  side  is  always  positive,  that  of  the  copper 
side  always  negative.*  The  ends  of  the  wires  which 
communicate  with  the  two  poles,  being  in  opposite 
Electrical  states,  will  be  found,  when  they  are  brought 
together,  to  attract  one  another.f 

By  means  of  a  condensing  electroscope  of  extreme 
sensibility,  invented  by  M.  Bohnenberger,  and  since 
adapted  to  this  particular  object  by  M.  Becquerel,  the 
latter  has  ascertained »  that  even  in  a  single  pair  of 
plates  of  zinc  and  copper,  not  in  contact  with  each 
other,  but  only  immersed  in  an  oxidating  fluid,  the 
zinc  plate  gives  indications  of  negative  ElectncitVrand 
the  copper  of  positive  Electricity  ;  a  result  whicli, 
although  apparently  contrary  to  that  which  obtains  in 
the  composite  battery,  is  yet  perfectly  ac  con  Ian  t  with  the 
same  species  of  Electric  currents  in  the  fluid  in  both 
cases,  and  is  indeed,  as  has  been  already  explained,  the 
necessary  consequence  of  the  peculiar  arrangement  of 
the  plates.J  The  nature  of  the  Electricity  of  the  ends 
of  the  composite  battery  was  first  ascertained  by 
Messrs.  Nicholson  and  Carlisle,  with  the  instrnment 
called  the  Revolving  Doubles  § 

(IS.)  Induction  is  one  .of  the  characteristic  effects  Imiuctlon 
of  Electricity,  as  well  as  attraction  and  repulsion  ;  and  from  Gtti 
the  most  remarkable  of  the  results  of  induction  is  vaaiam. 
seen  in  the  capacity  of  accumulation  which  the  Leydcn 
jar  and  Electric  battery  possess.  Now  the  Electricity 
derived  from  Galvanism.,  is  equally  capable  of  being 
accumulated  in  those  instruments,  as  the  Electricity 
obtained  in  the  common  Electrical  machine.  If  wires 
proceeding  from  each  extremity  of  the  Voltaic  bat- 
tery, be  respectively  connected  with  the  inner  and 
outer  surfaces  of  an  Electrical  battery,  of  not  less  than 
twelve  square  feet  of  coated  surface,  the  latter  will  be 
instantly  charged,  and  all  the  usual  Electrical  experi- 
ments may  be  performed  with  it  in  this  state,  when 
removed  from  the  Voltaic  battery.  If  the  discharge 
be  made,  and  the  same  communications  be  renewed, 
it  will  again  immediately  receive  a  similar  charge  of 
Electricity  ;  and  the  same  will  hajtpcn  after  an  indefi- 
nite number  of  discharges.  If,  instead  of  removing 
the  Electrical  battery,  its  connection  with  the  Voltaic 
battery  be  still  continued,  sparks  may  be  obtained 
from  it  in  rapid  succession,  by  connecting  a  wire  with 

*  Singer'i  Eiements  nf  Eifctricii^  tmd  MiectrQ-CAfmiitfyt  329, 
t  Biot,  Traii^  He  PhyMyue,  iL  51  L 
I  Annaki  dt  Chimir^  xav.  405, 
§  Nicholftoa'i  Jwrnni,  4tO|  ir.  174* 
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GalTanism,  the  outer  coatingi  and  repeatedly  striking  the  knob 
^•^pv^  with  the  other  end  of  the  wire.  These  sparks  are  so 
strong  when  the  charge  is  communicated  by  a  series 
of  three  or  four  hundred  alternations,  that  the  end  of 
wire,  if  it  be  of  iron,  is  made  to  scintillate,  or  throw 
off  abundance  of  its  own  piirlicles  in  a  state  of  intense 
combu.'^tion.  With  a  series  of  one  thousand,  the 
sparks  are  attended  by  a  distinct  crackling  norse,  and 
have  sufficient  power  Jo  burn  thin  metallic  leaves. 
This  is  the  more  remarkable,  as  the  Voltaic  battery, 
from  which  the  Electric  baUery  has  derived  its  power, 
may  itself  be  too  weak  to  produce  this  effect,*  It 
always  happens,  indeed,  that  a  single  jar  is  charged  by 
contact  %vith  a  Voltaic  apparatus,  in  which  the  fluid 
consists  merely  of  water,  to  a  degree  of  intensity 
rather  greater  than  that  of  the  apparatus  itself;  and 
it  will  consequently  affect  an  electrometer  somewhat 
more  distinctly.  In  all  cases  the  full  charge  is  com- 
municated by  the  shortest  possible  contact  with  the 
Voltaic  battery.  In  the  experiments  made  by  Van 
Marum  and  Pfaff,  a  battery  having  137^  square  feet  of 
coated  surface  was  charged  to  the  same  degree  of  ten- 
sion, as  the  pile  with  which  it  was  made  to  communi- 
cate, by  a  contact  which  did  not  last  for  the  twentieth 
part  of  a  second,  t 

CHAPrER  a 
Bvi^lutiofi  of  Light  and  Heat  by  GnlwrnUm, 


Spark, 


1*  Lummous  appearances* 


(19.)  The  transit  of  any  conaklerable  quantity  of 
Electricity  through  the  air  is,  as  we  have  seen  in  the 
Trealisc  on  Electricity,  always  attended  with  the  evolu- 
tion of  light }  and,  generally,  in  the  form  of  a  spark  or 
luminous  train.  A  similar  appearance  is  observed 
during  the  transit  of  Galvanic  Electricity,  if  the  in- 
tensity be  sufficient  for  that  purpose*  It  is  very  readily 
obtained  in  a  Voltaic  battery  composedof  a  considera- 
ble number  of  alternations  of  plates,  when  the  com- 
munication between  the  two  extremities  is  made  by 
metallic  wires.  At  the  moment  of  contact  a  distinct 
spark  is  perceived,  which  occurs  every  time  the  con- 
tact is  alternately  broken  and  renewe<l.  But  the 
most  striking  effect  of  this  kind  is  produced  by  placing 
pieces  of  charcoal,  shaped  like  a  pencil,  at  the  two 
ends  of  the  wires  in  the  interrupted  circuit,  and  bring- 
ing their  points  into  contact.  The  appearances,  when 
the  experiment  was  tried  with  the  powerful  battery  of 
the  Royal  Institution  already  noticed,  were  singularly 
beautiful.  When  the  pieces  of  charcoal  were  brought 
within  the  thirtieth  or  fortieth  part  of  an  inch  of  each 
other,  a  bright  spark  was  produced ;  and  at  the  same 
time  more  than  half  the  volume  of  the  charcoal, 
"Which  was  about  an  inch  long,  and  one-siitth  of  an 
inch  in  diameter,  became  ignited  to  whiteness*  By 
withdrawing  the  points  from  each  other,  a  constant 
discharge  took  place  through  the  heated  air,  in  a 
space  equal  at  least  to  four  inches,  producing  a  most 
Arch  of  brilliant  arch  of  light,  of  considerable  breaiith,  and  in 
light.  the  form  of  a  double  cone.     This  phenomenon  is  re- 

Fig.  3.  presented  in  fig,  3,  in  which  W,  X  are  the  conducting 
wires  communicating  with  the  ends  of  the  battery  ; 
C,  C  the  pieces  of  charcoal ;  and  A  the  luminous  arch 
of  Electrical  light,  making  the  transit  of  the  Electricity 
through  the  air.     When  any  substance  was  introduced 


•  Singer,  p.  33  L 
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into  this  arch,  it  instantly  became  ignited  ;  platina  l| 
melteil  as  readily  in  it  as  wax  in  the  flame  of  a  com-  ^-^ 
mon  candle  ;  quartz,  the  sapphire,  magnesia,  lime,  all 
entered  into  fusion  ;  fragments  of  diamond,  and  points 
of  charcoal  and  plumbago,  rapidly  disappeared,  and 
seemed  to  evaporate  in  it,  even  when  the  connection 
was  made  in  a  receiver  exhausted  by  the  air  pump  i 
but  there  was  no  evidence  of  their  having  previously 
undergone  fusion.  When  the  communication  between 
the  points  positively  and  negatively  electrified  was 
made  in  air,  rarified  in  the  receiver  of  an  air  pump, 
the  distance  at  which  the  discharge  took  place  in- 
creased as  the  exhaustion  proceeded  j  and  when  the 
air  in  the  vessel  supported  only  one  quarter  of  an  inch 
of  mercury  in  the  barometrical  gage  of  the  air  pump, 
the  sparks  passed  through  a  space  of  nearly  half  art 
inch  i  and  by  withdrawing  the  points  from  each 
other,  the  discharge  was  made  through  six  or  seren 
inches,  producing  a  most  brilliant  coruscation  of  pur- 
ple light,  while  the  charcoal  itself  became  intensely 
ignited,  and  some  jdatiua  wire  attached  to  it  fused 
with  bright  sclntillationsi  and  fell  down  in  larg^ 
globules*  These  phenomena  may  be  exhibited  on  a 
smaller  scale,  by  means  of  a  hundred  pair  of  plates  ot 
flii  inches  st]uare  ;  an  apparatus  which  is  well  suited 
for  all  experiments  of  fnsioo  and  ignition.  The  arched 
form  of  (he  stream  of  light  passing  between  two  char- 
coal points,  is  often  very  perceptibie  when  the  distance 
of  tlie  points  does  not  exceed  half  an  inch.  Charcoal 
made  from  some  of  the  harder  woods,  such  as  beech, 
lignum  vitae,  or  boxwood,  is  the  best  for  these  experi- 
ments, and  it  should  be  carefully  prepared, 

(^O.)  The  light   thus   evolved   by  the    contact  and  Iti 
recession  of  charcoal  points,  forming  part  of  the  cir*  ^ 
cult  of  Voltaic  Electricity,  is  more  vivid  and  intense 
than  any  other  that  can  be  produced  by  art.     It  oftatt 
exhibit?  all  the  variety  of  the  prismatic  colours.   When 
the   battery  is  powerful,  the  emission  of  light  may  be 
kept  up  for  a  considerable  time  ;  it  is  so  dazzling  as  to 
ftitigue  the  eye  even  by  a  tetnfu^rary  glance  ,  and  effacea 
by  its  superior  lustre   the  light  produced  by  lamps  m 
an  apartnjent  otherwise  brilliantly   ilhnninnted,  and 
which,  on  the  sudden  cessation  of  the  (ralvanic  light, 
appears  for  a  short  time  as  if  left  in  darkness.     It  is  a 
light  which  so  nearly  emulates  the  brightness  of  the 
sun's  rays,  as  to  be  applicable  for  the   purposes   of 
illuminating  objects  in  a  solar  microscope  ]  antl  it  baa     \ 
been  applied  by  Mr.  Allen  in  his  Lectures,  to  the  ex- 
hibition, on  a  large  scale,  of  the  appearances  in  the     | 
kaleidoscope,  by  the  magic  lanthorn. 

It  is  observed  by  Mr,  Singer,  that  the  light  thus  11 
obtained  appears  to  be  derived  principally  from  the  i»J 
immediate  action  of  the  Voltaic  Electricity,  and  not  n 
from  the  combustion  of  the  charcoal  j  for  althoug-h  ^ 
the  charcoal  be  at  the  same  time  in  a  state  of  ignition, 
yet  it  is  found  to  suffer  liut  little  waste.  The  light  is 
evolved  with  equal  splendour  when  the  experiment  is 
made  in  gases  that  contain  no  oxygen,  such  as  axoie. 
or  chlorine,  and  in  whichj  therefore,  combustion  co^ 
not  be  maintained  ;  it  is  found,  indeed,  that  no  chan 
takes  place  either  in  the  gas  or  the  charcoal  in  thei 
experiments. t  Light  is  also  obtained,  though  with 
diminished  intensity,  under  water,  alcohol,  ether,  oihi» 
and  other  fluids  of  imperfect  conducting  power. 

•  navT*8  Etrmenit  of  Chtmicai  Phih*opAyf  p.  !  5 2^ J  54. 
t  Children,  Phihsopfttvttl  Trmsuctifmt  fifr  18li>,  p.  369. 
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£.  IgnUUm^  F^ion,  and  VotaHUzatwn, 

(f  1.)  The  transit  of  Electricity  which  takes  place  in 

I    fei  discharge  of  the  Electric  battery,  and  even  the 

I    i|pirk  from  the  prime  contluctor  of  the  machine,  at  the 

game  time  that  it  gives  oyt  light,  is  attended  with  the 

arolution  of  heat,  though  in  a  degree  far  inferior  to 

Ibht  which  takes  place  during  the  continued  discharge 

rf the  Voltaic  battery.     But  there  is  also  this  more  re- 

narkahle  difference  between  the  operation  of  the  two 

B  iMtrnmeiits.     The  common  Electrical  apparatus  never 

p.  exhibits  any  effect  of  heat,  unless  when  the  restoration 

«if  Electric  e<juilibrium  is  suddenly  performed,  an  event 

^wVveh  is  always  accompanied  with  the  appearance  of 

ll^t :  and  it  may  even  be  f|uestiotied,  whether  the 

we  of  temperature  which  then  takes  place,  be  not 

attributable  rntbtr  to  the  mech«mical  concussion  which 

Hif  particles  sustilii  during  this  violent  action,  than 

lotny  direct  property  which  is  due  to  the  Electricity 

«fproducrn<!^  heat.     In  the  Voltaic  apparatus,  on  the 

«lber  band,  an  elevation  of  temperature  is  observed 

to  take  place,  when  the  circuit  remains  complete,  and 

r  ifliffl  no  light  i9  evolved.     The  mere  passage  of  Vol- 

taie Electricity  through  conducting  bodies,  raises  their 

tonptmture  ;  and  when  the  apparatus ia  powerful,  and 

tfctfiie  and  nature  of  ihe  conductors  proportioned  to 

tbeqmintity  of  Electricity  to  be  tmnsferrcd,  the  roost 

Bten^e  ignition  is  produced  in  them.*     If  a  fine  iron 

tilf  of  moderate  length  be  made  the  medium  of  con - 

iwe^fi   between   the   extremities    of  the   battery,  it 

fewomes  ignited,  and  may  be  fused  into  balls.     Steel 

lire,  under  the    same   circumstances,  burns  with  a 

bfilliaurt  and  rapid  combustion.     If  a  platina  wire  be 

CBpl^yed,  it  may  be  kept  at  a  red  or  even  white  heat, 

ftrw  indefinite  length  of  time.     There  appears  to  be 

naKmit  to  the  continued  evolution  of  beat,  so  long  as 

li»e  battery  preserves  its  power.     These  effects  apfjear 

to  be  those  of  an  abundant  and  inexhaustible  stream 

of  Electricity,  flowing  in  an  equable  and  continuous 

Wnent,  and  producing  no  other  change  in  the  metal 

tllwjgh  which  it  passes,  than  merely  raising  its  tern- 

ptrtfore.     It  never  produces  its  sudden  and  violent 

diBpersioD  into  fragments,  as  happens  with  the  explo- 

iSve  discharges  of  an  Electric  jar. 

f      (5S.)  An  elegant  mode  of  exhibiting  the  production 

H  flChett,  by  the  passage  of  Voltaic  Electricity  through 

■*  I  (Ktallic  wire,  i^  to  make  the  wire  pass  through  a 

j^jjjbowD   quantity   of  water,   contained  in  a  vessel  in 

^h  a  thermometer  is  placed.     As  soon  as  the  wire 

»    B  Bade  to  form  a  part  of  the  Voltaic  circuit,    the 

ftcnaometcr  wUl  be  seen  to  riae,  and  rapidly  advance 

tp  the  boiling  point ;  after  which  the  ebullition  con- 

*^s  with  great  steadiness.     The  time  required  for 

'^sing  the  water  to  the  temperature  of  ebullition,  or 

JJequantity  evaporated  during  a  certain  time,  will 

*mi  tolerably  accurate   modes   of  estimating    the 

^loontity  of  Electricity  that  has  passed  through  the 

(i3.)  Infiaramable  bodies,  such  as  oils, alcohol,  ether, 
<«^»lBdDaphtha,  are  easily  inflamed,  when  charcoal  points 
th.  the  circuit  of  the  bs^ttery  are  ignited  by  it,  and 
l>fonght  near  each  other  on  the  surface  of  these  fluitls, 
^powder,  under  the  same  circumstances,  may  readily 
o(be  maile  to  explode.  The  order  in  which  metallic 
'^Tcs  are  raised  to  a  red  heat  by  the  action  of  Gal- 
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vanism  was  ascertained  by  Mr,  Children,  who  em-  P^rt  IL 
ployed  for  that  purpose  a  very  powerful  apparatus  of  '^^^p-v^*' 
his  own  construction,  to  be  the  following  j  viz. 
platina^  iron,  copper,  gold,  zinc,  and  silver.  Between 
gold  and  copper  the  difference  is  trifling;  and  with 
regard  to  platina  and  iron,  their  relations  to  each 
other,  in  this  circumstance,  seem  to  be  affected  by 
elevation  of  temperatnre .  These  results  were  obtained 
by  comparing  together  in  each  experiment  two  wires 
of  dissimilar  metals,  but  of  equal  diameter  and  length, 
(one  end  of  each  being  in  communication  with  one  of 
the  poles  of  the  battery,  and  the  other  end  bent  to  an 
angle,)  and  connected  continuously  by  hooking  them 
together.  The  length  of  each  wire  was  eight  ^tiches, 
and  the  diameter  one-thirtieth  of  an  inch.  The  results 
were  the  same  to  whichever  pole  of  the  battery 
either  wire  was  presented.  The  places  which  tin  and 
lead  should  have  occupied  in  the  scale  of  capability  of 
being  heated  by  Galvimism,  could  not  be  ascertained 
in  these  experiments,  because  they  melted  before  they 
actjuired  a  red  heat.  Since  it  appeared  that  the  facility 
with  which  the  metals  were  ignited,  varied  inversely  as 
their  conducting  power  for  Electricity*  it  was  inferred 
by  Mr,  Children,  that  the  degree  of  resistance  to  the 
passage  of  the  Electric  current,  was  the  circumstiuic€ 
that  occasioned  the  developement  of  heat  in  all  these 
instances.  But  the  fact  that  the  greatest  heat  is  pro- 
duced in  air,  where  there  is  reason  to  suppose  the 
least  resistance,  is,  as  Sir  H,  Davy  observes,  in  o[»p08i- 
tion  to  this  theory.  A  beautiful  illustration  of  the 
difference  which  exists  in  metals  as  to  their  eupttcity 
of  ignition,  is  to  place  in  the  Voltaic  circuit  a  wire  or 
chain  composed  of  alternate  portions  or  links  nf  platina 
and  silver  soldered  together  j  when  the  silver  links 
are  not  sensibly  heated,  but  all  those  of  platina  become 
equally  and  intensely  ignited, 

(*24.)  The  following  are  among  the  most  remarkable  Effects  of 
of  the  effects  of  Mr>  Children's  battery  in  producing  Mr.Chil* 
heat.  Five  feet  and  a  half  of  platina  wire  rather  more  /^?* 
thau  one-tenth  of  an  inch  in  diameter  was  raised  to  a  ^* 
red  heut,  visible  in  full  daylight,  A  similar  effect  was 
produced  upon  a  bar  of  platina  one-sixth  of  an  inch 
square  and  two  inches  and  a  quarter  long,  and  the 
end  of  it  was  melted.  Several  substances  esteemed 
the  most  refractory  were  fused  by  the  action  of  this 
battery.  The  oxide  of  molybdena  was  readily  fused 
and  reduced  j  the  oxide  of  tungsten  was  also  fused, 
and  partially  reduced  5  the  oxides  of  uranium,  titanium 
and  cerium  were  fused,  but  not  reduced  j  and  the 
oxide  of  tan  tali  um  was  only  partially  fused.  All  these 
metallic  oxides,  previous  to  their  being  subjected  to 
the  Galvanic  action,  had  been  intensely  ignited  in  a 
charcoal  crucible,  in  a  powerful  furnace.  The  com- 
pound ore  of  iridium  and  osmium  was  fused  into  a 
globule  I  and  iridium  was  formed  into  a  globule 
containing  small  cavities*  By  heating  iron  in  contact 
with  diamond  powder,  the  diamond  was  consumed, 
and  the  iron  converted  into  perfect  blistered  steel- 
Blue  spinell  and  gadolinite  were  fiised,  and  zircon 
firom  Norway  imperfectly  so.  Magnesia  was  agglu- 
tinated ;  while  ruby,  sapphire,  quartz,  and  silex,  were 
not  affected, <^  It  wotdd  appear,  therefore,  that  the 
heat  produced  by  the  Voltaic  battery  is  more  con- 
derable  than  has  hitherto  been  obtained  by  any  other 
process. 
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3.  DeflagratiiM, 

-     ,  (35.)  Another  mode  in  wMch  the  production  of 

11000"*"  *i«a*  ^y  *^^  Voltaic  battery  la  exhibited  by  very 
M«tak,  striking  effects,  is  to  direct  its  action  on  the  metals 
beat  out  into  very  thin  leaves.  When  these  leaves 
are  made  tbe  medmra  of  communication  between  the 
poles  of  a  powerful  apparatus  they  take  fire,  and  by 
continuing  the  action,  may  be  made  to  burn  with 
great  briUiance.  These  effects  are  best  obtained  by 
suspending  the  metallic  leaves  to  a  bent  wire  pro- 
ceeding from  one  extremity  of  the  battery,  and  to 
bring  in  contact  with  them  a  broad  metal  plate 
connected  with  the  opjvosite  extremity*  By  covering 
the  plate  with  gilt  foil,  the  brilliancy  of  the  effects  is 
still  further  increased.  Gold  leaf,  treated  in  this  way, 
burns  with  a  vivid  white  light  tinged  with  blue,  and 
produces  a  dark  purple  or  brown  oxide.  Silver  leaf 
emits  a  brilliant  emerald  green  light,  and  leaves  an 
oxide  of  a  dark  grey  colour.  Copper  produces  a 
bluish  white  light,  accompanied  by  red  sparks  1  its 
oxide  is  dark  brown.  Tin  exhibits  nearly  the  same 
phenomena,  but  its  oxide  is  of  a  lighter  colour.  Lead 
burns  with  a  beautiful  purple  light;  and  zinc  with  a 
brilliant  while  light,  inclining  to  blue,  and  fringed 
with  red*  For  the  distinct  appearance  of  these  colours 
it  is  essential  to  make  the  contacts  with  metal  j  for  if 
charcoal  be  used,  the  vivid  white  light  it  emits  effaces 
the  colours  produced  by  the  combustion  of  the  metal.* 
Van  Marum  noticed  a  beautiful  effect  which  took 
place  when  a  slender  iron  wire  %vas  connected  with 
one  extremity  of  a  powerful  battery,  and  its  end 
brought  to  touch  the  surface  of  some  mercury  con- 
nected with  the  other  extremity.  A  vivid  combustion 
both  of  the  wire  and  the  mercury  was  produced. 
Sparks  were  dispersed  in  profusion  on  every  side,  form- 
ing thousands  of  rays,  as  if  proceeding  from  a  star  or 
su  n  of  c  ons  i  de  rable  d  iame  te  r .  T  h  is  spl  e  n  d  id  s  pe  c  tacle 
may  be  continued  at  pleasure^  by  gently  depressing 
the  extremity  of  the  iron  wire,  in  pro|.K>rtion  as  the 
metallic  particles  are  dispersed  by  the  combustion. 

4.  Effects  contrasted  with  those  of  Electricity. 

Difference  (^^0  "^^^  effects  which  we  have  been  describing  as 
of  effect*  tjhose  of  the  Voltaic  battery  are  highly  instructive, 
from  tbose  as  demonstrative  of  the  vast  quantity  of  Electricity 
of  Hectri-  evolved  by  the  instrument ;  and  they  are  also  atrik- 
*^*  ^*  ingly    contrasted,   in    many   essential   circumstances, 

with  those  produced  by  the  Electric  battery.  The 
violence  with  which  the  whole  of  the  charge,  in  the 
case  of  the  latter  instrument,  is  instantaneously  forced^ 
as  it  were,  through  the  substances  which  lie  in  its 
passage,  produces  all  the  effects  of  a  powerful  me- 
chanical concussion.  The  heat  which  may  occasionally 
appear  to  be  evolved,  seems  to  be  merely  a  remote 
consequence  of  the  forcible  compression  and  collision 
of  the  particles  of  the  body  during  the  momentary 
transit  of  the  Electricity.  The  passage  of  Voltaic 
Electricity,  on  the  contrary,  seems  to  produce,  as  one 
of  its  immediate  and  direct  effects,  an  elevation  of 
temperature,  while  the  mechanical  texture  of  the  sub- 
stance remains  unchanged.  Hence,  whatever  igniting 
power  may  be  possessed  by  common  Electricity,  it  is 
transient  and  scarcely  perceptible,  and  its  tendency  is 
rather  to  separate  and  disperse  the  particles  of  bodies, 
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than  to  unite  them  into  globules  by  fusion.     Charcoal^ 
which  is  a  substance  most  residily  ignited  by  Voltaic 
Electricity,  sustains  a  powerful  discharge  of  common 
Electricity    without   its   temperature  being   sensibly 
raised.     Dr.    Hare   endeavoured    in   every   mode   he 
could  devise  to  ignite  charcoal  by  common  Electricity, 
but  without  success.    Exposed  to  the  discharge  of  a 
powerful  battery  in  pieces  tapering  to  a  point,  in  a 
glass  tube,  in  thin  strips,  and  in  powder,  by  means  of 
the  apparatus  usually  employed  for  inflaming  ether,  it 
was  either  uninfluenced,  or  merely  dispersed,  without 
the  smallest  symptom  of  ignition,  or  even  of  increased 
warmth.    Yet  the  same  discharge  was  sufficient  to 
cause  the  explosion  of  fulminating  mercury,   placed 
under  the  same  circumstances  as  the  powdered  char- 
coal in  the  former  experiment ;  thus  clearly  showing 
that  its  action  was  by  mechanical  concussion.     We 
have  seen  that  water  is  easily  made  to  boil  by  im- 
mersing in  it  a  wire  which  forms  part  of  the  Voltaic 
circuit.      But   in    Dr.    Hare's   experiments,   pointed 
wires,  covered  with  spermaceti,    and    exposed   to  a 
current  of  Electricity  from  a  fine  plate  machine  of  thirty- 
two   inches   diameter,  exhibited  no  sign   of  fusion  : 
nor  was  a  differential  thermometer,  filled  with  ether, 
according  to  Dr.  Howard's  plan,    affected  sensibly, 
though  the  warmth  of  a  finger  applied  to  the  bulb, 
caused   the  fluid  in  the  stem  to  move  nearly  a  foot. 
When   a  spherule   of  lead  suspended  by  a  slender 
filament  of  the  same  metal  to  one  of  the  poles  of 
Dr.  Hare* 8  Calori motor,  was  made  10   communicate 
with  the  other  pole  of  the  instrument,  the  spherule 
was   instantaneously  fused,  yet  the  filament,   which 
was   fifty   limes   smaller,    remained   uninjured.     The 
contrary  happens  when  a  similar  mass  of  lead  sus- 
pended by  a  filament  is  made  the  medium  of  discharg- 
ing an  Electrical  battery  ;  in  this  case  the  filament  is 
destroyed,  but  the  spherule  remains  unchanged.* 

5,  CircumMlanccs  on  which  the  Igniting  Power  depends, 
(^7:)  In  all  metallic  wires  the  capability  of  being  Igniti 
Ignited  by  a  Voltaic  battery  is  altogether  dependent,  P*'^®* 
not  upon  the  intensity  of  the  Electricity  developed, 
but  upon  the  quantity  which  is  transmitted  by  the 
wire.  It  has  reference,  therefore,  not  so  much  to  the 
number  of  alternations  of  plates  of  which  the  apparatus 
is  made  to  consist :  but  to  the  total  extent  of  the 
surfaces  producing  Galvanism.  In  instruments  of 
similar  construction,  but  differing  in  their  magnitude, 
we  should  expect  similar  results,  provided  the  same 
proportion  were  preserved  between  the  extent  of  sur- 
face in  the  battery,  and  the  area  of  the  transverse 
section  of  the  wire.  The  experiuicnts  of  which  we 
have  lately  stated  the  results,  were  made  with  large 
and  powerful  instruments  j  but  it  is  evident  that  if  the 
same  relations  of  its  parts  were  adhered  to  in  a  battery 
of  the  smallest  dimensions,  the  same  effects  would  be 
obtained.  Dr,  Wollaston  occupied  himself,  about  the 
year  1812,  in  making  a  series  of  experiments  for  the 
purpose  of  ascertaining  the  most  compendious  form 
of  apparatus  by  which  visible  ignition  might  be  pro- 
duced. After  several  trials  he  found  that  a  single 
plate  of  zinc  one  inch  stjuare,  when  properly  mounted, 
is  more  than  sufficient  to  ignite  a  wire  of  platina  one 
three- thousandth  of  an  inch  in  diameter,  even  when  the 
acid  employed  is  very  dilute.    The  smallest  battery 
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thsit  be  constructed  consisted  of  a  thimble,  without  its 
top,  flattened  till  its  opposite  sides  were  about  one- 
fiftli  of  an  inch  as  under.  The  bottom  part  was  then 
n&ktij  one  inch  wide,  and  the  top  about  eight- tenths ; 
and  as  its  length  did  not  exceed  nine-tenths  of  an 
iocb,  the  plate  of  zinc  to  be  inserted  was  less  than 
three  qaarters  of  a  square  inch  in  dimensions.  Fre* 
viously  to  insertion,  a  little  apparatus  of  wire,  through 
-which  the  communication  was  to  be  made,  was  sol- 
dered to  the  zinc  plate,  and  its  edges  were  then  coated 
irlth  sealing  wax,  which  not  only  prevented  metallic 
contact  at  those  parts,  but  also  served  to  fix  the  zinc 
in  its  place  by  heating  the  thimble  so  as  to  melt  the 
iroic.  A  piece  of  strong  wire,  bent  so  that  its  two 
extremities  could  be  soldered  to  the  upper  corners  of 
the  flatted  thimble,  served  both  as  a  handle  to  the 
"battery,  and  as  a  medium  to  which  the  wires  of  com- 
munication from  the  zinc  could  be  soldered.  The 
conducting  apparatus  consisted  in  the  first  place  of 
tiro  wires  of  platina,  about  one-fortieth  of  an  inch  in 
dia^ueter,  and  one  inch  long,  cemented  together  by 
^losf  in  two  parts,  so  that  one  end  of  each  wire  was 
tioited  to  the  mirkllc  of  the  other.  These  wires  were 
then  tinned,  not  only  at  their  extremities,  for  the  pur- 
pose of  being  soldered  to  the  zinc  and  to  the  handle, 
but  also  in  the  middle  of  the  two  adjacent  parts,  for 
receiving  the  fine  wire  of  communication.  One  inch 
of  stiver  wire,  one-hundredth  of  an  inch  in  diaraeter, 
containing  platina  at  the  centre  one- thirtieth  part  of 
the  silver  in  diameter,  was  then  bent  so  that  the 
zuiddle  of  the  platina  could  be  freed  of  its  coating  of 
silver  by  immersion  in  dilute  nitrous  acid.  The  por- 
tion of  silver  remaining  on  each  extremity  served  to 
stretch  the  fine  filament  of  platina  across  the  con- 
ductors diuring  the  operation  of  sohlering.  A  little 
ml  aocimoniac  being  then  placed  on  the  points  of 
contact,  the  soldering  was  effected  without  difficulty, 
and  the  two  loose  ends  were  readily  removed  by  the 
silver  attached  to  them.  When  the  fine  platina  wire 
was  reduced  to  the  length  of  between  one- thirtieth 
mod  one-fiftieth  of  an  inch,  it  was  readily  ignited  by 
immersing  this  miniature  battery  in  water  containing 
only  one- fiftieth  part  of  sulphuric  acid.  Though  the 
ignition  effected  by  so  dilute  an  acid  be  not  permanent, 
its  duration  for  several  seconds  is  sufficient  for  exhi- 
btting  the  phenomenon,  and  for  demonstrating  that  it 
does  not  depend  upon  mere  contact,  from  which  only 
HD  instantaneous  spark  should  be  expected. *^ 

(^S.)  The  length  of  wire  ignited  by  the  Voltaic 
battery,  as  well  as  the  intensity  of  the  ignition,  will, 
as  we  have  already  remarked,  be  proportioned  to  the 
quantity  of  Electricity  which  that  wire  transmits  in  a 
given  time*  This  will  depend  upon  several  circum^ 
stances  j  some  of  which  affect  the  powers  of  the  battery  j 
others  have  reference  to  the  capacity  of  transmission 
io  the  wire  ;  and  others,  again,  relate  to  the  proportion 
between  these  different  powers.  The  estimation  of 
effects  resulting  from  so  great  a  complication  of  causes 
is,  therefore,  in  many  cases,  very  difficult}  and  the 
more  so,  because  the  influence  of  some  of  these 
circumstances  has  not  yet  been  ascertained  with  any 
precision. 

(29.)  The  powers  of  the  Voltaic  battery,  it  is  rea- 
sonable to  presume,  increase  with  the  number  of 
plates  it  contains,  at  least  within  certain  limits  j  but 
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the  ratio  of  increase,  as  well  as  the  limits  of  that  p^^  u, 
increase,  appear  to  be,  in  fact,  very  different  with  x_^  / 
reference  to  different  kinds  of  effect,  and  to  different 
modes  of  employment*  With  wires  capable  of  trans- 
mitting the  whole  of  the  Electricity  in  proportion  as 
it  is  supplied  by  the  battery,  the  igniting  power  has 
generally  been  found  to  increase  in  exact  proportion 
to  the  number  of  plates  brought  into  action.  This 
result  was  obtained  by  Mr.  Wilkinson,*  and  by  Mr. 
Cnthbertson,t  and  has  been  confirmed  by  the  re- 
searches of  Mr.  Singer.  I  U  corresponds  also  with 
the  results  of  the  experiments  of  Van  Marum  and 
Pfaff.  From  some  experiments  made  with  the  battery 
of  the  Royal  Institution,  indeed,  Sir  Humphry  Davy 
had  at  one  time  suspected  that  the  increase  of  power 
proceeded  according  to  the  square  of  the  number  of 
plates,  instead  of  being  in  the  exact  ratio  of  that 
number.  VVhen^  on  the  other  hand,  a  very  consider- 
able number  of  plates  is  employed,  the  igniting  power 
no  longer  follows  the  same  ratio;  and  even  increases 
more  slowly  than  the  angraenlation  of  the  number  of 
plates;  and  in  some  experiments  it  appears  even  to 
diminish.  Thus  Sir  H.  Davy  found  that  one  hundred 
plates  ignited  three  inches  of  platina  wire,  one-seven- 
tieth of  an  inch  in  diameter  ^  but  one  thousand  similar 
plates,  charged  in  the  same  way,  ignited  only  thirteen 
inches,^  With  a  great  number  of  plates  it  is,  indeed, 
scarnely  possible  to  obtain  any  satisfactory  results  ; 
on  account  of  so  extensive  a  series  being  with  diffi- 
culty equally  charged  in  all  its  parts,  and  being  also 
liable  to  various  unavoidable  sources  of  dissipation* 
All  experiments  of  this  nature  require  minute  attention 
to  a  variety  of  circumstances  which  more  or  less  affect 
the  accuracy  of  the  results. 

(30.)  ^Vhen  the  same  number  of  plates  is  cm-  And  siie 
ployed,  but  their  size  is  increased,  the  quantities  of  of  the 
Electricity  liberated  are  proportionally  increased  :  but  P  '*^*^** 
the  power  of  ignition  seems  to  increase  in  a  much 
higher  ratio  with  the  increase  of  surface  ;  probably 
higher  than  even  the  square.  Thus  twenty  double 
plates  each  containing  two  square  feet  did  not  ignite 
one-sixtetnth  as  much  wire  as  twenty,  each  contain- 
ing eight  square  feet,  the  acid  employed  being  of  the 
same  strength  in  both  cases. II  The  general  fact,  of 
which  this  experiment  is  a  particular  instance,  appears 
to  have  been  lirst  noticed  by  the  French  chemists  j 
and  corresponds  to  a  similar  relation  which  is  observed 
to  take  place  between  the  effects  of  Leyden  jars  of 
different  sizes  in  fusing  metallic  wires.  The  same 
proposition  has  also  been  established  by  Mr.  Wilkin- 
son, who  states  that  the  power  of  ignition,  in  batteries 
of  the  Siima  total  surface,  but  with  plates  of  different 
sizes,  increases  in  the  proportion  of  the  squares  of  the 
surfaces  of  the  elementary  plates,  taken  singly  in 
each.^F  The  forces  of  batteries  having  unequal  sur- 
faces were  more  carefully  investigated,  from  the  same 
data,  by  Mr.  Harrison,  of  Kendal,  in  conjunction  with 
Mr*  Gough  J  and  shown  to  be  **  in  the  ratio  com- 
pounded of  the  number  of  plates,  and  the  sixth  power 
of  the  sides  of  the  elementary  plates,  taken  singly  in 
each.*'**     It  follows  that  when  the  surfaces  are  equal. 
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Calfamim.  the  igniting  force  ii  as  the  fourth  power  of  the  sides 
s.p-s^^^-^*'  or  diameters  of  the  individiual  plates.* 
To  the  (^**^  Many  are  the  circumstances  which  influence 

litne  fluring  the  continuance  of  the  igniting  power  of  the  battery  j 
which  the  but  US  they  are  connected  with  the  condition  of  the 
battery  h  pi^^tes  and  the  agency  of  the  fluid  employed,  they  will 
ai>plied.  ^0n^e  more  properly  under  consideration  in  n  Bubse* 
quent  part  of  oyr  inquiries.  It  will  be  sufficient  here 
to  remark,  thnt  all  Voltaic  batteries  require  a  certain 
time  to  produce  their  full  effect;  and  that,  accordingly, 
a  sufficient  interval  must  be  allowed  for  the  recovery 
of  the  powers  of  the  instrument  after  each  experiment, 
before  ft  fresh  contact  is  made  between  the  communi- 
cntlng  wires.  A  pair  of  plates,  which  on  Us  lirst 
immersion  in  an  acid  solution,  will  intensely  ignite  a 
wire  connecting  the  positive  and  negative  surfaces, 
will  cease  to  do  so  after  the  acid  has  acted  on  the 
plates  for  some  moments ;  and  ignition  cannot  be 
produced  by  the  same  apparatus,  without  a  temporary 
removal  from  the  fluid,  Dr.  Hare  ascertained,  that 
this  recovery  of  the  igniting  power  did  not  take  place, 
if,  during  the  removal  from  the  acid,  the  gidvanic 
surfaces  be  surrounded  either  by  hydrogen  gas,  nitric 
oxide  gas,  or  carbonic  acid  gas.  When  surrounded 
by  chlorine,  or  by  oxygen  gas,  the  surfaces  regain 
their  igniting  power  in  nearly  the  same  time  as  when 
exposed  to  the  air.f 

6.  Requisite  conditions  in  the  communicating  wtre^ 
Aodtotbe  (32,)  Tlnus  far  we  have  considered  the  influence 
capacity,  which  different  conditions  of  the  Voltaic  battery  possess 
in  regulating  the  quantity  and  power  of  the  trans* 
mitteii  Electricity  which  produces  ignition.  We  have 
next  to  notice  various  circumstances  relating  to  the 
wire  through  which  it  U  transmitted,  which  tend  to 
modify  this  effect.  The  capacity  of  transmission  in 
the  wire  will  depend  upon  the  nature  of  the  mettd, 
which,  as  we  have  already  seen,  has  a  greater  or  less 
conducting  power  with  respect  to  Electricity,  and 
also  with  resij>ect  to  heat.  These  two  propenies 
appear  to  be  nearly  akin  to  one  another ;  for  the 
different  metals  follow  nearly  the  same  order  %vith 
regard  to  their  conducting  powers  both  of  Electricity 
and  of  heat.  The  radiating  power  of  the  melal  is  also 
Surface,  to  be  taken  into  account.  This  power  is  known  to 
depend  on  the  extent  of  the  surface,  as  well  as  on  the 
particular  quality  of  the  surface*  The  nitio  of  the 
surface  to  the  mass,  is  on  this  account  an  important 
datum  for  the  estimation  of  the  Igniting  effect  pro- 
duced by  the  transmission  of  the  same  quantity  of 
Electricity  through  different  wires.  It  is  evident  thai 
the  elevation  of  temperature  produced  by  the  passage 
of  a  given  quantity  of  Electricity  in  a  given  time 
through  a  certain  mass  of  conducting  metal,  of  given 
capacity  for  heat,  will  be,  caleris  paribus,  inversely  as 
the  quantity  of  matter  to  be  heated  j  and  therefore,  in 
wires  of  the  same  metal,  inversely  as  the  squares  of 
the  diameter.  As  far  as  this  cause  operates,  therefore, 
the  smaller  the  wire,  the  more  intense  will  be  its 
Ignition,  when  other  circumstances  are  the  same. 
But,  on  the  other  hand,  if  we  lake  into  account  the 
radiating  power,  we  shall  perceive  that  although  the 
quantity  of  matter  to  be  heated  is  thus  lessened,  yet 
the  surfiice  by  which  it  is  cooled  does  not  diminish  in 

•  Nicholsoa*!  J&tifHml,  ii.  243. 
f  Annals  *»/  PkHo$ophy,  riii,  217. 


the  same  ratio :  the  former^  being,  in  equal  lengths  of   M 

wire,  as  the  square  ;  and  the  latter,  in  the  simple  ratio  V«t 
of  the  diameters.     \Vithin  a  certain  limit,  therefore,  a 
thicker  wire,  which  conveys  more  Electricity  in  pro*- 
portion  to   its  cooling  surface,  will  be  more  heated      i 
than  one  more  slender.     Dr.  VVollaston  verified  thdnH 
truth  of  these  conclusions  by  triids  on  the  very  minut^H 
wires  which  he  emjiioycd  in  his  elementary  Galvanic 
battery  already  described  :  and  he  afterwards  took  the 
opportunity  of  confirming  them   on  the  largest  scale^ 
by  means  of  the  magnificent  battery  of  Mr.  Children^ 
in  the  summer  of  IB  13,* 

(33.)  However  highly  the  conducting  power  of 
metallic  substances  for  Electricity  is  to  be  estimated,. 
it  is  evident  that  such  power  is  not  infinitely  great ; 
and  that  however  small  tbe  obstacle  which  they  inter* 
pose  to  the  transmisaion  of  that  power  may  be,  still 
such  obstacle  exists  in  a  certain  degree  j  and  the  ' 
facility  of  transmission  will  be  greater  in  proportion 
to  the  shortness  of  the  distance  the  Electricity  has  to 
traverse.  Hence  the  lengths  of  wire  in  the  Voltaic  Le 
circuit,  which  different  batteries  are  capable  of  igniting 
to  the  same  degree,  may  be  taken  as  tolerably  accurate 
measures  of  their  respective  powers  of  ignition.  The 
same  criterion  will  apply  to  the  conducting  powers. 
Thus  Sir  Humphry  l>avy  found  that  when  six  inches 
of  platina  wire  of  a  certain  thickness  discharged  the 
Electricity  of  ten  double  plates  ;  three  inches  dis- 
charged that  of  twenty  ;  one  and  a  half  inch  that  of 
forty  -J  nnd  one  inch  that  of  sixty.  The  products  of  each 
of  these  pairs  of  numbers  being  equal  in  every  case, 
it  follows  that  the  number  of  plates  discharged  by  the 
wire  is  inversely  as  the  length  of  that  wire.  By  em- 
ploying this  method,  a  ready  and  accurate  comparison 
can  be  instituted  between  the  different  metals  with 
respect- to  their  powers  of  conducting  Voltaic  Electric 
city.  The  contacts  requisite  for  these  comparative 
experiments  may  be  made  in  a  very  short  lime  j  the 
batteries  need  not  be  changed,  and  their  charge  will 
suffer  but  little  variation  during  the  experiment.  The 
results  of  Sir  11,  Davy's  experiments  conducted  upon 
this  plan,  when  reduced  to  equivalent  whole  numbers, 
expressive  of  the  lengths  of  each  metal  required  for 
discharging  a  Voltaic  battery  of  sixty  pairjt  of  plates^ 
art  as  follows  : 

Silver 60 

Copper  .  . , 55 

Gold ,.      ,  .  40 

Lead 38 

Flatina  , 10 

Palladium.  . .  9 

Iron § 

(34,)  Another  result  connected  with  this  subject,  is  Am 
that  the  conducting  power  is  proportionate  to  the  °^ 
mass  or  thickness.  The  same  mtiss,  also,  divided  into 
a  number  of  smaller  wires,  conducted  equally  well 
as  when  it  only  formed  one  wire  of  proportionate 
thickness.  The  extensiou  of  the  surface  of  the  wire 
by  flattening  through  rollers,  made  no  difference  with 
regard  to  the  conducting  i>owerj  provided  care  was 
taken  to  preserve  its  temperature  cool  by  surrouoditi|^ 
it  with  water  t  It  is  perhaps  scarcely  necessary  to 
remark,  that  this  result   is  perfectly  consistent  with 
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water,  with  the  expectation  that  they  might  be  en- 
abled to  transmit  a  ranch  higher  charge  of  Electricity 
than  they  could  convey  in  air  without  being  destroyed. 
We  have  already  seen  that  ttiia  conjecture  was  com- 
pletely verified  when  put  to  the  test  of  experiment. 

(39.)  Hence,  it  appears,  that  the  heat  produced 
where  Electricity  of  con&iderable  intensity  is  passed 
through  conductors,  must  always  interfere  with  our 
obtaining  an  exact  knowledge  of  the  changes  of  their 
conducting  powers.  When,  indeed,  the  intensity  of 
the  Electricity  is  very  high,  even  the  cooling  powers  of 
fliu<l  media  are  of  Uttle  avail.  Thus  it  was  found  by 
Sir  H,  Davy,  that  a  fine  wire  of  platina  was  fused  by 
the  discharge  of  a  common  Electrical  battery  under 
water  J  so  that  the  conducting  power  must  always 
he  dimiuished  by  the  beat  generated,  in  a  greater  pro- 
portion as  the  intensity  of  the  Electricity  is  higher. 

(•10.)  When  the  conducting  medium  is  inadequate 
to  the  discharge  of  the  whole  of  the  Electricity  in  a 
battery,  itnnight  not  appear  probable  that  any  increase 
of  the  power  of  the  battery  could  enable  the  medium 
to  carry  thraugh  any  additional  quantity*  Such,  how- 
ever, appears  from  the  experiments  of  Sir  H.  Davy 
to  be  really  the  case.  When  saline  solutions  were 
placed  in  the  circuit  of  a  battery  of  twenty  plates, 
though  they  discharged  a  very  small  quantity  only  of 
the  Electricity,  when  the  troughs  ^vere  only  one-quarter 
full,  yet  their  chemical  decomposition  exhibited  the 
fact  of  a  much  larger  quantity  passing  through  them, 
when  the  cells  were  filled  with  fluid,  A  similar  cir- 
cuiuatance  occurred  with  regard  to  a  wire  of  platina, 
of  such  a  length  as  to  leave  a  considerable  residuum 
in  a  battery,  when  only  half  its  surface  was  used  j 
yet,  when  the  whole  surface  was  employed,  it  became 
much  hotter,  and  nevertheless  left  a  still  more  con- 
siderable residuum* 

(4L)  When  equal  portions  of  wires  of  the  same 
diameter,  but  of  different  metals,  were  connected  to- 
gether in  the  circuit  of  a  powerful  Voltaic  battery, 
acting  as  two  surfaces,  the  metals  were  heated  in  the 
following  order :  iron  most,  then  palladium,  platina, 
tin,  xinc,  gold,  lead,  copper,  and  lastly  silver,  which 
was  least  of  alL  From  one  experiment,  in  which 
similar  wires  of  platina  and  silver,  joined  in  the  same 
circuit,  w^ere  placed  in  equal  portions  of  oil,  it  ap- 
peared that  the  generation  of  heat  was  nearly  inversely 
as  their  conducting  power.  Thus  the  silver  raised  the 
temperature  of  liie  oil  only  four  degrees,  whilst  the 
platina  raised  it  tw^enty-two.  The  same  relations  to 
heat  seem  to  exist,  whatever  is  the  intensity  of  the 
Electricity  ;  thus  circuits  of  wires  placed  under  water, 
and  acted  on  by  the  common  Electrical  discharge,  were 
heated  in  the  same  order  as  by  the  Voltaic  battery,  as 
was  shown  by  their  relative  fusion  ;  thus  iron  fused 
before  platina,  platina  before  gold,  and  so  on. 

(49,)  The  evolution  of  heat  by  the  circulation  of 
Voltaic  Electricity  takes  place,  not  only  in  that  part  of 
the  circuit  which  connects  the  poles  together;  but  is 
also  distinctly  manifested  in  the  battery  itself,  every 
part  of  which,  both  the  plates  of  metal  and  the  fluid 
in  the  intervening  cells,  have  their  temperature  raised. 
But,  owing  to  the  influence  of  a  variety  of  circum- 
stances} of  which  the  effect  cannot  be  accurately 
appreciated,  this  elevation  of  temperature  is  not  equal 
throughout  the  whole  series.  From  the  trials  made 
by  Mr,  John  Murray,  it  would  appear  that  a  gradual 
increase  of  temperature  took  place  in  the  Buccessive 


cells  from  the  negative  to  the  positive  pole.  When  &  ^^ 
number  of  different  troughs  were  joined  together,  the  ""^^^ 
cells  at  their  extremities  were  less  heated  than  towards 
the  middle  region.  The  maximum  of  temperature  in 
each  was  situated  towards  the  positive  pole,  with  a 
gradual  declension  in  the  direction  of  the  negative 
pole.* 

CHAPTER  III. 

Electro- Magnetic  effects  of  Galvaniim. 

(43.)  The  influence  which  the  transit  of  Electricity  Elect 
through  conducting  bodies  exerts  upon  Magnetism,  Maga 
and  the  effects  which  result  from  this  action,  form  one  ^^"* 
of  the  most  remarkable  and  interesting  subjects  of™!y 
modern  science.  As  long  as  our  knowledge  of  the 
operations  of  Electricity  was  confined  to  its  more 
ordinary  forms,  there  was  little  probability  that  the 
circumstances  attending  its  connection  with  Magnetic 
phenomena  would  ever  have  been  discovered.  The 
science  of  Electro-Magnetism  owes  its  birth  to  that 
of  Galvanism.  By  supplying  the  mean*  of  putting 
into  motion  a  vast  quantity  of  Electricity,  and  of 
continuing  its  circulation  for  a  considerable  period, 
iialvanism  has  enabled  us  to  detect  its  influence  on 
the  Magnetic  needle,  and  to  ascertain  with  precision 
the  laws  of  its  action, 

(44.)  Among  the  more  remarkable  of  the  physical 
effects  of  Galvanism,  are  now,  therefore,  to  be  ranked 
the  induction  of  Magnetism  in  certain  bodies,  and  the 
determination  of  a  mechanical  force,  operating  accord- 
ing to  a  certain  law,  in  the  bodies  in  which  Magnetism 
has  been  thus  induced,  or  which  have  previously 
acquired  Magnetic  properties.  But  these  effects 
having  been  already  fully  considered  in  our  Treatise 
on  Electro-Magnetism,  it  would  now  be  superfluous 
to  detail  or  discuss  them  further.  There  is  one  point 
of  view,  however,  relating  especially  to  the  present 
subject,  in  which  it  will  be  proper  here  to  consider 
them,  as  it  will  assist  us  in  the  course  of  our  inquiries, 
ijo  many  and  so  various  are  the  links  of  connection, 
by  which  all  the  physical  sciences  are  associated  to- 
gether J  and  so  material  is  the  aid  which  they  mutually 
afford  one  another,  that  no  one  subject  can  be  properly 
understood,  or  satisfactorily  treated,  without  in  < 
some  degree  trenching  upon  the  province  of  the  neigh- 
bouring science.  Thus,  while  to  Galvanism  we  are 
indebted  for  the  discovery  of  the  Electro-Magnetic 
powers,  these  newly  discovered  properties  have,  in 
their  turn,  furnished  us  with  further  means  of  im- 
proving the  parent  science.  The  production  of  certain 
Magnetic  phenomena,  originally  brought  lo  light  by 
the  progress  in  Galvanic  inquiry,  have  now  themselves 
become  the  most  deUcate  of  all  the  knoivn  tests  for 
ascertaining  the  operation  of  Voltaic  Electricity^  under 
circumstances  where  its  quantity  could  not  otherwise 
have  been  appreciated,  nor  even  its  presence  detected. 
The  phenomena  oi  Thermo- Ekctrk-ilfUgnetuimi  as  they 
have  been  called,  and  of  which  an  ample  account  has 
already  been  given,  are  illustrations  of  this  remark. 
The  passage  through  wires  of  considerable  quantities 
of  Voltaic  Electriciiy,  when  the  circuit  is  complete, 
may  be  manifested  by  the  ignition  of  the  wires  ;  but 
excepting  the  increase  of  temperature,  no  sensible 
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mamt.  chiui^e  IS  occasioned  in  the  metal  which  transmits  the 

■^-^  Electricity.   But  its  influence  on  magnetised,  or  mag- 

netisable  bodies,  in  its  vicinity,   will,    by   means  of 

proper  instruments,  indiente  the  most  minute  quantities 

kof  circalating  Electricity. 
(45.)  The  apparatus  for  examining  these  minute 
quantities  of  Galvanism,  invented  by  Professor  Cura- 
ming,  and  which  he  has  termed  a  Galvanometer  ot  Gal' 
vanoicope^  has  already  been  described  in  the  Treatise 
on  Electro -Magnetism,  (p.  23,)  as  also  another  form 
of  the  same  instrument,  contrived  by  Mr.  Marsh, 
The  principle  on  which  they  operate  is  the  equal 
action  exercised  on  the  Magnetic  needle  by  all  the 
parU  of  a  conducting  wire,  when  it  transmits  a  cur- 
rent of  Electricity.  It  is  on  this  principle  that  the 
heliacal  turns  of  wire  in  communication  with  the 
poles  of  a  battery,  conspire  in  producing  Magnetic 
effects  in  ihe  direction  of  the  axis  of  the  helix,  that 
is,  in  a  direction  perpendicular  to  the  plane  of  each  of 
the  coils.  It  is  evident  that  this  effect  will  be  still 
further  increased,  the  greater  the   number   of  coils 

k  which  are  made  to  act  together  upon  the  wire.     Fur- 
SDing  this  idea.  Professor  Schweiggcr,  of  Halle,  im* 
,1       mediately  after  the  discovery  of  Electro-Magnetism, 
ioveoted   an   apparatus   well    adapted    for    detecting 
the    feeblest  Electrical   currents )    and  it  was   after- 
wards  somewhat  improved  in  its  form  by  Professor 
Oersted,    The  multiplying  wire  is  of  silvered  copper, 
and  its  thickness  about  one-hundredth  of  an   inch  ; 
for  the   purpose  of  guarding   every  part  from    any 
metaltic  contact,  it  is  wrapped  in  its  whole  length  in 
jsilk  thread,  which  prevents  ail  Electric  cammuntcation 
^    between   the   different   turns    of  the  wire.      in  this 
■t^  form  it  may   be  denominated  the  Electro-Magnetic 
^^    Maltiplier.     Dr.  Kaerntz  has  laboured  to  prove  cxpe- 
riinentally  the   amount  of  the  advantage  obtained  in 

»  these  instruments  by  each  additional  circumvolution 
of  the  wire  ;  and  succeeded  in  verifying  the  dcduc- 
tioo  from  theory,  that  the  quantity  of  power  of  the 
instrument  over  the  needle  was  exactly  in  proportion 
to  the  number  of  convolutions.* 

The   Electricity  developed  by  the  contact  of  two 
discs,  the  one  of  copper  and  the  other  of  zinc,  when 
tjothing  but  water  is  interposed  between  them,  is  per- 
fectly appreciable   by  this    instrument.      It    renders 
r  manifest  Galvanic  actions,  which  would  be  too  feeble 

H       to  cicile  contractions  in  the  muscles  of  a  prepared 

Jl^      (46.)  It  follows  from  the  principles  we  have  already 

hmmt   *^*pl^ned  and  developed,  concerning  the  transmission 

PP«     ^Electricity  through  conducting  wdres,  that  In  pro- 

^%^     ^^^^^  as  we  lengthen  the  circuit  which  it  has  to 

^^  '/averse,  by  in ulti plying  the  number  of  coils,  we  in- 

^fpose  a  greater  obstacle  to  the  transmission  of  the 

^jeclricity.     It    is   necessary,   therefore,    to   employ 

*   tfes  of  a  thickness  proportioned  to  the  charge  which 

1^  to  be  measured.     Thus,  when  the  instrument  is  to 

»Jj^  used  for  the  comparii^on  of  considerable  currents  of 
'^Electricity,  wires  of  much  greater  thickness  must  be 
^tnploycd  ;  for  without  this  precaution^  there  might 
^,  instead  of  an  increase,  an  absolute  diminution  of 
^flftct,  iti  consequence  of  the  imperfection  of  the  con- 
^uator. 

(47.)    In  every   instrument   constructed  upon  the 

I  principles  of  the  Galvanometer,  or  Electro-Magnetic 
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Multiplier,  the  delicacy  of  its  indications  is  much  in-  Part  IL 
creased  by  placing  one  or  more  magnetised  needles,  ^ 
in  such  a  situation  as  shall  greatly  diminish,  or  coni> 
pletely  neutralize  the  directive  force  which  the  sus- 
pended needle  derives  from  the  earth's  Magnetism* 
A  very  happy  application  of  this  principle,  calculated  Nobili's 
at  the  same  time  to  increase  the  action  of  the  wires  GaU-ano- 
on  the  needle,  has  lately  been  made  by  M»  Nobili,  in  tiictcr* 
the  construction  of  his  new  and  highly  ingenious 
galvanometer.  The  novelty  of  his  contrivance  con- 
sists in  the  employment  of  two  Magnetic  needles, 
instead  of  one*  These  needles  are  equtil  in  size,  and 
as  nearly  as  possible  brought  to  the  same  degree  of 
Magnetism  j  they  are  placed  the  one  above  the  other, 
fixed  on  an  axis  of  straw,  in  parallel  directions,  but 
with  their  polarities  tlirected  in  opposite  ways,  us  re-- 
presented  in  fig.  12.  Their  distance  from  etich  other  Fig.  12: 
on  the  straw  is  regulated  by  the  construction  of  the 
frame  with  its  covering  wire,  in  and  about  which  they 
are  to  move.  This  frame  is  twenty-two  lines  long, 
twelve  wide,  and  six  high.  The  wire  is  of  copper, 
covered  with  silk  j  it  is  one-fifth  of  a  line  in  thickness, 
and  from  twenty*nine  to  thirty  feet  long.  It  makes 
seventy- two  revolutions  about  the  frame.  The  needles 
are  twenty-two  lines  long,  three  lines  wide,  a  quarter 
of  a  line  thick,  and  they  are  placed  on  the  straw  five 
lines  apart  from  each  other.  An  aperture  is  made  in 
the  tissue  formed  by  the  turns  of  the  wire  on  the 
upper  surface  of  the  galvanometer,  by  opening  them 
from  the  middle  towards  each  side  j  the  lower  needle 
on  the  straw  is  introduced  through  this  aperture  into 
the  interior  j  in  consequence  of  which  the  upper  needle 
remains  a  little  above  the  upper  surface  of  the  wire. 
The  aperture  is  retained  open  to  a  certain  extent,  to 
allow  freedom  of  motion  to  the  needles  and  straw  j 
these  being  suspended  in  the  usual  way  from  the  upper 
extremity  of  the  straw.  The  graduated  circle,  on 
which  the  deviation  is  measured,  is  placed  over  the 
wire  on  the  upper  surface  of  the  frame,  having  an 
aperture  in  its  centre  for  the  free  passage  of  the  needle 
and  straw*  The  upper  needle  is  the  index,  the  lower 
being  visible  only  from  the  sides  of  the  instrument. 

The  superior  sensibility  of  this  instrument  is  owing 
to  the  addition  of  the  upper  needle.  Being  niiignetisetl 
in  an  opposite  direction  to  the  lower  one,  it  almost 
entirely  neutralizes  the  influence  of  terrestrial  Magne- 
tism, leaving  only  so  much  of  directive  power  as  shall 
induce  the  whole  arrangement  to  return  to  a  constant 
position  when  uninfiuenced  by  Electrical  currents,  and 
yet  combining  with  the  lower  needle,  to  cause  deHection 
when  an  Electrical  current  is  passing  through  the  wire. 
As  an  illustration  of  the  delicacy  of  this  instrument, 
M.  Nobili  observes,  that  if  Secbeck's  combination  of 
antimony  and  bismuth  be  attached  to  a  comoion  gal- 
vanometer, and  the  point  of  junction  be  cooled,  only 
a  very  slight  effect  is  observed  on  the  instrument  j 
whilst,  if  nttaehcd  to  the  new  galvanometer,  the  same 
infiuence  is  sufRcient  to  make  the  needles  revolye 
several  times.  If  a  piece  of  iron  wire,  five  or  six 
inches  long,  be  used  to  connect  the  extremities  of  the 
copper  wire  of  the  instrument,  by  twisting  the  ends 
together,  and  one  of  the  points  of  contact  be  warmed 
by  touching  it  with  the  hand,  the  needle  will  move 
from  zero,  and  in  the  first  oscillation,  extend  to  90**, 
Even  the  mere  approximation  of  the  hand  to  the 
junction  of  the  metals,  will  produce  a  deviation  of  20°. 
In   consequence  of  the  situation  of  the  grad dated 
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circle  above  and  on  t)ie  outgide  of  the  frame,  the  folds 
of  the  wire  may  be  brought  mnch  nearer  to  each  other 
than  in  the  common  instrument }  this  renders  it  more 
compact,  and  from  the  vicinity  of  the  needle  within 
to  the  wire,  also  more  powerful  When  fixing  the 
graduation,  the  zero  should  be  placed  so  as  to  accord 
with  the  position  of  the  needles^  when  lefi  to  the 
earth's  influence  ;  this  will  not  be  towards  the  true 
Magnetic  north,  but  will  not  be  for  from  it,  and  will 
always  be  constant.* 

CHAPTER  IV. 

Omucal  effects  of  Gahaidsm 

(48.)  The  effects  of  Galvanism  to  which  our  atten- 
tion was  first  directed,  and  which  might  be^  regarded 
as  more  especially  appertaining  to  Electricity  in  its 
ordinary  forms,  namely,  attraction,  repulsion,  and 
induction,  were  obtained  under  circumstances  in  which 
the  Golvanic  circuit  of  the  battery  was  incomplete,  and 
were  exhibited  by  the  insulated  and  separate  poles  of 
the  apparatus.  The  ignition  of  the  communicating 
wires,  on  the  other  hand,  or  their  elevation  of  tempera- 
ture, and  also  their  Electro-Magnetic  effects,  were 
the  results  of  the  free  and  uninterrupted  transmission 
of  Electricity  through  highly  conducting  substances, 
which  formed  the  medium  of  connection  between  the 
positive  and  negative  extremities  of  the  battery.  The 
class  of  phenomena  which  are  next  to  be  the  subject 
of  inquirv,- depend,  on  the  contrary,  upon  the  in- 
fluence of  this  astonishing  agent  on  fluid  conductors, 
which  convey  it  only  partially  and  imperfectly.  They 
comprise  certain  chemical  changes  of  composition, 
effected  by  the  agency  of  Vohaic  Electricity  in  the 
fluids  which  are  interposed  In  the  line  of  its  circuit. 

1.  Chemical  changes  oecurring  m  simple  Galvanic  chrcks* 

(49.)  In  order  to  obtain  clear  ideas  of  the  nature 
and  connection  of  these  effects,  we  shall  first  attend 
to  what  takes  place  in  the  simplest  Galvanic  circle, 
composed  of  two  dissimilar  metals  and  an  interposed 
fluid ;  and  as  an  example  of  most  ordinary  occurrence, 
we  shall  take  the  case  which  we  originally  assumed  of 
a  plate  of  copper,  and  another  of  zinc,  occasionally 
communicating  with  one  another  at  one  end,  either  by 
direct  contact  or  by  means  of  an  intervening  wire  ; 
and  immersed  in  an  acid  solution.  Let  us,  in  the  first 
place,  suppose  this  solution  to  consist  of  very  dilute 
sulphuric  acid.  If  the  plates  be  immersed  in  this  acid, 
without  touching  or  communicating  with  each  other, 
the  acid  will  act  upon  the  zinc  ;  will  first  occasion 
the  decomposition  of  the  water  in  contact  with  it,  t&e 
oxygen  of  which  will  combine  with  the  zinc,  forming 
an  oxide  of  zinc ;  while  the  hydrogen  wiU  be  disen- 
gaged in  the  form  of  gas.  The  oxide  of  zinc  will 
then  be  dissolved  by  the  acid,  in  proportion  as  it  is 
produced.  The  plate  of  copper,  on  the  other  band, 
will  undergo  no  change  ;  the  acid,  in  its  diluted  state, 
having  no  power  of  acting  upon  it  Let  the  contact 
be  now  made  between  the  metals,  and  the  following 
consequences  will  ensue.    The  oxidation  of  the  zinc, 

•  BibeoiMdgMg  UnheneUe, zziz.  110}  and  Jimrmd  of  Stknut 
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and  its  solution  in  the  acid,  will  proceed  with  mudh  Bi 
greater  rapidity  and  energy  than  before ;  but,  what  is  ^^ 
still  more  remarkable,  it  \^1  not  be  accompanied  with 
the  evolution  of  hydrogen  from  the  oxidating  surface. 
The  proportion  of  hydrogen  due  to  the  oxygen  which 
unites  with  the  metal,  will,  indeed,  be  disengaged,  but 
it  will  now  make  its  first  appearance  on  the  surface  of 
the  copper  plate,  from  whence  it  will  arise  in  a  copious 
stream  of  bubbles.  The  copper  will  itself  be  still 
unaffected  by  the  new  action  that  has  been  thus  estiL- 
blished.  In  process  of  time,  indeed,  when  a  consi- 
derable quantity  of  sulphate  of  zinc  has  been  dissolved 
in  the  fluid,  we  find  the  quantity  of  disengaged  hydro- 
gen gradually  diminish,  and  a  film,  composed  partly 
of  n»etaUic  zinc  and  |Mrtly  of  filaments  of  oxide  of 
tknc,  is  deposited  on  the  surfisuse  of  the  copper  i  as 
soon  as  this  has  been  effected,  the  Galvanic  acdbn 
ceases.* 

(50.)  If  an  acid  capaUe  of  acting  upon  the  cofper 
as  well  as  upon  the  zinc,  be  employed  in  the  experv* 
ment,  similar  phenomena  take  [^ce,  with  this  addi* 
tional  circumstance,  that  the  action  of  the  acid  upco  ^ 
tiie  copper  ceases  the  instant  the  Galvanic  circuit  if 
completed ;  and  instead  of  nitrous  gas  being  formed 
on  the  surface  of  the  copper,  which  happens  befbrt 
the  circuit  is  formed,  only  bubbles  of  pure  hydrogen 
make  their  appearance,  and  the  copper  is  protected 
from  all  further  action;  the  zinc  being,  as  in^  the 
former  case,  oxidated  uid  dissolved  with  additional 
energy. 

S.  Changes  effe^ed  in  Fluid  Conductors. 

(51.)  The  same  chemical  changes,  which  we  hm%  Inm 
just  describedas  occurring  in  a  simple  Galvanic  arrange-  JH 
ment,  also  take  place  in  each  of  the  portions  of  floid, 
which  intervene  between  the  plates  in  each  altematioa 
of  the  series  which  constitute  the  composite  batteries. 
As  soon  as  the  Galvanic  circuit  is  completed,  by  estn* 
blisbtng  a  sufficient  communication  between  the  poles 
of  the  battery,  the  zinc  surfaces  become  rapidly 
oxidated,  while  the  copper  surfaces  appear  to  give  out 
hydrogen  gas>  and  are  protected  from  all  chemical 
action. 

Decompontion  of  Water. 

'  (52.)  Chemical  actions  of  a  still  more  remarkable 
kind  take  place,  when  fluid  conductors  are  placed  in 
any  part  of  the  circuit  by  which  the  two  poles  of  the 
battery  are  brought  into  communication  with  one 
another.  The  first  discovery  of  the  chemical  agency 
of  Galvanism  was  in  its  power  of  decomposing  water  j 
it  was  one  of  the  earliest  fruits  of  the  happy  invention 
of  the  pile  by  Vblta  -,  and  was  due  to  the  united  re- 
searches of  the  late  Mr.  Nicholson,  and  of  Mr.«  now 
Sir  Anthony,  Carlisle. 

Let  two  metallic  wires,  each  respectively  communf-  WiSi 
eating  with  the  positive  and  negative  poles  of  the  ^"■l 
battery  be  made  to  pass  through  the  opposite  ends  of 
a  glass  tube  filled  with  water,  which  may  be  confined 
by  two  corks,  one  placed  at  each  end,  allowing  the 
wires  to  be  introduced  through  them,  so  that  their 
extremities  may  not  be  In  contact,  but  may  be  at  the 
distance  of  a  quarter  of  an   inch  from  each  other, 

*  Ste  Blot's  Memoir,  resd  to  thft  Nationsl  Institate,  qootetf  by 
WVktawm  tn  kb  JBamMft  ^^cAnmImi,  i.  1S3. 
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•  (fig.  lO.)  The  following  appearances  will  then  present 
dMm selves.  If  the  wire  which  is  connected  with  the 
|MMktve  pole  of  the  battery,  be  of  a  really  oxidable 
■lefcii],  it  is  rapidly  oxidated  by  the  water  when  it  is  in 
roBtftci  with  it  J  while  at  the  same  time,  a  stream  of 
lnil»bles  of  hydrogen  ^ns  arises  from  the  other  wire 
^Miieh  is  so  connected  with  the  negative  pole.  It  thus 
appears  that  the  water  has  been  decomposed  into  its 
two  elements,  of  which  the  oxyg-en  manifests  its 
presence  by  entering  into  com  hi  nation  with  the  posi- 
tive wire,  and  the  hydrogen  is  developed  in  the  form 
of  gus  at  the  negntive  wire. 
^  (o2*,)  If  the  wires  employed  be  of  a  metal  which  is 

H  not  susceptible  of  oxidation  by  water,  such  as  gold  or 
A  fUoAinai  gas  will  be  extricated  from  both  the  wires, 
wmd  hf  a  proper  apparatus  may  be  collected  separately. 
Kor  this  purpose  we  may  take  two  glass  tubes  or  re- 
ecivers*  dosed  at  one  end,  and  filled  with  water,  which 
is  tetaineft  by  inverting  them  over  a  sufficient  quantity 
I-  o#  water  in  a  glass  vessel^  as  is  shown  in  fig*  11. 
Bach  rabe  is  to  be  fornished  with  a  platina  wire,  N,  P, 
pasted  through  the  closed  extremity,  and  descending 
within  it  through  its  whole  length.  The  open  ends 
are  then  to  be  placed  as  near  to  each  other  as  their 
potion  in  the  water  will  allow,  and  the  wires  to  be 

Ieotmected  respectively  with  the  opposite  surfaces  of  the 
Voltaic  battery.    Gas  will  immediately  arise  from  each 
of  Ihe  wires,  but  in   different  quantities.     The   tube 
contaiiiing  the  negative  wire,  N,  will  be  soon  filled 
with  hydrogen  gas,  while  the  other,  which  is  traversed 
by  the  positive  wire,  P,  will,  in  l!ie  same  time^  be  only 
1^      half  filled  with  oxygen  gas.    It  is  well  known  that  the 
^P      ^^htmes  of  these  two  gases,  which  when  in  combina- 
fc  tlon  form  water,  or  which  result  from  its  decomposi- 

tion»  are  in  this  proportion,  that  is  to  say,  the  volume 
of  the  hydrogen  is  to  that  of  the    oxygen,  as  two  to 

Y  oae.  That  the  water  is  perfectly  resolved  into  its  tiA*Q 
JK  dtnients  by  this  experiment  Is  easily  proved,  by  the 
^m       last  of  mixing  together  the  gases   so   procured,  and 

V  exploding  the  mixture  by  an  Electric  spark  )  the  whole 
H  ia«caot1y  loses  the  gaseous  form^  and  is  reconverted 
|H        into  water. 

Ip.  (54)  Sir  H.  Davy  discovered  that  the  gases  con- 

llto«^  itttuting  water  may  be  separately  produced  from  two 
wfrem  quantiites  of  water  contained  in  separate  vessels,  pro- 

r-  vided  they  are  made  to  communicate  by  moist  con- 
ductors, such  as  moistened  thread,  extending  from  the 
one  to  the  other.  The  same  result  will  also  be  ob- 
tained if  a  slip  of  fresh  animal  subs  tan  ce»  or  a  recent 
aa^iable,  be  interposed  between  the  two  portions  of 
lllid^  or  even  if  the  fingers  of  the  right  hand  be  dipped 
lala  the  water  contained  in  one  glass,  and  tho*e  of  the 
ha  into*  the  other.  The  most  elegant  mode  of  con- 
ducting this  experiment  is  to  use  distilled  water,  and  to 
OfMtnect  the  water  in  both  cups  by  means  of  the  fibres 
I  of  amianthus  or  asbestos,  previously  moistened  with 

•  pure  water;  by  which  means  any  saline  or  other  im- 
pregnations, which  the  water  may  have  previously 
contained,  or  may  receive  from  the  animal  or  veget- 
al>le  substances  employed  as  the  medium  of  connec- 
tIon>  are  effectually  guarded  against. 

Decomponiion  of  Saline  tubsicmces, 

(S5.)  If  the  above  mentioned  precautious  be  neg- 
lected, tbe  |n-esence  of  saline  substances  will  soon  give 
rise  to  other  pfaeaomeaa,  which  although  they  are  now 


sufficiently  understood,  were  the  source  of  great  per-     Part  IT. 
plexity  and  error  to   the  experimentalists   who  first  ^^— ■^v'*—^ 
noticed  them.     Thus  it  had   been   observed   by  Mr.  Ferplexiug 
Cruickshanks,  among  his  earliest  discoveries  on  the  app«ar- 
chemical  effects  of  the  Voltaic   pile,  that  an  acid  and  *"55***J 
an  alkali  were  generated  at  the  two  ends  of  the  wire,  alkali" 
when  immersed  in  water,  in  the   inteiTupted  circuit. 
The  same  appearances  were  observed   by    Frofessor 
Pfaff»  who  ascribed  them  to  the  combinations  of  the 
azote,   furnished  by  the  atmospheric  air  which  was 
contained  in  the  water,  with   the  oxygen  on  the  one 
hand,  and  the  hydrogen  on  the  other,  arising  from  the 
decomposition   of  the  water,   which   thus   produced 
nitric  acid    and  ammonia.*     Brugnatelli,    and  other 
inquirers,  in  like  manner,  obtained  traces  of  acid  and 
alkali  by  the  Galvanic  action  of  the  wires  on  what 
they  supposed  to  be  pure  water,t  with  only  an  admix* 
ture  of  a  small  quantity  of  common  air     Desormes 
asserted  that  the  acid  was  the  muriatic  ^   and  the  same 
conclusion   was  deduced  by  Simmer. J     This  singular 
result  led  to  the  opinion,  that  muriatic  acid  on  the  one 
hand ^  and  soda  on   the  other,  which  had  also   been 
found  under  the  same  circumstances,  were  actually 
generated  by  some   mysterious  agency  of  Galvanism, 
out  of  the  elements  of  pure  water,     A  letter  appeared 
in  the  PkiiosophkaL  MagazmCj  in   1S05,  purporting  to 
be  written  by  a  Mr,  Peel,  of  Cambridge,  and  contain- 
ing an  account  of  an  experiment,  in  which  the  water 
that  remained  after  a  large  portion  had  been  decom- 
posed  by  Galvanism,  yielded  on  evaporation  a  small 
quantity  of  muriate  of  soda.     This  salt,  it  was  saidj 
could  not  have  been  contained  in  the  water  employed 
for  the  decomposition,  as  every   precaution  was  used 
to  have  it  free  from  impurities.     The  experiment,  it  was 
pretended,  had  been  repeated  both  by  the  writer  and 
by  a  friend  of  his,  with  precisely  tbe  same  result.§     It 
appeared,  however,  on  inquiry,  that  no  such  individual 
as   Mr.   Peel  could   be  found  at  Cambridge,  so   that 
the  letter  bearing  that  name  turned  out  to  be  ngrosj 
fabrication.      But    tlie    most    singular    consequence 
of  this  attempt  to  impose  upon  the   scientific  world, 
was  that  when  the   experiment  was  tried  by  others,  it 
was  actually  found   to  succeed  ;   and   accounts   were 
received  of  tbe  same  results  having  in  reality  attended 
the   experiments   of  Professor  Pacchioni,  of  Pisa,  m 
those  mentioned  in  the  fabricated  letter.     In  order  to 
account  for  the  appearance  of  chlorine,  or  ox y muriatic 
acid,  in  water  that  had  been  subjected  to  the  action  of 
Galvanism,  Pacchioni  conceived  that  hydrogen  might 
be  susceptible  of  different  degrees  of  oxidation  j  that 
nmriatic  acid  was  an  oxide  of  hydrogen,  being  formed 
from  water  by  the  abstraction  of  part  of  its  oxygen  ; 
while  oxymuriatic  acid  consisted  ojf  hydrogen  in  a  still 
higher  degree  of  oxidation,!)     Mr.  Sylvester,  also,  in 
this  country,  Wiie  led  to  tbe  very  same   conclusion  as 
to  the  appearance   both  of  miuriatic  acid  and  of  soda, 
in  gnlvaniscd  water,  although  he  bad  used  every  en- 
deavour to  exclude  muriate  of  soda  from  every  part  of 
the  apparatus.  If  These  singular  results,  obtained  at  the 
same  period  by  so  many  inde pendent  observers,  could 
not  fail  to  excite  considerable  attentiooi  and  gave  ri«e 

t  J€umni  de  /»Ay**fwe,  liii-  298,  and  lllv.  78. 

X  jlnnaks  dr  Chimie,  uxnt.  2B4,  ADc]  xli  109. 
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Explained 
by  Sir  H. 


Galraniim  to  xntmy  bokl  speculatlonSi  afl  lo  the  origin  of  the  salt- 
ness  of  the  oceau,  which  it  was  supposed  miglit  have 
been  broiig-ht  about  by  the  mighty  operations  of  the 
Galvanisra  of  the  globe.  For  the  complete  solution 
of  these  perplexing'  phenomena,  science  is  intlebted 
to  the  sagacity  of  Sir  H.  Davy,  It  is  a  remarkable 
feature  in  the  history  of  this  branch  of  Philosophy,  that 
Q  random  conjecture,  hazarded  orit^inally,  perhaps,  as 
an  idle  jest,  should  have  been  afterwards  apparently 
confirmed  by  repeated  experiments  in  various  quarters, 
and  should  have  given  occasion  to  the  masterly  train 
of  investigations,  whicb  ultimately  led  to  the  dis- 
covery of  the  bases  of  the  alkaliei^^  and  to  the  nume- 
rous splendid  results  with  whieb  modern  science  has 
been  enriched^  and  wbich  have  immortalised  the  name 
of  Davy. 

This  illustrious  philosopher  soon  ascertained  that 
the  muriatic  acid  which  had  been  found  owed  its 
appearance  to  the  animal  or  vegetable  matters  em- 
ployed ;  for  when  the  same  fibres  of  cotton  were 
made  use  of  in  successive  experiments,  and  vt^ashed* 
after  every  process,  in  a  weak  solution  of  nitric  acid, 
the  water  in  the  apparatus  containing  them,  though 
acted  upon  for  a  gieat  length  of  time  with  a  very 
strcng  power,  at  last  produced  no  effect  upon  solution 
of  nitrate  of  silver.  In  the  instances  in  which  much 
soda  had  been  procured,  Sir  H.  Davy  traced  its  pro- 
duction to  the  decomposition  of  the  glass  vessel  at  it3 
point  of  contact  with  the  wire,  which  he  observed  to 
be  considerably  corroded.  By  employing  an  agate 
cup,  in  place  of  the  glass,  this  source  of  error  was 
prevented,  and  no  saline  matter  appeared.  When  the 
water  in  two  separate  cups  were  united  together  by 
well  washed  asbestos,  as  was  happily  suggested  by 
Dr.  \Vollaston»  neither  acid  nor  alkali  were  at  first 
produced  by  Galvanism,  Yet  in  subsec|uent  experi- 
ments they  were  found  still  to  make  their  appearance. 
Vessels  of  pure  gold  were  substituted  for  those  of 
glass  J  acid  and  alkali  were  still  developed,  though  in 
smaller  quantities  than  before.  By  a  series  of  careful 
experiments,  in  which  approximations  were  succes- 
sively made  to  the  true  result,  it  was  found  that  even 
distilled  water  contained  in  ordinary  cases  sufficient 
saline  matter  to  give  rise  to  the  observed  phenomena. 
But  when  slowly  distilled  in  a  sih^er  still,  and  decom- 
posed in  gold  vessels,  out  of  the  contact  of  the  air,  no 
trace  of  either  acid  or  alkali  appeared  ;  and  it  was 
finally  established,  after  a  very  laborious  investigation, 
that  when  the  water  is  chemically  pure,  and  that  all 
access  of  foreign  soluble  matter  is  guarded  against, 
the  sole  products  resulting  from  its  decomposition  by 
Galvanisra,  are  its  two  elements, oxygen  and  hydrogen.* 
(5fj.)  In  the  prosecution  of  these  researches  it  was 
apparent,  that  the  ocid  resulting  from  the  decomposi- 
tion of  any  neutral  salt,  which  might  be  contained  in 
the  aqvieous  solution  placed  in  the  Voltaic  circuit,  was 
collected  round  the  positively  electrized  metallic  sur- 
face J  and  the  alkaline  matter  round  tl|e  negatively 
electrified  surface.  Thus  was  the  power  of  the  Voltaic 
battery  as  an  instrument  of  chemical  analysis  made 
manifest  -,  and  the  path  of  discovery  which  was  thus 
laid  open,  was  pursued  with  the  greatest  ardour  and 
the  most  signal  success.  The  apparatus  employed 
consisted  usually  of  two  cups,  sometimes  of  glass,  but 
where  more  accuracy  was  required,  of  agate,  or  sonie- 
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timea  of  gold  ;  the  cups  were  connected  together  bj  a  F« 
few  fibres  of  moistened  asbestos,  and  respectively  con-  ■— ^ 
nectcd  with  the  opposite  poles  of  the  bfittery.  If  a 
portion  of  any  soluble  saline  compound  was  placed  in, 
each  cup,  and  the  action  of  the  battery  continued  for.  i 
a  sufficient  time,  all  the  alkaline  matter  was  found 
collected  in  the  negative  cup,  and  all  the  acid  matter*, 
in  the  positive.  U  a  solution  of  common  Glauber's 
salt,  or  the  sulphate  of  soda,  be  subjected  to  the  action 
of  the  battery,  after  a  few  bours,  the  positive  cup  will 
be  found  to  contain  a  solution  of  sulphuric  aeiti,  and 
the  negative  cup  a  solution  of  soda.  Each  of  theses  J 
elements  must  conse*]ueatly  have  been  transmitted  in 
opposite  directions  through  the  moistened  fibres,  or- 
rather  through  the  water  which  they  contain.  Any 
other  neutral  saline  compound  will  present  similar 
phenomena. 

(57.)  The  observation  of  the  corrosion  of  glass  by 
the  Electrical  agency,  led  Sir  H,  Davy  to  expect  that 
various  insoluble,  or  difhcultly  soluble  bodies  would 
undergo  change  under  similar  circumstances  ;  and^ 
the  result  of  these  trials  was  decided  and  satisfactory^ 
Two  cups  made  of  compact  sulphate  of  lime,  contain- 
ing pure  water,  were  connected  together  by  fibroua 
sulphate  of  lime,  which  was  moistene<l  by  pure  water, 
and  the  Voltaic  influence  transmitted  through  jt.  After 
an  hour  the  flui<is  were  accurately  examined ;  when  it 
was  found  that  a  pure  and  saturated  solution  of  lime 
ha<l  been  produced  in  the  cup  containing  the  negative 
wire,  which  was  partially  covered  with  a  crust  of  lime  i 
and  that  the  other  cup  was  filled  with  a  n*oderately 
strong  solution  of  sulphuric  acid.  Sulphate  of  stron- 
tites,  and  fiuate  of  lime,  subjected  to  the  same  process, 
yielded  similar  results  j  but  sulphate  of  harytes,  from 
its  greater  insolubility,  proved  more  difficult  of  decom- 
position ;  the  difficulty  was,  however,  at  length  over- 
come* The  analysis  of  many  mineralogical  specimens 
of  which  the  composition  was  considerably  more 
complicated,  was  greatly  elucidated  by  the  action  of 
Voltaic  Electricity,  which  extracted  ail  the  acid  and 
alkaline  matters  they  contained.  Basalt,  for  example, 
which  contains  15  per  cent,  of  lime,  two  and  a  half 
per  cent,  of  soda,  and  only  half  per  cent,  of  muriatic 
acid,  gave,  at  the  end  of  ten  hours,  evident  traces  of 
alkali  round  the  negative,  and  of  acid  round  the  positive 
wire.  Lime  and  soda  were,  in  like  manner,  obtained 
from  zeolite,  and  potash  from  lepidolite, 

(58.)  In  whatever  part  of  the  fluid  between  the 
positive  and  negative  wire  the  compound  substance 
be  placed,  the  ultimate  results  are  still  the  same. 
Thus  if  the  neutral  salt,  whether  it  be  alkaline  or 
earthy,  be  contained  in  one  of  the  cups,  and  the  other 
cup  be  filled  with  distilled  water,  the  same^  transfer 
of  either  element  takes  place  into  the  latter  cup, 
according  as  it  is  connected  with  the  one  or  the  other 
of  the  wires  j  and  at  the  end  of  the  experiment  the 
positive  cup  will  contain  the  acid,  and  the  negative 
cup,  the  alkaline  or  earthy  base.  This  curious  species 
of  transfer  may  be  beautifully  illustrated  by  placing 
three  cups,  side  by  side,  in  a  line,  and  connected  toge- 
ther by  moistened  cotton.  Let  a  solution  of  sulphate 
of  potash,  or  of  any  other  neutral  salt  he  put  into  the 
middle  cup,  and  blue  infusion  of  cabbage  into  each  of 
the  others.  When  the  communication  is  made  with 
the  Voltaic  battery  by  immersing  the  wires  into  the 
fluid  in  the  outer  cups,  the  sulphuric  or  other  acid 
will  collect  in  the  positive  cup>  and  render  itis  blue 
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exh limited  by  n  very  moderate  power.  The  former 
effects  are  best  obtained  by  a  battery  brcju§;ht  rapidly 
into  full  action,  by  means  of  strong  acid  solutions 
acting"  upon  the  metallic  plates  j  but  the  latter  arc 
accomplished  with  more  certainty  by  the  continuance 
of  a  more  moderate  and  equal  action  of  the  battery  for 
a  considerable  time,  an  object  which  is  best  attained 
by  weaker  acid  solutions.  Mr.  Singer  has  given 
minnte  directions  as  to  the  best  mode  of  adjusting  the 
diflferent  parts  of  the  apparatus  for  exhibiting  the 
transfer  of  acid  and  alkali,  by  means  of  a  power  not 
exceeding  thirty  pairs  of  two  incb  plates.  An  infu- 
sion of  the  leaves  of  red  cabbage  may  be  made>  by 
adding  two  or  three  drops  of  sulphuric  acid  to  a  pint 
of  water,  and  infusing  in  it  as  many  of  the  minced 
leaves  as  it  will  cover.  After  it  has  remained  a  day 
or  two,  the  fine  red  liquor  should  be  decanted  and  pre- 
served in  a  closely  stopped  bottle.  When  wanted  for 
the  purpose  of  experiment,  a  portion  is  to  be  neutra- 
lized, by  carefully  adding  a  few  drops  of  solution  of 
ammonia,  till  it  assumes  a  blue  colour.  Two  watch 
glasses  are  to  be  filled  with  this  blue  fluid,  and  con- 
nected by  a  moistened  fibre  of  cotton,  or  bibulous 
paper;  they  are  then  to  be  placed  in  the  Voltaic 
circuit,  by  connecting  one  of  them  with  the  positive, 
and  the  other  with  the  negative  wire  of  the  battery* 
In  a  short  time,  the  fluid  which  surrounds  the  negative 
w^ire  will  assume  a  green  colour,  and  that  around  the 
positive  wire  will  be  converted  into  a  red,  in  conse- 
quencc  of  the  double  transfer  of  alkali  and  acid.  The 
decomposition  of  the  whole  of  the  salt  will  be  com- 
pleted in  half  an  hour,  the  fluid  in  the  negative  cup 
becoming  of  a  beautiful  green,  and  that  in  the  posi- 
tive a  bright  red.  If  the  situation  of  the  wires  be 
reversed,  so  that  the  cup  which  was  positive  may  now 
become  negative,  and  vice  versd,  the  colours  will  again 
change ;  the  green  will  first  become  blue,  and  then 
red  ;  and  the  red,  after  first  returning  to  its  original 
blue,  will  become  green.  This  alternate  transfer  may 
be  several  times  repeated  with  one  charge.* 

(66.)  When  different  portions  of  fluid  are  placed  in 
the  same  Voltaic  circuit,  which  is  formed  by  means  of 
several  pieces  of  wire,  establishing  the  connection 
between  the  separate  portions  of  fluid,  the  same 
changes  take  place  in  each,  as  happen  when  the  com- 
muuicating  wire  is  interrupted  by  a  single  portion  of 
fluid.  T bu3 ,  i  f  wa  te  r  be  tb  e  su  bj  e  ct  of  t  h e  c x pe  ri  m  e  n  t, 
oxygen  is  developed  at  all  the  points  of  the  wire,  out 
of  which  positive  Electricity  is  flowing  into  each  portion 
of  water ;  and  hydrogen  is  disengaged  from  the  other 
extremity  of  the  same  wire,  which  is  receiving  the 
positive  Electricity  from  the  water.  Thus  every  inter* 
mediate  wire,  between  those  in  immediate  connection 
with  the  battery,  is  collecting  and  giving  out  liydrogen 
at  one  extremity,  and  oxygen  at  the  other.  An 
arrangement  of  this  kind  is  shown  in  fig.  13. 

(6*0  The  general  fact  which  has  thus  beenestablisbed 
with  regard  to  the  chemical  agency  of  Voltaic  Electri- 
city is,  that  there  is  one  class  of  bodies,  comprehending 
hydrogen,  the  alkaline  and  earthy  bases,  and  all  metallic 
substances,  which  when  they  exist  in  a  fluid,  and  are 
ill  the  line  of  action  of  the  Voltaic  circuit,  are  impelled 
from  tlie  positive  towards  the  negative  surface,  through 
which  that  influence  is  conveyed  ;  and  that  there  is 
another  class  of  bodies,  consisting  of  oxygen,  chlorine, 
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and  of  the  compounds  in  which  these  elements  predo-  ^ 
minate,  such  as  all  acid  bodies,  which  are  impelled  in  *^^ 
the  contrary  direction,  that  is  from  the  negative 
towards  the  positive  pole.  These  bodies,  after  being 
thus  distributed,  are  retained  at  their  respective  poles 
as  long  as  the  Electric  currents  are  maintained  j  and, 
if  it  be  consistent  with  their  natural  chemical  affinities, 
frequently  enter  mto  combination  with  the  metallic 
or  other  conducting  surface  through  which  the  Electri- 
city is  transmitted  to  the  fluid.  Thus,  if  the  surface 
which  transmits  positive  Electricity  be  an  oxidable 
metal,  such  as  zinc,  it  becomes  oxidated  by  the  oxygen 
which  is  developed  on  that  side  from  the  decompositioa 
of  the  water. 

The  converse  of  this  has  already  been  exemplified,  Susj 
in  the  suspension  of  the  chemical  action  of  the  nitric  of  C 
acid  npon  the  cop|>er  plates  in  the  cells  of  the  battery,  *^  * 
when  the  Electric  circuit  is  completed.  The  same 
result  will  be  obtained  if  a  platina  wire,  proceeding 
from  the  jjositive  pole  of  the  battery,  be  introduced 
into  a  ghuss  filled  with  diluted  nitric  acid.  Let  a 
copper  wire  be  connected  at  one  end  with  the  negative 
po!e,  and  the  circuit  completed  by  plunging  its  other 
extremity  in  the  nitric  acid.  Under  these  circum- 
st<inces  the  copper  will  not  be  acted  upon  by  the 
acid  ^  but  the  moment  the  Voltaic  circuit  is  interrupted, 
it  is  dissolved  rapidly.* 

DecompoMott  of  the  Alkalies  and  Earths, 

($S,)  The  important  facts  which  were  thus  clearly  Ma 
e9tiiblishe<I,  indicated  a  relation  between  the  chemical  ^^^ 
affinities  of  bodies,  and  Iheir  natural  states  of  Elcctri-  ^Y 
city ;  opened  a  wide  field  of  speculation  on  the  whole  ^^^ 
theory  of  Chemistry;   and  pointed  nut  new  paths  of        ! 
discover)'  in  this  department  of  physical  science.     Sir        | 
li.  Davy  pursuing  the  train  of  rea-^oning  which  they 
suggested,  was  letl  to  the  conclusion  that  chemical       j 
affinity  is  destroyed  by  giving  to  a  body  an  Electricity  ^M 
opposite  to  that  which  naturally  belongs  to  it ;  and  ^m 
that  it  is,  on  the  contrary,  increased  by  giving  it  a 
greater  share  of  its  natural  Electricity.     He  thence 
inferred,  that  all  those  bodies  which  possess  a  strong 
chemical  affinity  for  each  other,  such  as  acids  and 
alkalies,  are  naturally  in  opposite  states  of  Electricity. 
By  inducing,  therefore,  upon  any  body  an  Electrical 
state  contrary  to  the  natural  one.  we  may  change  all 
its  chemical  relation*,  and  even  succeed  in  resolving^ 
into   their  elements    substances   which   would    have 
resisted  any  other  mode  of  decomposition.     Guided 
by  a  theory  so  happily  conceived,  and  armed  with  sa 
powerful  an   instrument  of  analysis,    the   geniug  o£ 
Sir  H.  Davy  triumphed  over  every  obstacle,  and  led 
him  on  to  the  brilliant  career  of  discovery,  which  has         , 
constituted  so  distinguished  an  epoch  in  the  history  of 
modern  science. 

(69.)  The  two  fixed  alkalies  had  long  been  suspected  Beea 
of  being  compound  bodies,  but  no  reasonable  con-  ^^°^ 
jecture  had  as  yet  been  fonned  as  to  their  real  compo-    ^ 
sition.     After  encountering  some  dilficulties  in  con- 
triving a  proper  apparatus,  this  great  problem  wns  at 
length  reflolve<l  by  the  following  experiment.     A  small 
piece  of  pure  potash,  which  bad  been  exposed  for  a  fcvr 
seconds  to  ihe  atmosphere,  so  as  to  give,  by  its  having 
imbibed  a  small   quantity   of   moisture,   comlucting' 
power  to  its  surface,  without  percqjtibly  destroying 
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its  aggregation,  was  placed  upon  an  insulated  disc  of 
platina,  connected  with  the  negative  pole  of  the  bat- 
tery,  of  the  power  of  £50  plates  of  six  inches  by  four^ 
in  a  state  of  intense  activity  j  and  a  platina  wire,  cdjb- 
municating  with  the  positive  pole,  was  brought  into 
contact  with  the  upper  surface  of  the  alkali.     The 
rbole  apparatus  was  in  the  open  atmosphere.     Under 
acse  circumstances,  a  vivid  action  was  soon  observed 
tal^e  place.     The  potash  began  to  fuse  at  both  its 
points  of  electrization.     There  was  a  violent  eiTerves- 
cence  at  the  upper  surface  ^  at  the  lower,  or  negative 
surface,  there  was  no  liberation  of  Electric  fluid  ;  but 
small  globules^  having  a  high  metallic   lustre,  and 
being'  precisely  similar  in  visible  characters  to  quick- 
sflver,  appeared  ;  some  of  which  burst  with  explosion 
ad  bright  flame,  as  soon  as  thejr  were  formed  j  and 
thers    remained,   and    were   merely   tarnished,    and 
ly  covered  by  a  white  liira,  which  formed  on  their 
surfaces.     Numerous  experiments  proved   that  these 
globules  were  a  peculiar  inflammable  principle,  the 
basis  of  potash.     The  platina  used  in  the  experiment 
was  in  no  way  connected  with  the  result,  except  as  the 
llieditim  for  exhibiting  the  Electrical  power  of  tie  com* 
position  I  and  a  substance  of  the  same  kind  was  pro- 
duced when    other   metaU,   or   even   charcord,  were 
employed  for  completing  the  circuit.     The  production 
of  this  substance  was  independent  of  the  presence  of 
ir,  for  it  was  obtained  when  the  alkali  wiis   in  the 
cuum  of  an  exhausted  receiver.     By  a  sinnhir  pro- 
cess a   substance   was    procured    from   soda,    wliich 
cxiiibrted  properties  of  an  analogous  nature,  and  which 
proivefl  to  be  the  basis  of  the   mineral*  as  the  former 
,l«as   that  of  the  vegetable  alkiili.     Both   these   sub- 
on  being  examined  in  a  variety  of  ways,  the 
i  of  which  would  be  foreign  to  our  jiresent  pur- 
e,  were  found  to  possess  every  property  which  can 
deemed   essential  to  characterise   the   metals  j  and 
was  concluded  that  the  two  alkalies  are  respectively 
the  oxides  of  these  new  metals.     The  theory  of  the 
decomposition  of  the  alkalies  by  Galvanism,  is  there- 
sofficienlly  obvious,  and   is  only  a  particular  in- 
of  the  general  facts  above  stfited  j  namely,  that 
^  [imbustible  substances  are  developed  at  the  negative, 
rirhUe  oxygen  is  evolved  at  the  positive  wire.     Subse- 
quent experiments  supplied  all  the  proofs  that  were 
requisite  in  confirmation  of  these  views.     When  solid 
potash  or  soda,  in  its  moistened,  or  conducting  state, 
iocludcd  in  glass  tubes,  furnished  with  electrified 
atina  wires,  the  new  substances,  (afterwards  deno- 
1  potassium  and  sodium^)  were  generated  at  the 
tivc  siu-faeesj    the  gas  given  out  at  the   other 
e,  proved,  by  the  most  delicate  examination,  to 
pure   oxygen  j  and  unless  an  excess  of  water  was 
present,  no  gas  was  evolved  from  the  negative  surface. 
(TO.)  The  new  metallic  substances  were  reconverted 
into  potash  and  soda,  by  simple  exposure  to  the  air, 
with  the  oxygenous  part  of  which  they  were  found 
to  have    combined.      If  oxygen   gas   alone  was    in 
contact  with  them,  the  combination  was  immediate  ; 
the    globules    becoming   covered   with  an    alkaline 
When  the  combination  is  more  rapid,  as  hap- 
I  when  they  come  in  contact  with  water,  the  phe- 
aenon  of  the  reproduction  of  the  aikalies  is  attended 
I  the  sudden  extrication  of  light  and  heat.  Thus  were 
the  results  of  analysis  confirmed  by  those  of  synthesis. 
We  forbear  to  detail  the  elaborate  series  of  experi- 
lueats  which  were  made  in   order  to  ascertain  the 


Kinated 


iirface. 


physical  properties  of  these  new  metals,  and  their 
chemical  relations  with  other  bodies,  because  they  relate 
more  properly  to  the  science  of  Chemistry  than  of 
Galvanism;  nor  does  it  come  within  our  province  to 
notice  the  discussions  which  ensued  respecting  the 
nature  of  potassium  and  sodium,  and  the  hypothesw 
that  they  were  compounds  of  other  metallic  baset*  and 
hydrogen  j  an  hypothesis  which  was  afterwards  aban- 
doned. Any  notice  of  the  exjK?riment8  which  appear 
to  indicate  the  metallization  of  ammonia,  must  in  like 
manner  be  omitted  fn  this  place.  We  can  only  slightly 
advert  to  the  decomposition  of  the  earths,  as  being 
among  the  more  direct  results  of  Galvanic  decomposi- 
tion. These  bodies,  which,  having  so  many  properties 
in  common  with  the  alkalies,  might  be  supposed  from 
analogy  to  be  similar  in  their  composition,  were  found 
much  more  difficult  to  decompose,  and  many  ineffec- 
tual attempts  ^vcre  mode  to  effect  their  analysis.  But 
the  difficulty  was,  at  length,  in  some  measure  over- 
come by  mixing  the  earth  with  a  metallic  oxide,  and 
placing  the  mixture  in  contact  with  a  globule  of 
mercury  communicating  with  the  negative  pole  of  the 
battery.  In  this  way  an  amalgam  was  formed,  con- 
sisting of  the  mercury  and  the  metal  of  the  earth 
employed.  A  metallic  basis  appeared  to  have  been 
obtained  from  the  four  earths  which  are  most  capable 
of  forming  neutral  salts  with  acids,  namely  lime, 
barytes,  strontites,  and  magnesia.  To  these  metals 
the  names  of  calcium^  barium,  sironiium,  and  ma^iium, 
were  respectively  applied.  The  remaining  earths, 
namely,  si  lex,  alumina,  zircon,  and  glucine,  were  still 
more  refractory  ;  in  consequence,  probably,  of  the  more 
potverful  affinity  of  their  bases  for  oxygen.  Their 
decomposition  could  not  be  effected  by  the  same  means 
which  had  succeeded  with  the  alkaline  earths  ;  but  it 
was  at  length  partially  accomplished  by  keeping  the 
earth  in  fusion  in  potash,  inducing  upon  it  positive 
Electricity,  and  touching  it  with  a  negative  wire.  An 
amalgam  was  thus  produced,  which  probably  consisted 
of  the  metallic  base  of  the  earth  employed  and  po- 
tassium. Although  by  these  processes  some  of  the 
properties  of  the  metallic  bsises  of  the  earths  have 
been  brought  to  bght,  these  substances  have  never 
been  obtained  in  sufficient  quantity  to  admit  of  any 
accurate  examination, 

(71,)  The  applications  of  the  Voltaic  battery  to  the 
purposes  of  chemical  decomposition  are  various  and 
extensive.  Thus  sulphuric  acid  is  resolved  by  its 
means  into  oxygen  gas,  at  the  positive  wire,  and  sul- 
phur, which  is  deposited  at  the  negative  wire.  Phos- 
phoric acid,  in  like  manner,  yields  oxygen  gas  and 
phosphorus.  Ammonia  separates  into  hydrogen  and 
azote,  with  a  small  proportion  of  oxygen.  Oils, 
alcohol,  and  ether,  when  acted  on  by  a  powerful  bat- 
tery, deposit  charcoal,  and  give  off  hydrogen,  or 
carbu retted  hydrogen.  Mr.  Brande  has  shown  that 
when  animal  fluids  containing  albumen  are  placed  in 
the  Voltaic  circuit,  the  albumen  is  separated  in  combi- 
nation with  alkali  at  the  negative  wire,  and  in  com- 
bination with  acid  at  the  positive  wire.  With  a 
powerful  battery,  it  separates  at  the  negative  wire  in 
the  solid  form  ^  and  with  a  less  power,  in  the  fluid 
form  :  a  fact  which  gives  countenance  to  the  hypo- 
thesis, that  an  Electric  power  is  concerned  in  the 
animfd  process  of  secretion.* 

•  PhittmpMcal  Tramactiam  for  !809»  p.  385, 
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ifi*"- society   of  Dutch  eliemists.      Messrs*  Diemaa  and 

■^*^  Van  Troostwyk  employed  for  this  purpose  a  glass  tube 

one-eigbth  of  an  inch  in  diameter,  and  twelve  inches 

long,  through  one  end  of  which  a  gold  wire  was  in- 

fsertcd,  projecting  abotit  an  inch  and  a  half  within  the 
tube  ;  that  end  being  then  hermetically  sealed.     At 
the  distance  of  five- eighths  of  an  inch  from  the  ex- 
tremity  of  the   first   wire,    another  wire  was  fixed, 
extending  to  the  open  end  of  the  tube.     The  tube  was 
next  filled  mth  distilled  water,  and  inverted  in  a  vessel 
also  contiining  water.     Electrical  shocks   were   then 
passed  between  the  two  ends  of  the  wires  through  the 
water;  and  when  these  shocks  were  sufficiently  strong, 
bobbles  of  air  were  formed   at  each  explosion,  and 
rose  to  the  top  of  the  tube*     As  soon  as  a  sufficient 
quantity  had  collected  to  leave  the  upper  end  of  the 
wire  uncovered  by  the  water,  the  next  shock   that 
wms  passed  set  fire  to  the  mixed  gases,  and  the  water 
rose  again  in  the  tube,  and  entirely  filled  it,  as  at  the 
ootset  of  the  experiment, 
maa^      (77.)  The   principal   difference  in  the  effect  thus 
produced  by  common  Electricity  and  in  that  obtained 
by  Galvanism,  is  that^  in  the  former  case,  the  two 
{■sea  are  obtained  promiscuously  from  both  ends  of 
tlie  wire,  and  not,  as  in  the  latter  case,  the  oxygen 
irom  one  end,  and  the  hydrogen  from  the  other.    The 
decomposition  of  water  is  effected  with  incomparably 
greater  facility  by  Voltaic  Electricity,  since  an  apparatus 
of  Tery  moderate  power  is  sufficient  for  the  purpose  j 
while  it  has  been  generally  thought  necessary  to  use 
L         powerfut  Electrical  machines,  and  large  Leyden  jars 
^L    for  accomplishing  this  object,     Dr,  \V'ollaston,  how- 
^p-  crer,  succeeded  in  producing  a  very  close  imitation  of 
^P"  the  Galvanic  phenomena  of  decomposition  by  ordinary 
p       Electricity,     Perceiving,  with  his  accustomed  sagacity 
and  penetration,  that  the  decomposition  would  depend 
on  duly  proportioning  the  strength  of  the  charge  of 
Electricity  to  the  quantity  of  water  j    and  that  the 
quantity  exposed  to  its  action  at  the  surface  of  com- 
jQunication  depends  on  the  extent  of  that  surface,  he 
h     conceived  that  by  reducing  the  surface  of  commimi- 
V     cation,  the  decomposition  of  water  might  be  effected 
by  smaller  machines,  and  with  less  powerful  excitation, 
than  had  hitherto  been  used  for  the  purpose.     Having 
procured  a  small  wire  of  fine  gold,  and  given  to  it  as 
1  fine  a  point  as  possible,  he  inserted  it  into  a  capillary 

H      |Uss  tube  J  and  after  beating  the  tube,  so  as  to  make 
^     it  adhere  to  the  point,  and  cover  it  in  every  part,  he 
gradually  ground  it  down,  till,  with  a  pocket  lens,  he 

I^Joald  discern  that  the  point  of  the  gold  was  exposed, 
'^lien  sparks  from  a  prime  conductor  of  an  Electrical 
Machine  were  made  to  pass  through  water,  by   means 
^^  a  point  so  guarded,  a  spark,  passing  to  the  distance 
^^  one-eighth  of  an  inch,  would  decompose   water, 
^^"ben  the  point  exposed  did  not  exceed  l*700th  of  an 
*^ch  in  diameter.     With  another  point,  estimated  at 
^^'^ISOOth,  a  succession  of  sparks,  one-twentieth  of  an 
^*[^ch  in  length,  afforded  a  current  of  small  bubbles  of 
^^ir>      With  a  sldl  finer  filament  of  gold,  the  mere  cur- 
^^^nt   of  Electricity,  without  any   discernible  sparks, 
^^^olved  gas  from  w^ater.     The  appearance  of  two  cur- 
^^nts  of  air^may  also  be  imitated,  by  occasioning  the 
:JSlectricity  to  pass  by  fine  points  of  communication  on 
^oth  sides  of  the  water ;    hut,  in  fact,  observes  Br. 
XVollaston,  the  resemblance  is  not  complete  ;  for  in 
^very  way  in  w^hich  he  tried  it,  he  observed  that  each 
Wire  gave  both  oxygen  end  hydrogen  gas,  instead 


of  their  being  formed  separately,  as  by  the  Voltaic    P*rt  ^' 
apparatus.  ^"Si^*^ 

{7S.)  W^hen  a  solution  of  sulphate  of  copper  was  Decompo- 
subjected  to  the  action  of  common  Electricity  by  tion  of 
means  of  these  slender  conducting  wires,  the  metal  ^^^* 
was  revived  round  the  negative  wire.  Upon  reversing 
the  direction  of  the  current  of  Electricity,  the  copper 
was  soon  redissolved,  and  a  similar  precipitate  was 
formed  on  the  opposite  wire,  which  was  now  rendered 
negative.  Analogous  experiments  made  with  other 
metallic  solutions  presented  similar  results.  The 
oxidating  power  of  positive  Electricity  was  also  proved 
by  its  effect  on  vegetable  blue  colours.  A  current  of 
Electric  sparks  was  transmitted  along  the  surface  of  a 
moistened  card,  coloured  with  a  strong  infusion  of 
litmus,  by  means  of  two  fine  gold  points  touching  the 
card  at  the  distance  of  an  inch  from  each  other.  The 
effect,  as  in  other  cases,  depending  on  the  smaUness 
of  the  quantity  of  water,  was  most  discernible  when 
the  card  was  nearly  dry;  In  this  state,  a  very  few 
turns  of  the  machine  were  sufficient  to  occasion  a 
redness  at  the  positive  wire,  very  manifest  to  the 
baked  eye.  The  negative  wire  being  afterwards  placed 
on  the  same  spot,  soon  restored  it  to  its  original  blue 
colour.*  By  employing  an  apparatus  similar  to  that 
of  Br.  WoUaston,  Sir  H.  Bavy  has  effected  the  decom- 
position of  sulphate  of  potash  by  common  Electricity ;  ' 
potash  appearing  at  the  negative,  and  sulphuric  acid 
at  the  positive  pole.f 

(7^.)  The  important  series  of  experiments,  of  which  inference 
we  have   now  given   the   results,  have  removed  all  fs  to  the 
doubt  of  the  identity  of  the  Electricity  evolved  by  itl«"tity  of 
Galvanism,  with  that  excited  by  the  ordinary  Elec-  *^*^ '^^"^• 
trical  machine* 


CHAPTER  V, 

Physiological  Effects, 

(80.)  The  effects  of  Galvanism  on  the  animal  body,  GnlvaniBiii 
are  all  ultimately  referable  to  its  action  on  the  nervous  *ptsupoQ 
system.     The  most  obvious  and  immediate  of  these  ^^^n^^™^* 
effects   are  the  production  of  certain  sensations,  and 
the  excitation    of  muscular   contractions  j    the  more 
remote  and  indirect  effects  are  seen  in  its  influence  on 
the  function  of  secretion. 

1,  Action  of  Galvanism  on  the  external  Senses, 

(81.)    If  any  considerable   portion    of  the    human  Vtrcc^ihm 
body  be  placed  in  the  circuit  of  a  Voltaic  pile  or  bat-  ^[  ^^^ 
tery,  a  distinct  shock  will  be  felt  every  time  that  the  ****^'^^- 
connection  of  conductors  is  made.    For  the  production 
of  this  effect,  however,  it  is  requisite  that  the  cuticle, 
through  which   the  influence  is  to  be  transmitted,  be 
sufficiently  moistened ;  for  in  its  usual  dry  state,  it 
acts  as  a  non-conductor  to  Electricity  of  such  feeble 
intensity  as  that  which  is  presented' by  the  poles  of 
the  Voltaic  Ixittcry.      The  most   effectual   mode  of 
receiving  the  whole  force  of  the  battery  is  to  moisten 
both  hands  with  water,  or,  what  answers  still  better, 
with  brine,  and  grasping  a  silver  spoon  in  each,  to 
touch  one  extremity  of  the  battery  with  one  spoon, 
and  the  opposite  extremity  with  the  other.     Another 

•  Phiiviophical  TraHsaciions/vr  imi*  p,427, 
t  Ibid,  for  18aC, 
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Gnktnism.  mode  is  to  immerse  the  extremities  of  the  two  con- 
dticting  wires  mlo  two  separate  vessels  filled  witb 
water,  into  which  a  finger  af  each  hand  should  be 
plunged. 

{B%)  The  shock  received  from  the  Voltaic  pile  re- 
sembles very  nearly  the  sensation  produced  by  a  weak 
charge  from  a  very  large  Electrical  battery.  It  is 
more  intense  in  proportion  to  the  number  of  alterna- 
tions of  plates  composing  the  pOe,  Twenty  pair  of 
plates  are  sufficient  to  give  a  shock,  which,  when  fully 
received;,  is  felt  in  the  arms.  With  a  hundred  pair  it 
Is  felt  in  the  shoulders*  The  current  of  Electricity, 
which  continues  to  flow  through  the  body  as  long  as 
it  makes  part  of  the  circuit,  generally  manifests  it:self 
Pain  in  the  by  the  continuance  of  a  painful  sensation.  If  it  be 
denuded,  received  by  a  part  of  the  body  from  which  the  cuticle 
has  been  removed,  a  severe  smarting  sensation  is  ex- 
perienced, which,  if  the  denuded  surface  be  large, 
increases  till  it  becomes  almost  insupportable.  The 
imallest  cut,  burn,  or  excoriation,  near  the  part  in  com- 
munication with  the  pile,  will  give  rise  to  this  painful 
feeling,  Wlien  the  cuticle  is  entire,  it  requires  the  accu- 
inulated  power  of  a  number  of  plates  to  produce  any 
sensible  effect ;  but  in  more  sensible  parts,  where  the 
nerves  are  exposed  to  their  action,  a  single  pair  of  plates, 
forming  a  Galvanic  combination »  is  sufHcienI  to  excite 
acute  sensation*  Professor  Hobison  tried  the  experi- 
ment with  the  surface  of  a  cut  which  he  had  accident- 
ally received  I  and  to  which  he  applied  one  of  the 
metallic  substances,  completing  the  circuit  w  ith  other 
parts  of  the  surface  of  the  body  with  which  the  other 
metal  was  in  contact ;  and  afterwards  effecting  a  com- 
munication between  the  two  metals  by  means  of  a 
wire-j  an  acute  pain  was  immediately  felt  in  the 
wound.  He  also  succeeded  in  bringing  on  the  tooth 
ache  by  applying  one  of  the  metals  to  the  nerve  of  a 
carious  tooth »  Humboldt,  who  prosecuted  experi- 
ments on  Gahanism  with  an  ardour  and  perseverance 
which  have  rarely  been  equalled,  informs  us,  that  with 
a  view  of  ascertaining  more  precisely  the  nature  of 
these  effects,  he  purposely  applied  two  blisters  over 
the  deltoid  moscles  of  his  arms.  He  covered  one  of 
the  wounds  with  a  large  silver  medal,  and  the  other 
with  a  plate  of  zinc,  and  by  means  of  a  zinc  wire 
established  a  communication  between  the  two  metals. 
The  result  of  the  contact  was  not  only  a  violent 
smarting  sensation  on  the  blistered  surfaces,  but  an 
alternate  contraction  of  the  muscles  of  the  shoulder 
and  of  the  neck.  When  the  blistered  surfaces  had 
been  exposed  to  the  air  for  the  space  of  half  an  hour, 
so  as  to  have  become  covered  with  effused  lymph,  the 
effect  of  the  Galvanic  contact  was  much  diminished. 
But  when,  under  these  circumstances,  a  few  drops  of 
an  alkaline  solution  were  poured  on  the  coating  of 
lymph,  the  sensibility  was  immediately  restored,  and 
the  pain  became  extremely  violent  \  and  the  contrac- 
tions were  renewed,  and  succeeded  each  other  several 
times  successively.  Not  satisfied  with  these  results, 
he  w^ished  to  obtain  proofs  of  the  further  action  of 
Galvanism  on  the  actions  of  the  blood -vessels.  Having 
abraded  the  skin  of  the  wrist,  attended  with  the  effu- 
aion  of  a  small  quantity  of  blood,  at  the  part  where  the 
radial  artery  is  extremely  superficial,  he  laid  on  the 
wound  a  coating  of  zinc,  which  he  touched  with  a 
silver  coin*  As  long  as  the  contact  continued,  he  felt 
ft  tension  which  extended  to  the  end  of  his  fingers, 
together  wiih  a  shooting  and  tremulous  sensation  in 
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the  whole  extent  of  the  palm  of  the  hand.  This  i 
painful  sensation  becjune  manifestly  more  intense^  \ 
whenever  the  edge  of  the  coin  was  brought  in  contact 
with  the  zinc ;  and  the  irritation  likewise  augmented 
the  discharge  of  blood.  The  coagulation  of  the 
blood,  however,  intercepted  the  action,  and  diminished 
the  effect.  Humboldt  now  took  a  scalpel,  and,  having 
made  a  slight  incision  in  the  part,  the  Galvaoic  pro- 
cess, which  he  continued  for  several  days  successively, 
produced  a  very  decided  inflammation,* 

(83*)  On  another  occasion,  the  same  intrepid  expe- 
rimentalist subjected  the  skin  over  the  trapezius  and 
deltoid  muscles  to  a  trial  similar  to  the  preceding  j  and 
ascertained  that  the  continued  application  of  Galva- 
nism, renewed  the  serous  discharge  from  the  vessels 
of  the  skin,  accompanied  by  a  change  of  colour^  a 
very  acute  pain,  redness,  and  inflammation.  On  re-  n 
peating  this  experiment,  he  remarked  that  the  sensa- 
tion which  Galvanism  excited  in  him,  did  not  appear 
to  have  the  slightest  resemblance  with  that  which  ia 
occasioned  by  Electricity.  It  appcaread  to  him  to  be 
a  pain  of  a  very  particular  and  distinct  nature.  It  Id 
to  be  observed,  however,  that  Humboldt  had  adopted 
the  opinion,  that  the  agents  which  produced  Electric  U 
and  Galvanic  effects  were  distinct  from  one  another.         I 

(84.)  Volta  has  remarked,  that  the  action  of  the  D| 
pile  on  the  parts  where  the  true  skin  has  been  laid  ^^ 
bare>  was  productive  of  a  sharper  kind  of  pain  on  the  Ji'* 
negative  side  of  the  apparatus,  that  is,  where  the  posi- 
tive Electricity  flowed  out  from  the  wound,  than  where  ^ 
it  entered.  This  fact  had  previously  been  noticed  . 
with  regard  to  the  pungency  of  the  common  Electric  ] 
spark  »t  1 

(85.)  If  any  part  of  the  face  near  the  eyes  be  in-  P«| 
eluded  in  the  circuit  of  the   battery,  a  vivid   flash  of^f' 
light  is  perceived  at  the  moment  of  contact  by  the 
person  on  whom  the  experiment  is  made.     This  sensa- 
tion is  felt  whether  the  eyes   be  open  or  closed,  or 
whether  it  be  made  in  day  light  or  in  the  dark  j  it 
depends  evidently  on  an  impression   produced  on  the 
retina,  or  optic  nerve,  similar  to  that  which  is  excited      i 
by  the  admission  of  light  to  the  eyes.     It  is  a  phenome-      | 
non  analogous  to  the  effect  of  a  blow  on  the  eye,  which 
excites  the  sensation  of  a  bright  luminous  corusca- 
tion, although  no  light  be  really  present.     If  the  pupil      . 
of  the  eye  be  attentively  watched  in  this  experiment^      1 
it  will  be  seen  to  contract  as  often  as  the  metals   are 
brought  into  contact.    The  flash  of  light  produced  by 
a  pile   which  contained  111  plates  of  silver  was  so 
powerful,  that  the  physiologist  who  m*idc  the  experi- 
ment was  not  disposed  to  repeat  it.  J     But  the  sim- 
plest Galvanic  combination,  if  applied  to  the  tongue  and 
lips,  is  sufficient  to  occasion  the  perception  of  a  flash  j 
while  at  the  same  time  a  strong  metallic  taste  is  per- 
ceived on  the  tongue,  where  it  is  in  contact  with  one  of 
the  metals.     The  most  effectual  mode  of  obt^iining  the 
flash,  is  to  place  one  metal  between  the  upper  lip  and 
the  gums  ;  or  to  insert  a  wire  of  one  metal  into  the 
nostrils,  while  a  plate  of  the  other  metal  is  laid  upon 
the  tongue,  and  then   effecting  the  contact  between     j 
them.     It  is  also  produced  by  covering  the  bulb  of     I 
the  eye  with  tinfoil,  placing   a  silver  spoon   in  the 
mouth,  and  then  completing  a  metallic  communication 


•  Wilkinson,  ElementJ,  i.  161,  284,  and  29& 
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witmu  between  the  tinfoil  and  the  frpoon  ;  or  the  tinfoil  may 

/*^^  be  filaeed  upon  the  tongue,  while  the  rounded  end  of 

s  ^ver  probe  is  applied  to  the  internal  angle  of  the 

g^BMf      ^^^  peculiar  taste  above  alluded  to,  is  perceived  on 

Mft       piacing'  one  of  the  metals  on  the  upper,  and  the  other 

oti  the  ttnder  surface  of  the  tongue,  whenever  these 

metalA  are  broug^ht  into  contact.     This  fact  was  the 

first  phenomenon  strictly  appertaining  to  Cialvanismj 

that  bad  been  noticed  :  it  was  originally  mentioned  by 

Siibier,  a  German  metaphysical  writer,  in  a  work  pub- 

tfsiied  in  1767,  entitled  The  General  Th&wy  of  PkaKures, 

The  experiment  was  varied  by  Humboldt  in  the  fol- 

kiwiog  manner.     By  applying  a  flattened  piece  of  stinc 

la  ooe  of  the  surfaces  of  the  tongue,  and  a  flattened 

piece  of  silver  to  the  other  surface,  without  either  of 

theii*  coatings  touching  the  other,  but  each  of  them 

provided  with  a  long  iron  wire  ;  and  by  passing  the 

wmSy  iQ  a  pfirallel  direction  through  a  door,  behind 

-wiiicb   they  may  be  brought  together,  and  separated 

lilemately  ;  the  person  who  makes  the  experiment 

mmSf  ascertain,  by  the  taste  he  feels  on  his  tongue, 

vtether  the  extremities  of  the  wires  are  in  contact, 

Tbe  presence  of  saliva  is  essentially  connected  with 

^    production  of   this   phenomenon-      Fabroni   re- 

1^    narkeit,  that  when  he  wiped  his  tongue  with  all  posai- 

^m    ble  care,  the  sensation  resulting  from  the  contact  of 

^1    fte  metals  was  diinioished  to  such  a  degree  as  to  be 

^p      icarcdy  distinguishable. 

"  (86.)  A  difference  has  been  remarked  in  the  taste 

^         ^reetved  by  the  tongue,  according  to  the  metal  which 

Ik     IftUd  opon  it  ;  zinc  giving  rise  to  an  acid,  and  silver 

^H     to  aa  sQStere^  or  alkaline  taste.   It  is  augmented  when 

^H    oae  af  the  metals  has  been  rubbed  over  with  mercury, 

^P     wUcb  renders  the  contact  more  perfect.     When  tlie 

f        piMrer  of  several  plates  is  cnrnhined,  all  these  cifects 

i«!  augmented,  and  attentled  with  an  abundant  dis- 

diaTge  of  saliva.     Professor  Robisou  remarked,  that 

^^     Ilia  drinking  porter  out  of  a  pewter  pot  produces  a 

^1     moK  brisk  sensation  than  when  it  is  taken  out  of  a 

^M     ^iMt  ve«§ei  5  which  he  ascribes  to  a  Galvanic  effect. 

^P      la  thia  Instance  there  is  a  combination  of  one  metal 

^^      M  two  dissimilar  fluids,  which,  as  we  shall  afterwards 

ftiwl,    constitutes  a   Galvanic  circle.     In    the  act   of 

4iakiog  one  side  of  the  pewter  pot  is  exposed  to  the 

atioii  of  the  saliva  which  moistens  the  lip,  while  the 

^Qicr  fnetallic  side  is  in  contact  with  the  porter  j  the 

tkcolt  being  thus  completed,  an  agreeable  relish  is 

^^mmnntcated  to  the  latter  when  it  comes  in  contact 

"Hitli  the  tongne. 

_      (87.)  The  following  experiment  of  Volta  is  another 

^Xhistmtion   of  the   same  general  fact.      He  took   a 

sin  of  zinc,  placeil  it  on  a  silver  stand,  and  filled  it 

water     When  a  person  applied  the  tip   of  his 

to  the  water,  he  found  it  perfectly  tasteless  as 

as  he  did  not  touch  the  silver  stand  j    but  when- 

rar  tie  laid  hold  of  the  stand  with  the  hand  previously 

he  experienced  on  the  tongue  a  strong 

taste.     This  experiment  will  succeed,  although 

e^ct  be  weaker,  with  a  chain  of  several  persons 

hold  each  other's  hands,  after   lliey  have  been 

^anoistened  \*ith  water  }   w^hile  the  first  person  applies 

^^be  tip  of  his  tongue  to  the  water  in  the  basin,  and 

^^Jbe  laat  lays  hold  jf  the  silver  stand.* 

(88.)  With  a  view  of  increasing  the  effect  resulting 


from  a  single  pair  of  plates  of  different  metals.  Pro-    Ptrt  It  \ 

fessor  RobiisOn  arranged  a  series  of  zinc  and   silver  ^•-^-v'-^b^ 

plates,  about  a  quarter  of  the  size  of  a  shilling  so  as  to 

form  a  rouleau  ;  and  on  applying  his  tongue  to  the 

edge  of  the  rouleau,  the  sensation  experienced   was 

more  manifest  than  when  a  single  pair  was  employed  r 

but,  for  reasons  that  will  appear  hereafter,  its  power 

was  not  in  other  respects  more  considerable.     The 

same  phHoaopher  also  states,  that  he  could  ascertain 

from  the  peculiar  impression  made  upon  the  tongue  on 

the  application  of  gold  or  silver  trinkets,  whether  any 

solder  was  employed  in  making  them* 

(89.)  It  may  here  be  observed,  that  common  Electri- 
city received  by  the  tongue  excites  sensations  very 
analogous  to  those  which  result  from  Galvanism.  Ber- 
zelius  remarks  that  positive  and  negative  Electricity 
may  be  readily  distinguished  by  the  taste,  on  making 
the  Electric  current  pass  by  means  of  a  point  to  the 
tongue.  The  taste  of  positive  Electricity  is  acid  j  that 
of  negative  Electricity  is  more  caustic,  and,  as  it  were, 
alkaline. 

(90. )   CavaDo  conceived  that  he   had   proved,  by  Effects  of 
the  following  experiment,  the  influence  of  Galvanism  Galvanism 
on  the  olfactory   nerves.     Having  brought    together  ^^         ^ 
a  silver  thread,   forced   as   high   up  as  possible  into  gj^tJl  and 
the  nostril,  and  a  piece  of  zinc,  laid  on  the  tongue,  UeMing, 
he   was   sensible  of  a  putrid   smell,  more  especially 
after  having  forcibly  pulled  the  silver  in  the  nostril* 
This   experiment   has   however   been  frequently    re- 
peated   by    Reinhold,    Fowler,   and   others,   without 
any  such    result  having   been    obtained.      Attempts 
have  likewise  been  made  to  excite  the  auditory  nervea 
by  Galvanism    so   as   to  give  rise  to  perceptions  of 
sound  J    but    hitherto    without    the    least    success : 
unless  we  consider  as  such  the  experiment  described 
by  Volta,  who  after  having  introduced  into  each  ear  a 
blunt  metrdlic  probe,  and  directed  through  the  head, 
by  their  means,  a  current  of  Voltaic  Electricity,  was 
sensible  of  a  peculiar  sound,  shtitlar  to  that  of  ebulU* 
tion  or  decrepitation.     He  did  not  think  it  safe^  how- 
ever, to  repeat  this  experiment. 

2.  Ejcitaiioti  of  Muscular  ContraHiom  by  Galvanism. 

(91.)  The  physiological  effects  of  Galvanism  which  Muscular 
almost  exclusively  occupied  the  attention  of  philoso-  contrac-. 
phers,  previous  to  the  discovery  of  the  pile,  were  those  ^^^^^* 
in  which  contractions  in  the  muscular  parts  of  animals 
were  exhibited.     It  was  the  observation  of  a  fact  of 
this    kind    by   Galvani  which  gave  rise   to   the    first 
inquiries   on   the    subject,   and    which  may    be    said 
to    have   laid   the    foundations  of  the  science   which 
now  bears  his  name*     The  source  of  that  surprising 
power  which  called   forth  snch  sudden  and  forcible 
muscular  contractions,  as  took  place  when  the  nerve 
and  muscles  of  the  limb  of  a  frog  were  respectively  in 
contact  with  different  metals,  which  were  themselves 
made  to  communicate,  cither  directly  or  by  the  inter* 
medium  of  other  metals,  was  most  anxiously  sought 
for  :  and  it  was  not  till  after  a  long  period  of  laborious 
research,  in  which  a  prodigious  number  of  experi- 
mentalists  in    every   part   of  Europe   engaged,    and 
occcas  ion  ally    involved    themselves    in    inextricable 
mazes  of  perplexity,  that  the  identity  of  the  Galvanic 
and  the  Electric  agencies  was  recognised  and  finally 
estalilished.     An  opiuion  had  been  very  prevalent,  that  Ascribed 
the  real  source  of  the  power  developed  existed  in  the  ^  ammfd 
muscle  9Md  nerve  which  farmed  part  of  the  circuit  |     ecuriciy. 
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and  that  the  metaU  wHcIi  composed  Die  other  part^ 
acted  merely  as  tlie  comluctors  by  which  that  iigency 
was  transferred  from  tkc  one  to  the  other  of  these 
animal  structures.  The  discoveries  of  Volta»  relative 
to  the  Electrical  agencies  of  the  pile,  dispelled  this 
error,  by  proving^  that  the  source  of  power  resided  in 
the  Galvanic  arrangement  of  the  metals  themselves, 
when  combined  with  certain  fluids  :  and  placed  beyond 
the  reach  of  controversy  the  fundamental  principle 
that  this  power  was  Electricity,  From  this  period 
the  excitation  of  muscular  contractions  was  regarded 
merely  as  one  of  the  effects  of  the  passage  of  Electri- 
city through  the  animal  organs,  and  ceased  to  attract 
attention  as  manifesting  the  operation  of  some  hidden 
energy  peculiar  to  the  nervous  and  muscular  systems 
of  animal  life, 

(9*^.)  Viewed  in  this  light,  then,  the  innumerable 
phenomena,  which  have  presented  themselves  in  the 
course  of  the  inquiry*  relative  to  animal  Galvanism, 
may  all  be  reduced  to  the  following  general  fact : 
namely,  that  when  a  certain  portion  of  a  nerve,  which 
ifl  distributed  to  any  muscle,  is  made  part  of  a  Galvanic 
circuit,  contractions,  generally  of  a  violent  and  con- 
vulsive kind,  are  produced  in  that  muscle.  The  varie- 
ties of  form  of  which  the  experiment,  which  has  thus 
been  stated  in  general  terms,  is  susceptible  are  endless  j 
and  will  readily  present  themsehca  to  those  who  are 
in  possession  of  the  principles  which  we  have  already 
explained  with  regard  to  the  conditions  on  which 
Galvanic  effects  are  dependent.  We  shall  therefore 
content  ourselves  with  pointing  out  a  few  of  the 
clearest  and  most  striking  instances, 

(93.)  The  limbs  of  a  frog,  being  peculiarly  suscep- 
tible to  the  influence  of  Galvanism,  have  been  generally 
chosen  as  the  fittest  for  such  experiments.  In  order 
to  prepare  them  for  this  purpose,  it  will  be  found  most 
convenient  to  separate  the  head  and  upper  extremities 
from  the  rest  of  the  body,  and  to  remove  the  contents 
of  the  abdomen,  and  also  the  skin  of  the  lower  ex- 
tremity. The  great  bundle  of  nerves,  which  forms 
what  is  called  the  sciatic  nene,  and  is  distributed  to 
the  muscles  of  the  thigh  and  leg,  may  then  be  dis- 
tinctly seen  on  each  side.  The  spine  may  then  be 
separated  below  the  origin  of  these  ncr\'eSj  so  that  it 
may  remain  attached  to  the  legs  by  the  nerves  only. 
All  the  superfluous  part  of  the  spine  is  to  be  cut  off, 
and  the  small  piece  that  remains  attached  to  the 
nerves,  together  with  the  nerves  themselves,  arc  to  be 
wrapped  round  with  tin -foil.  If  the  legs  be  now 
placed  on  a  piece  of  silver,  and  the  tvi'o  metals  be 
brought  into  contact,  or  be  made  to  communicate 
with  one  another  by  a  wire  of  metal,,  violent  contrap- 
lions  will  immediately  be  excited  in  all  the  muscles  of 
the  limbs ;  and  these  motions  will  be  renewed  as  often 
as  the  contac;t  is  made  between  the  conducting  wire 
and  the  two  metals,  and  as  long  as  the  muscle  retains 
its  irritability. 

(94.)  Similar  effects  are  produced  if  the  different 
metals  are  in  contact  in  any  part  of  the  circuit,  and  a 
eommunication  be  made  by  tluid  conductors  with  the 
nerve  and  muscle.  It  has  been  ascertained  by  Dr. 
Fowler,  that  provided  the  Galvanic  inHnencc  passes 
through  a  portion  of  the  nerve,  it  is  not  necessary  that 
the  muscle  be  comprehended  in  the  circuit  of  this 
influence  j  for  the  moisture  which  covers  the  surface, 
and  pervades  the  substance  of  the  muscle  is  stil!icient 
lo  perforiT   the  ofBce   of  a  conductor^     Humboldt 


found  that  the  Galvanic  influence  was  communicable 
through  a  series  of  several  persons  who  joined  their 
hands,  previously  moistened,  in  order  to  render  the 
cuticle  sufficiently  conducting.  Having,  in  the  course 
of  his  laborious  researches,  composed  a  chain  of  seven 
or  eight  persons,  he  occasionally  remarked  that  the 
movements  of  the  muscles  did  not  take  place,  until 
one  person,  who  constituted  part  of  the  chain,  had 
quitted  it.  He  was  frequently  at  a  loss  to  discover 
the  non-conducting  individual,  until  all  the  persons 
who  composed  the  chain  had  withdrawn  from  it  in 
succession.  It  was  in  vain  that  this  individual  wetted 
his  hands  ;  nothing  could  give  them  that  condncting 
property  which  nature  seemed  to  have  refused  lo  him. 

(95,)  The  same  process  applied  to  other  animals, 
and  even  to  the  human  body,  will  succeed  in  producing 
similar  effects.  In  the  hospital  of  St.  Ursula,  at  Bo- 
logna, similar  trials  on  the  amputated  legs  and  arms  of 
patients  were  made  with  perfect  success.  These  experi- 
ments have  been  repeated  by  a  great  many  physiolo- 
gists, and  varied  in  a  great  number  of  ways,  with 
similar  results.  When  large  animals  are  made  the 
subject  of  experiment,  and  the  power  of  the  Voltaic 
pile  or  battery  is  employed,  the  effects  are  exceedingly 
striking,  and  sometimes  terrific  in  the  eyes  of  the 
spectator,  who  can  scarcely  persuade  himself  but  that 
the  convulsive  movements  he  beholds  are  indications 
of  returning  life,  and  of  the  most  acute  suiFering.  If 
two  wires  he  placed  in  the  ears  of  an  ox,  sheep,  or 
other  animal  soon  after  its  death,  and  one  of  the 
wires  be  connected  with  one  pole  of  a  battery  of  a 
hundred  plates  j  whilst  the  other  wire  is  brought 
occasionally  in  contact  with  the  opposite  pole,  at  every 
completion  of  the  circuit  very  strong  muscular  actions 
will  be  excited  j  the  eyes  will  be  seen  to  open  sponta- 
neously, and  roll  in  the  sockets  as  if  endued  with  the 
power  of  vision  ;  the  pupils  at  the  same  time  becoming 
dilated  :  the  nostrils  will  vibrate  in  imitation  of  the  act 
of  smelling ;  and  the  jaws  will  immediately  begin 
their  usnal  actions  of  mastication.  These  convulsive 
actions,  when  the  head  is  still  warm,  and  has  not  long 
been  separated  from  the  body  of  the  animal,  are  very 
considerable.  The  ears  move  with  great  activity  and 
force ;  and  when  the  tongue  has  been  previously 
drawn  out,  and  secured  to  the  table  by  an  iron  skewer, 
which  is  made  to  penetrate  more  than  half  an  inch 
into  the  wood,  it  is  retracted  with  such  force  on  the 
application  of  Galvanism,  as  lo  detach  the  skewer 
from  the  table,  and  to  throw  it  up  into  the  air  to 
a  considerable  height.  An  entire  sheep  subjected 
to  the  action  of  the  battery  exhibited  motions  re- 
sembling the  convulsive  struggles  of  animals  in  an 
epileptic  state,  and  much  more  powerful  than  the 
natural  actions.  Two  horses,  recently  killed,  which 
Mr.  Wilkinson  galvanised,  required  two  persons  to 
restrain  the  motions  of  each  of  the  legs.* 

(96.)  Similar  experiments  have  often  been  made 
both  in  this  country  and  on  the  continent,  and  on  the 
bodies  of  criminals  soon  after  their  execution,  Vas- 
sali-Eandi,  in  conjunction  with  his  friends  Giulio,  and 
Rossi,  made  a  great  number  on  several  victims  to  the 
guillotine  at  Turin. t  Aldini,  by  operating  with  a 
considerable  series  of  plates,  on  the  body  of  a  criminal 
executed  at  Newgate,  produced  violent  agitations  of 

*  Wilkinson^  KlemenU^  \u  464. 
t  Jmrnai  de  Phtfti^ut,  \y,  286* 
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|t  the  limbs  :  the  eyes  opened  and  shut  j  the  mouth  and 
j^jaws  worked  vehemently  j  and  the  whole  countenance 
was  thrown  into  hideous  convulsions.     Dr.  Ure  per- 
formed similar  experiments  at  Glasgow,  nn  the  hody  of 
a  murderer  which  was  given  up  to  him  for  dissection, 
A  pointed  rod  connected  with  one  end  of  the  battery 
was  introduced  into  an  incision  made  in  the  nape  of 
^  the   neck,   so    as   to   be   in  contact    with  the  spinal 
niarrow,  while  another  rod  was  applied  to  the  sciatic 
nerve.     On  applying  the  power  of  a  battery  of  '2*0 
pairs  of  four  inch  platesj  every  muscle  of  the  body  was 
a^tated  with   convulsive  movements,   resembling    a 
"     lent  shuddering  from  cold.     On  moving  the  second 
from  the  hip  to  the  heel,  where  an  incision  had 
%Ibo  been  made,  the  knee  being  previously  bent,  the 
leg  was  thrown  out  with  such  violence,  as  nearly  to 
overturn  one  of  the  assistants,  who  in  vain  endeavoured 
to  prevent  its  extension.     The  muscles  of  respiration 
urere  called  into  action  by  directing  the  influence  of 
Galvaoism  through   the    phrenic   nerve,  so   that  the 
chest  heaved  and  fellj  as  in  natural  breathing.     The 
^jnpra-orbital  nerve  was  laid  bare  in  the  forehead,  and 
^^kie  conducting  rod  being  applied  to  it^  and  the  other 
^^Btlt  heel,  most  extraordinary  grimaces  were  exhi- 
^Hntcderery  time  the  Electric  discharges  were  made  : 
^^*eTffy  muscle  in  the  countenance  was  simultaneously 
tfiroflnj  into   fearful   action  ;    rage,   horrorj    despair, 
ao^ish,   and    ghastly   smiles,   united    their   hideous 
expression  in  the  murderer*9  face,  surpassing  far  the 
wildest  representations  of  a  Fuseli  or  a  Kean.     At  this 

bpcricnJ  several  of  the  spectators  were  forced  to  leave 
tte  apartment  from  terror  or  sickness,  and  one  gen- 
_  knan  fainted."  The  last  experiment  consisted  in 
transmitting  the  Electric  power  from  the  spinal  marrow 
to  tlie  ulnar  nerve  at  the  elbow  j  *'  the  fingers  now 
ttoTed  nimbly,  like  those  of  a  violin  jjerformer.  An 
uautant,  who  tried  to  close  the  fist,  found  the  hand 
open  forcibly  in  spite  of  his  efforts.  When  one  rod 
*w  applied  to  a  slight  incision  in  the  top  of  the 
wt^finger^  the  fist  being  previously  clenched,  that 
fingw  extended  instantly  j  and  from  the  convulsive 
•gitation  of  the  arm,  he  seemed  to  point  to  the 
^ItlTcreDt  spectatorsj  some  of  whom  thought  he  had 
come  to  life."* 
(97.)  Every  species  of  animal  appears  to  be  sus- 
'iblc  of  the  Galvanic  influence.  The  nervous 
oizalion  of  fishes  particularly  adapts  them  to  these 
triments.  Humboldt  has  made  a  great  number  on 
to  dass  of  animals.  "  I  have  seen,*'  he  observes, 
**  hh(t%,  the  heads  of  which  had  been  cut  off  half  an 
fore,  strike  with  their  Galvanised  tail  in  so 
L  a  manner,  that  the  whole  of  the  body  was 
raised  considerably  above  the  table  on  which  they 
*^re  pliced."  When  the  excitation  was  increased  by 
^'^.ulint;  solutions,  or  by  chlorine,  the  struggles  of  the 
^^lies,  more  particularly  of  eels  and  tench,  were  such 
wat  it  was  scarcely  possible  to  master  them.  The 
lu^test  contact  of  metallic  substances  made  them 
^g  to  a  considerable  distance*  If  a  live  flounder 
w  pUccd  in  a  dish  upon  a  slip  of  zinc,  and  a  shilling 
"t  placed  on  its  back  ,  whenever  the  zinc  and  shilling 
*^c  brought  into  metallic  communication  by  means  of 
'^^ifc,  atrong  muscular  actions  are  excited. 

(^8.)  Some  of  the  animals  belonging  to  the  class  of 
^erm^  exhibit  their  sensibility  to  Galvanism  in  a  very 
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decided  manner.  Let  a  crown  piece  be  placed  upon  ^'"t  l'- 
a  plate  of  zinc  of  larger  size^  and  a  leech  be  put  upon 
the  silver  coin ;  as  long  as  it  remains  in  contact  with 
the  silver  only  it  will  betray  no  uneasiness  :  but  no 
sooner  does  it  stretch  out  its  head  so  as  to  touch  the 
zinc,  than  it  immediately  recoils  as  if  it  experienced 
a  painful  shock.  The  same  happens  if  an  earth  worm 
be  made  the  subject  of  a  similar  experiment.  The 
n<m,  which  is  an  aquatic  worm,  also  exhihits  these 
efifects  in  a  very  striking  manner.  Humboldt  like- 
wise found  that  the  lermBa^  or  water  serpent^  and 
even  the  ttFnia,  ascaris,  and  other  species  of  intestinal 
worms>  had  their  movements  evidently  accelerated  by 
the  influence  of  Galvanism.  This  was,  however,  at 
the  expense  of  their  life. 

(99.)  The  physiological  condition  of  the  amphibia 
renders  this  class  of  animals  peculiarly  fitted  for  the 
exhibition  of  the  effects  of  Galvanism,  both  on  account 
of  the  great  susceptibility  to  its  influence  which  is 
inherent  in  their  nervous  system,  and  on  account  of 
the  extraordinary  tenacity  of  the  powers  of  life  which 
characterises  them.  The  muscular  and  nervous  organi- 
zation of  a  frog  has  accordingly  been  considered  as 
the  most  delicate  electroscope  in  nature.  It  is  incom- 
parably more  sensible  to  the  Electricity  developed  by 
the  contact  of  two  dissimilar  metals  than  the  gold- 
leaf  electrometer  of  Bennet.  But,  on  the  other  hand, 
it  is  much  inferior  to  the  Electro-Magnetic  multiplier, 
of  which  we  have  already  given  a  desmpUon. 

( 100.)  Volta  had  asserted  that  the  heart,  and  other 
muscles  whose  action  is  not  under  the  guidance  of 
the  will,  were  incapable  of  being  afl'ected  by  Gal- 
vanism I  but  Fowler  has  sufliciently  shown  that  they 
might  be  acted  upon,  if  the  experiment  be  properly 
conducted  :  and  his  results  were  confirmed  by  Vassali, 
who  proved  that  not  only  the  heart,  but  the  muscular 
fibres  of  the  stomach  and  intestines  might  also  be 
excited  by  Galvanism.  Humboldt  succeeded  in  pro- 
ducing contractions  in  the  hearts  of  frogs,  lizards,  and 
toads ;  and  also  in  those  of  fishes.  Similar  results 
were  obtained  by  Nysten,  who  published  an  elaborate 
Treatise  on  the  subject.*  Bichat  was  of  opinion  that 
the  nerves  connected  with  the  great  sympathetic,  and 
with  the  ganglia  belonging  to  those  which  are  distri- 
buted to  the  organs  of  what  he  calls  the  organic 
functions,  are  much  less  susceptible  to  the  action  of 
Galvanism,  than  the  nerves  which  supply  the  volun- 
tary muscles. t  Circa ud  conceived  he  had  discovered 
that  the  fibrin  of  the  blood,  immediately  after  it  has 
been  taken  from  the  vessels,  could  be  made  to  contract 
by  the  Galvanic  apparatus,  DelaMetherie  confirmed 
the  statement  of  Circaud  ;  but  the  experiment  has  not 
succeeded  in  this  country,  even  when  conducted  in 
the  most  careful  manner  When  we  consider  the 
difficulty  and  delicacy  of  the  process,  we  may  be 
allowed,  indeed,  as  Dr.  Bostock  observes,  without 
impeaching  the  veracity  of  the  narrators,  to  entertain 
some  doubts  on  the  subjectt 

3.  Infiticnce  of  Galvanism  on  arterial  action  and  secretion, 

(lOl.)  The  influence  of  Galvanism  on  the  actions  of  On  Arterial 
the  arteries,   both  in  augmenting  the  force  of  their  ftction. 

•  XQui'dki  Exp/ritHifs  GuhnmipieM^  1803.     Sec  ^\&o  Journal 
tie  Ph^sique\  h%  465. 
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Gidiraiiijimi  contractions,  in  inducing^  beniorrbagic  and  inflamma- 
^■■"■"V'^  tory  actiona,  and  in  increasing  and  afifecting  the  nature 
of  the  secretions^  haa  been  jj  roved  by  a  great  number 
of  facts.  The  most  remarkable  of  the^ie  latter  eflfecte 
are  those  which  have  been  lately  established  by  the 
researches  ofDn  Philip^  who  fourid  that  the  secretion 
of  the  gastric  juice  in  tbe  storaacli,  which  bad  been 
suspended  by  the  division  of  tbe  eighth  pair  of  nerves, 
was  restored  on  establishing  tbe  Voltaic  current  of 
Electricity  through  the  di^'ided  portion  of  the  nerves 
Beatt  to  the  stomach.  The  accuracy  of  the  experi- 
ments on  which  this  conclusion  is  founded,  was  lor  a 
long  time  disputed  j  but  it  has  lately  been  satis- 
factorily established,  by  their  careful  repetition  at 
the  Royal  Institution  by  Dr,  Philip,  in  conjunction 
with  Mr.  Brodie,  It  appears,  then,  from  these  facts^ 
that  tbe  Galvanic  energy  is  capable,  under  certain 
aadElecrric  circumstances,  of  supplying  tbe  place  of  the  nervous 
Agencies.  inEuence;  so  that  by  means  of  its  assistance  the 
fltomach,  otherwise  Inactive,  digests  food  as  usual. 
Pr.  Fhilip  has  advanced  a  step  funber  in  the  inferences 
lie  draws  from  tbe^e  e^s  peri  men  ts^  and  thinks  they 
€«tabbsh  the  '*  identity  of  Galvanic  Electricity  and 
nervous  influence/'  Our  limits  preclude  us  from 
entering  into  the  discussions  of  this  question,  which 
has  given  rise  to  much  controversy,  and  which,  although 
one  of  great  interest,  is  more  of  a  physiological  nature, 
than  appertauiing  to  our  present  subject,  We  shall 
only  observe^  that  although  it  muat  be  allowed  that  a 
considerable  andogy  has  thus  been  shown  to  exist 
between  the  nervous  and  Electric  agencies,  yet  it  may 
with  great  probability  be  supjiosed  tliat  the  Galvanic 
influence  may  operate  more  as  "a  powerful  stimulus, 
€xciting  the  remaining  portion  of  nerve  tbrougli  which 
it  is  transmitted  to  perforin  such  an  iacrefise  of  action, 
as  may  compensate  tor  tbe  want  of  tbe  princijial  trunk 
of  the  nerve. 

(102.)  Dr.  Philip  appears  also  to  have  succeeded  in 
showing,  tliat  the  Galvanic  influence  occasions  an 
evolution  of  caloric  from  arterial  blood,  if  tbe  latter 
be  subjected  to  it  as  soon  as  it  leaves  tbe  vessels  ;  but 
that  it  produces  no  such  effect  on  venous  blood. 
When  the  lungs  and  muscles  of  respiration  are  de- 
prived of  their  due  proportion  of  nervous  influence^  so 
that  their  functions  are  impeded,  and  the  breatldng 
has  become  diffictilt  and  laborious,  mcreased  facility 
is  obtained  in  carrying  on  these  movements,  by  the 
stimulus  of  tbe  Galvanic  power.  He  has  therefore 
proposed  its  employment  as  a  remedy  for  asthma, 
and  gives  aevend  cases  in  which  it  was  used  with 
decided  bencflt* 

GalvfinUm  (103.)  The  probability  that  animal  secretions  arc 
concerned  ^ected  by  tbe  agency  of  an  Electric  power  operating 
,^  ^  '""*  ng  in  ^e  Galvanic  circuit,  is  an  idea  that  occurred  to  Dr. 
Wollaston  and  to  Dr.  Young,  and  which  is  corro- 
borated by  the  existence  of  this  power  in  some  lishes, 
as  already  adverted  to,  and  by  the  probability  of  the 
universal  prevalence  of  similar  powers  of  lower  inten- 
sity in  other  animals,  derived  from  the  suddenness 
with  which  the  nervous  influence  is  commimicated 
from  one  part  to  another  in  the  living  system.  Dr. 
Wollaston  proved  by  an  experiment,  that  the  weakest 
Electric  energies  may  be  capable  of  producing  similar 
effects  to  those  obtidned  by  powerful  batteries^  tdthough 


in  scLTe 
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they  would  require  a  time  proportionally  great  j  such  I 
may,  therefore,  be  the  case  with  animal  secretions*  ^ 
The  tjualities  of  each  secreted  fluid,  be  observes^  may 
hereafter  instruct  us  as  to  the  species  of  Electricity 
that  prevails  in  each  organ  of  the  body.  Tbe  general 
redundance  of  acid  in  the  urine,  for  instance,  though 
secreted  from  blood  that  is  known  to  be  alkaline, 
appears  to  indicate  in  the  kidneys  a  state  of  positive 
Electricity ;  and  since  the  proportion  of  alkali  in  the  bile 
seems  to  be  greater  than  that  contained  in  the  blood  of 
the  same  animal,  it  is  not  improbable  that  tbe  secreting 
vessels  of  the  liver  may  be  comparatively  negative. 

It  becomes,  therefore,  an  interesting  object  to 
inquire,  what  other  organs  also  may  be  considered  as 
permanently  diflerent  in  their  state  of  Electricity  ;  and 
what  others  may  possibly  be  subject  to  temporary 
states  of  opposite  Electrical  energies,  and  may  by 
means  of  such  relation  produce  tbe  most  powerful 
effects  in  the  animal  economy.* 

Some  experiments  on  this  subject  have  been  Instituted 
by  Mr.  Brande,  but  without  any  very  satisfactory  result* 

(104.)    It  is  scarcely   necessary    to    mention    that  De 
powerful  shocks  from  a  galvanic  battery  are  no  less  tia 
instantly  destructive  of  animal  life,  than  discharges  ^^ 
from   the  ordinary  electric  battery.     Small   animals 
are   easily  killed  by  discharges,    which  would    only 
produce  a  temporary  stunning  effect  on  larger  animalfi* 

4,  Circimsiances  in  the  Gahavic  apparatus  on  which  these 
effects  depetid, 

(105.)  We  have  seen  that  in  bodies  of  high  conduct-  ^ 
ing  powers,  such  as  metals,  tbe  effects  produced  will  ^^ 
depend  altogether  on  the  actual  quantity  of  Electricity  y^ 
which  is  coHected  in  a  state  ready  to  be  discharged  j  oci 
but  it  is  otherwise  in  imperfect  conductors,  such  as  hy 
water,  and  all  organic  structures  whether  of  an  animal  S^ 
or  vegetable  nature.    The  quantity  of  Electricity  which  ^^ 
this  class  of  substances  is  capable  of  transmitting  is 
limited  by  several  conditions :  such  as  the  extent  of 
circuit  the  Electricity  has  to  perform  j  and  also  the 
degree  of  intensity  at  which  the  Electricity  is  presentedfl 
to  the  conductors.    Thus  the  human  body,  which  fol«^B 
lows  the  same  laws  as  imperfect  conductors,  is  inca- 
pable of  discharging  a  Voltaic  battery  composed  of  a      , 
single  pair   of  plates,  however  large  their  surface  j 
because   the  intensity   of  the  Electricity  to  be  dis- 
charged is,   in   this   case,  extremely   low*      As  this 
intensity  is  augmented  by  increasing  the  number  of 
alternations  in  the  pile  or  battery,  so  the  shock,  and 
other  effects  on  the  animal  system,  follow  the  sam©^« 
law  of  increase.    This  point  has  been  fully  eatablisheit^B 
by  the  researches  of  numerous  experimentalists.     It 
appears  to  have  been  first  pointed  out  by  Van  Maruni^t 

(lOtJ.)  The  force  of  the  shocks  is  also  much  in-  An 
fluenced  by  the  nature  of  the  fluid  with  which  tbe  ^"^ 
battery  is  charged.  TIius  a  pile  or  battery  of  fifty  ^^^ 
pairs  of  plates,  with  only  water  interposed  between  the 
them,  will  give  but  a  very  feeble  shock  j  but  if  a 
considerable  i[uantity  of  siilt  be  dissolved  in  the  water, 
the  shock  i>roduced  will  be  much  more  powerful. 


♦  PhilmopMcfil  Magazine,  %%j.,  488. 
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(107.)  Wb  have  hitherto,  for  the  sake  of  perspi- 

f  cuity,  confined  oar  attention    to  one   order  only  of 

Goliranic  combinations,  numely,  those  which  are  com^ 

|iosed  of  two  dissimilar  metals^  and  an  OTtidating  fluid, 
CRpnble  of  acting  with  f^reater  ener^  on  the  one 
metal  than  on  the  other  3  and  we  have  taken,  by  way 
of  example,  the  substances  most  usually  employed, 
oamely,  zinc,  silver,  and  an  acid  solution.  It  will  be 
proper  now  to  consider  the  variations  which  raay  be 
^■(i^e  ID  the  s\ibstances  used,  as  well  as  in  the  nature 
their  combination,  so  as  atiU  to  be  productive  of 
ranic  action, 

1.  Different  kinds  of  Gahofik  circUi, 

(lOS.)  For  this  purpose  the  elements  of  Galvanic 

1  combinations  have  been  arranged   into  two  classes, 

'  irilh  reference  to  their  powers  of  conducting  Electri* 

'citT.       The  metals,    together   with   charcoal,   being 

ranked  as  perfect  conductors  j  while  aqueous  solutions, 

ecmtaiuing  air,  or  saline  substances,  compose  the  class 

of  imperfect  conductors.     The  principal   metals,  or 

anliBtftiices  composing  the  first  class,  arranged  in  the 

pnter   of  their  oxidabilityj   will  form  the  following 

^aeries,  namely,  zinc,  iron,  tin,  lead,  copper,  silver, 

platina,   and  charcoal.     The  fluid   conductors 

commonly  employed,  arranged,  in  like  manner, 

the  order  of  their  power  of  oxidizing  the  substances 

^  nf  the  first  class,  will  compose  the  following  series, 

Bemely,  solutions  of  nitric  acid,  muriatic  acid,  sulphuric 

acid  J  muriate  of  ammonia,  nitrate  of  jmtasb.  muriate 

of  soda,  and  other  neutral  salts  ;  and  water  containing 

oxygen  gas,  or  atmospheric  air. 

(109,)  A  Galvanic  circle  formedby  two  of  the  bodies 
enamerated  in  the  first  scries,  and  one  of  those  belong- 
ing to  the  second,  will  constitute  an  arrangement  of 
ufte  first  class :  and  the  Electrical  effects  will  he  Biniilar 
Itedioae  already  stated  in  the  former  part  of  thisTreatise, 
ely,   a  current  of  positive   Electricity   will  pass 
liUnetl^  from  the  substance  which  conies  latest  in  the 
ItCTies  of  perfect  conductors,  to  the  one  which  precedes 
lit  I  and  will  be  transmitted  back  again*  from  the  sub- 
Iffinice  which  comes   first  in  the  scries,   throMgh  ihe 
'  hiterpf*^d  Jluid,  to  the  one  that  comes  last.     Thus,  if 
flie  circle  be  composed  of  gold,  tin,  and  acid,  the 
positive  Electricity  will  pass  in  the  order  in  which  we 
have  here  enumerated  them,  and  from  the  acid  will  be 
Llrtn«tnitted  back  again  to  the  gold.     The  stream  of 
aiivc   Electricity,  will  of  course  follow  an  order 
r exactly  the  reverse  of  that  which  has  now  been  stated, 
Whm  it  appears  that  each  metal  is  fMssitive  with  rela- 
ifion  to  all  those  that  succeed  it  in  the  series  ;  negative 
[  with  relation  to  those  which  precede  it.     1 1  follows  also, 
a  necessary  consequence,  that  the  oxidizing  fluid, 
'  Which  receives  Electricity  from  the  metal  that  ib  oxi- 
dated by  it,  and  transmits  it  to  tlie  metal  upon  which  it 
has  no  chemical  action^  must  be  considered  as  posi- 


tive with  regard  to  the  former,  and  negative  with 
regard  to  the  latter, 

(110.)  The  powers  of  the  different  circles  that  may 
be  formed  by  various  triple  combinations  of  this  kind, 
are  very  different  in  degree ;  the  greatest  being  that 
in  which  two  metals,  the  most  remote  from  each 
other  in  the  scale,  are  employed,  together  with  the 
fluid  which  acts  with  the  greatest  chemical  energy  on 
the  most  oxidable  of  these  metals.  It  is  an  indis- 
pensable condition  for  the  production  of  Galvanic 
effects,  that  a  chemical  action  be  excited  between  the 
fluid  and  one  of  the  metals  with  which  it  is  in  contact. 
Thus  silver  and  gold  evolve  no  Galvanic  influence 
when  in  contact  with  pure  water,  which  is  incapable 
of  acting  chemically  upon  either  of  the  metals  j  but 
when  they  are  connected  with  water  containing  nitric 
acid,  or  any  other  fltiid  decomposable  by  silver,  they 
form  an  active  Galvanic  arrangement, 

(111,)  The  conducting  powers  of  charcoal,  and  its 
efficacy  when  employed  as  a  component  part  of  GaN 
vanic  combinations,  were  discovered  by  I>r.  Wells.* 
Sir  H.  Davy  afterwards  found  that  charcoal  might  tie 
used  in  the  Voltaic  circuit,  instead  of  a  metallic  wire, 
for  decomposing  water ;  carbonic  acid  being  formed 
by  the  combination  of  the  oxygen  with  the  charcoal 
at  one  pole,  and  carburet  of  hydrogen  at  the  other 
pole.  In  this  experiment,  the  quantity  of  gaa  given 
out  by  the  former  is  very  inconsiderable,  in  conse- 
quence of  its  rapid  absorption  by  the  water.  Sir  H* 
Davy  also  formed  a  pile  of  zinc  and  charooal,  which 
acted  with  considerable  energy. 

(112.)  The  fact  already  stated,  that  the  combination 
of  two  metallic  bodies  with  fluids,  is  productive  of 
Galvanic  influence,  only  in  as  far  as  it  furnishes  two 
conducting  surfaces  of  different  degrees  of  oxidability, 
led  Sir  H.  Davy  to  suspect  that  a  similar  figency 
would  be  developed  if  single  metallic  plates  could  be 
connected  together  by  different  fluids,  in  such  a  man- 
ner that  one  of  their  surfaces  only  should  undergo 
oxidation.  After  many  trials  he  at  length  discovered 
that  active  arrangements  might  be  formed,  not  only 
when  oxidations,  but  likewise  when  other  chemical 
changes  were  going  on  in  some  part  of  the  circle, 

(113.)  If  the  ordinary  Galvanic  combinations,  in 
which  two  perfect  comductors  are  Joined  with  one 
imperfect  conductor,  be  considered  as  fomiing  one 
class  of  combinations :  the  second  class  will  consist 
of  those  in  which  one  perfect  conductor  is  conibined 
witli  two  imperfect  conductors.  Of  these  last^  Sir  H, 
Davy  distinguishes  three  different  kinds. 

(1 14.)  The  first  and  most  feeble  is  composed 
of  single  metallic  plates  arranged  in  such  a  man- 
ner that  two  of  their  surfaces  are  in  contact  with 
different  fluids,  one  capable,  and  the  other  incapable  of 

•  FhUompkicnl  TFomatuiiontfar  USS,  p.  20. 
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GalTudiO).  oxidating  the  metal  Tin,  zinc,  and  some  other  easily 
^*"^V**^  oxklable  metals  act  most  powerfully  in  this  kind  of 
combinations.  If  jneces  of  polished  tin,  about  an  inch 
scitiare  and  one-twentieth  of  an  inch  thick,  be  con- 
nected with  woollen  cloths  of  the  same  size,  moistened, 
some  in  watery  and  some  in  dilute  nitric  acid,  in  the 
following^ order,  tin,  acid,  w*ater,  and  so  on,  till  twenty 
series  are  put  together,  a  feeble  G;ilvanic  battery  will 
be  formetl,  capable  of  acting  weakly  on  the  organs  of 
sense,  and  of  slowly  prodticing  the  common  appear- 
ances in  water ;  the  wire  from  the  oxidating  surface 
of  the  plates  evolving  hydrogen,  and  the  wire  from 
the  non-o\idating  surface  evolving  oxygen.  When 
batteries  of  this  kind  are  placed  perpendicularly  in  the 
fortn  of  a  pile,  the  cloth  moistened  with  acid  should 
be  placed  yndernealh  theone  which  is  moistened  with 
water  j  tor  as  the  acid  is  specihcaily  heavier  than  the 
water,  little  or  no  mixture  of  the  fluid  wUl  then  take 
phice.  WTien  zinc  is  employed,  it  is  necessary,  on 
account  of  its  rapid  oxidation  in  water  containing 
atmospheric  air,  to  use  three  cloths  ;  the  first  moistened 
with  a  weak  solution  of  sulphuret  of  potash,  which  is 
possessed  of  no  power  of  action  upon  ziac,  and  which 
prevents  it  from  acting  upon  the  water }  the  second 
moistened  with  a  solution  of  sulphate  of  potash,  of 
greater  specific  gravity  than  the  solution  of  sulphuret  j 
and  the  third  wetted  with  an  oxidating  fluid  specih- 
cally  heavier  than  either  of  the  solutions.  In  this 
case,  if  the  order  he  as  follows,  zinc,  oxidating  solu- 
tion, solution  of  sulphate  of  potash,  solutivm  of 
sulphuret  of  potash,  very  little  mixture  of  the  Huids, 
or  chemical  action  between  them  will  take  place  ;  and 
an  alternation  of  twelve  series  of  this  kind,  forms  a 
battery  capable  of  producing  sensible  effects, 

(115.)  The  second  kind  of  Galvanic  combinations 
with  single  plates,  is  formed  when  plates  composed 
of  a  metallic  substance,  capable  of  acting  upon  sul- 
phureted  hydrogen,  or  upon  sulpburcts  dissolved  in 
water,  are  formed  into  series^  with  portions  of  a  solu- 
tion of  sulphuret  of  potash,  and  water,  in  such  a 
manner  that  one  side  of  every  plate  is  in  contact  with 
water,  whilst  the  other  side  is  acted  upon  by  the  solu- 
tion of  sulphuretp  Under  these  circumstances,  when 
the  alternation  is  regular,  and  the  number  of  series 
sufficiently  great.  Galvanic  power  is  evolved  ;  and 
water,  placed  in  the  circuit,  with  silver  wires,  is  acted 
upon  J  oxide  being  deposited  on  the  wire  cormected 
with  the  side  of  the  plate  undergoing'  chemical  altera- 
tion, whilst  hydrogea  is  evolved  from  the  side  in 
contact  with  water. 

Silver,  copper,  and  lead,  are  each  capable  of  forming 
this  combination.  Plates  made  from  any  of  these 
metals  may  be  arranged  with  cloths  moistened,  some 
in  water,  and  others  in  solution  of  sulphuret  of  potash, 
in  the  following  order,  metal,  cloth  moistened  in 
sulphuret  of  potash,  cloth  moistened  in  water,  and  so 
on.  Eight  series  will  produce  sensible  effects  j  and 
the  wire  from  the  top  of  the  pile  produces  oxide. 
Copper  is  more  active  in  this  kind  of  batteries  than 
silver ',  and  sUvcr  more  active  than  lead. 
Third  kind*  (116.)  The  third  and  most  powerful  kind  of  Galvanic 
batteries  constructed  with  fluids  and  single  metals,  is 
formed  when  metallic  sul>st4mces,  oxidable  in  acids, 
and  capable  of  acting  on  solutions  of  snlphurets,  are 
connected,  as  plates,  with  oxidating  fluids,  and  solu- 
tions of  sulphuret  of  potash,  in  such  a  nuumer  that 
the  opposite  sides  of  every  plate  may  be  undergoing 
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different  chemical  changes;  the  mode  of  alternation  ^*^  , 
being  regular.  The  same  metals  which  act  in  the  second  ^'*"^v 
form  may  be  used  in  the  third  j  and  the  order  of  iheir 
powers  is  similar.  The  pUe  may  be  erected  tn  the 
same  manner  as  the  pile  with  zinc  under  the  first  head; 
the  cloths  moistened  with  acid  being  separated  from 
those  moistened  with  solution  of  suJphuret,  by  a  third 
cloth  soaked  in  solntion  of  sulphate  of  potash.     Three  I 

plates  of  copper,  or  silver,  arranged  in  this  manner^  | 

in  the  proper  order,  produce  sensible  effects ;  and 
twelve  or  thirteen  are  capable  of  giving  weak  shocks, 
and  of  rapidly  decomposing  water  :  the  wire  connected 
w^ith  the  oxidating  end  of  the  apparatus  evolving 
hydrogen  ;  and  the  wire  attached  to  the  end  acting  on  ' 

the  sulphuret  evolving  oxygen, 

(117.)    In  all  the  single  metallic  pilea  constructed  Iiicrei< 
with  cloths  the  action  is  very  transient :   but  greater  powcii 
permanency  may  be  given  to  their  effects,  byadisposi-  f|!|^ 
tion  of  the  plates  and  fluid  similar  to  the  trough  of 
Cruickshanks,  with  the   partitions  of  the  cells,  com- 
posed alternately  of  glass,  or  horn,  and  of  metallic 
plates,  and  the  cells  filled  aUernately  with  the  different 
solutions,  according  to  the  kind  of  combination  em- 
ployed :  these  fluids  being  connected  in  pairs  with  each 
other  by  slips  of  moistened  cloth,  carried  over  the 
Qon-conducting  plates.* 

(118.)  Sir  H.  Davy  has  summed  up  the  general  G«ia«a 
results  of  these  experiments  in  the  following  words;  result 
"  The  metals  having  the  strongest  attraction  for 
oxygen,  are  the  metals  which  form  the  posiiive  pole,*' 
(the  composite  battery  being  here  understood  j)  '*  in 
all  cases  in  which  the  Huid  menstrua  act  chemically 
by  affording  oxygen  j  but  when  the  Ihiid  menstrua 
afford  sulphur  to  the  metals,  the  metals  having  the 
strongest  attraction  for  sulphur  under  the  existing 
circmiistances,  determine  the  positive  pole.  Thus, 
in  a  series  of  copper  and  iron,  introduced  into  a  porce- 
lain trough,  the  cells  of  which  are  iilled  with  water  or 
with  acid  solutions,  the  iron  is  positive,  and  the 
copper  negative;  but  when  I  he  cells  nre  filled  with, 
solution  of  sulphur  and  potash,  the  coj>per  is  positive 
and  the  iron  negative.  In  all  combinations  in  which 
one  metal  is  concerned,  the  surface  opposite  the  acid 
is  negative,  and  that  in  contact  with  solution  of  alkali 
anil  sulphur,  or  of  alkali,  is  positive."! 

(119.)  Dr.  Young  also  has  laid  down  a  general  for-  ^ornj 
mula  for  determining  the  direction  of  the  Electric  ^' 
currents  in  all  Galvanic  combinations,  which  may 
often  be  found  useful  in  practice.  '*  We  may  repre- 
sent," he  says,  "  the  effects  of  all  Galvanic  com- 
binations, by  considering  the  oxidation  as  producing 
positive  Electricity  in  the  acting  liquid,  and  the 
Bulphuration  as  producing  negative  Electricity,  and 
by  injaginuig  that  this  Electricity  is  always  communi- 
cated to  the  best  conductor  of  the  other  fcubstances 
concerned,  so  as  to  produce  a  circulation  in  the  direc- 
tion thus  determined.  For  example,  when  two  wires 
of  zinc  and  silver,  touching  each  other,  are  separately 
immersed  in  an  acid  j  the  acid,  becoming  positively 
Electrical,  imparts  its  Electricity  to  the  silver,  and 
hence  it  flows  back  into  the  zinc.  When  the  ends  of 
a  piece  of  charcoal  are  <lipped  into  water  and  into  an 
acid,  connected  together  in  a  small  tube,  the  acid, 
becoming   posiiive,  sends  its  superfluous  Electricity 
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K^iKmu^li  the  chiurcoal  mto  the  water.  If  a  wire  of 
^  copper  be  dipped  into  water  and  a  solution  of  alkaline 
ffolpburei,  connected  with  each  other,  the  sulphuret, 
becoitiing  negative,  will  draw  the  positive  Electricity 
fom  the  copper  oit  which  it  acts.  In  all  these  eases 
the  directiou  of  the  current  is  truly  determined,  as 
m^j  be  shown  by  composing  a  battery  of  a  immber  of 
alleriiaiions  of  this  kind,  a^nd  either  examining  the 
lEtHf  of  its  different  parts  by  Electrical  tests,  or  con- 
aectiDg  wires  with  its  extremities,  which ^  when 
immersed  into  a  portion  of  water,  will  exhibit  the 
|KOchictioa  of  oxygen  gas  where  they  emit  the  Electric 
laid,  and  of  hydrogen  where  they  receive  it."* 

130.)  Attempts  have  often  been  made  to  form 
oic  combinations  without  metal.  Gautherot 
that  he  had  succeeded  in  forming  a  pile 
'rf  wtijch  charcoal  and  plumbago  were  the  con- 
doctio^  elements.t  Lagrave  announced  that  by 
pliKTffg  upon  each  other  alternate  layers  of  muscle 
and  o?  brain,  from  a  human  body,  with  pieces  of 
molaiened  cloth  or  leather  interposed,  he  farmed  a 
pSe  which  produced  Galvanic  effects.  |  Dr.  Baconio, 
of  Biilan,  composed  a  Galvanic  pile  entirely  of  vegeta- 
kle  substances.  The  substances  he  employed  were 
&C9  of  red  beet  root,  two  inches  in  diameter ;  and 
&$C9  of  walnut  tree,  of  the  same  size,  divested  of  their 
lesfi  by  digestion  in  a  solution  of  cream  of  tartar  in 
vaiegar.  With  this  pile  he  produced  Galvanic  effects 
00  a  hog,  taking  a  leaf  of  scurvy-grass  as  an  exciter,§ 

U^l.)  Aldmi  succeedctl  in  exciting  very  considera- 
ble iDusctdar  contractions  in  frogs,  without  the 
intervention  of  any  metaUic  substance  i  sometimes 
by  briugiDg  into  contact  the  nerve  of  one  animal  with 
the  jnoscle  of  another,  and  at  other  times  by  employ- 
ing the  nerves  and  the  muscles  of  the  simie  animal, 
hi  some  of  his  experiments  the  most  powerful  con- 
tactloQS  were  excited,  by  bringing  the  parts  of  a  warm 
a|d  of  a  cold  blooded  zmimal  into  contact  with  each 
adien 

Urns  on  introducing  into  one  of  the  ears  of  on  ox 
feceatly  killed  a  finger  of  one  hand  moistened  with  a 
solution  of  salt,  and  holding  in  the  other  hand  a 
prepared  frog  j  when  the  denuded  spine  of  the  frog 
WW  made  to  touch  the  tongue  of  the  ox,  convulsions 
were  produced  in  the  limb  of  the  frog.  In  like  man- 
ner, if  a  prepared  frog  be  held  by  one  hand  moistened 
Wih  solution  of  salt,  and  the  crural  nerves  be  applied 
to  the  tip  of  the  experimenter's  tongue,  convulsions 
win  be  excited.il 

Many  of  these  experiments  were  made  in  presence 
of  the  Members  of  a  Commission  appointed  by  the 
FrcDch  National  Institute,  for  the  purpose  of  inquiring 
iiit«  the  subject  j  and  the^  were  afterwards  repeated 
toLoodoa  at  the  Auatomical Theatre  in  Great  Windmill- 
fltrectp 

(122.)  The  inference  which  Aldini  drew  from  these 
i%»  fects  was,  that  a  proper  animal  Electricity  was  inherent 
in  the  body,  not  ret|uiriog  the  assistance  of  any  external 
ageal  for  its  developement.  But  the  more  probable 
lappueition  k,  as  Dr.  Bostock  has  remarked,  that  the 
parts  of  the  body  in  tiicse  experiments  act  in  a  manner 
analogous  to  the  pile  which  was  constructed  by  Sir 
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H.  Davy,  in  which  Electricity  was  developed  by  the   P«rt  Itk 

action  of  two  different  fluids  upon  carbon.  There  are, 
however  J  many  circumstances  wanting  to  render  this 
analogy  complete.* 

(123.)  In  the  conformacion  of  several  fishes,  as^f^^hes. 
the  ToTpedo,  Gi^mnotus  EketrkuSf  and  several  others 
alreatly  noticed  in  the  Treatise  on  Electricity,  nature 
has  constructed  organs  appropriated  to  the  excitation 
of  Electricity.  These  organs  have  a  striking  resem- 
blance to  the  plates  of  the  Galvanic  battery  j  we  know 
nothing,  however,  of  the  immediate  arrangement  from 
which  they  derive  Electric  properties.  The  effect  of 
the  shock  they  produce »  resembles  in  all  respects  that 
of  a  weak  charge  of  a  very  large  Electric  jar  ;  and  is 
therefore  exceedingly  analogous  to  that  of  the  Voltaic 
pile.  We  have  already  seen  that  the  shock  given  by  a 
battery  is  in  proportion  to  the  number  of  plates  of 
which  the  series  is  composed  j  now,  in  each  of  these 
fishes,  there  are  at  least  1.^0,Ci€OceH3,  a  number  which 
will  sufiiciently  account  for  the  magnitude  of  the  effect 
in  giving  shocks,  compatible  with  a  very  low  state  of 
Electric  intensity.  It  is  presumable,  according  to 
\'olta,  that  the  small  layers  or  peUicles  found  in  the 
Electric  organs,  placed  one  above  the  other  in  the 
columns,  are  formed  of  alternate  structures  belonejing 
to  different  classes  of  conductors,  and  arranged  in  such 
a  way  as  that  the  heterogeneous  parts  may  be  separated 
by  a  humid  layer  of  more  imperfect  conducting  power. 

2.  Comparmn  between  different  haUeries  of  the  ordinary 
cotistrtiction, 

(124.)  Keverting  to  the  more  ordinar}^  forms  of  the 
Galvanic  apparatus,  several  circumstances  with  regard 
to  their  comparative  powers  remain  to  be  noticed. 

The  principal  inconvenience  attending  the  pile  of  Remarks 
Volta,  is  that  it  requires  considerable  time  to  put  toge-  on  tlic  Pile 
ther,and  adjust  it  properly;  and  that  it  must  frequently  *^^  Volta. 
be  taken  to  pieces  and  cleaned,  on  account  of  the 
oxidation  of  the  zinc  by  the  action  of  the  fluid  em- 
ployed :  operations  which  become  very  troublesome 
when  the  number  of  plates  is  considerable.  The 
soldering  together  of  each  pair  of  zinc  and  copper 
plates,  is  an  improvement  upon  the  plan  of  simply 
laying  them  on  each  other  j  a  better  and  more  exten- 
sive contact  between  the  metals  being  thereby  secured. 
But  still  the  pile  is  troublesome  to  put  in  action ; 
from  the  fluid  being  liable  to  be  pressed  out  of  the 
discs  of  cloth  by  the  weight  of  the  plates,  and  fre- 
quently running  over  the  edges,  mid  destroying  the 
insulation  of  the  fluid. 

The  pile  has  been  more  in  use  among  the  continental 
philosophers  than  among  those  of  this  country  :  where 
the  trough,  invented  by  I\Ir.  Cruickshanks,  of  Wool- 
wich, has  almost  entirely  superseded  it.  As  the  fluid 
can  be  very  readily  poured  out  of  the  cells,  and  replaced 
when  wanted,  it  requires  considerably  less  time  to  put 
it  in  action.  The  following  directions  for  constructing 
it  are  given  by  Mr.  Singer. 

(125.)  The  zinc  plates  are  made  by  casting  that  metal  Construe- 
in  an  iron  or  brass  mould  j  they  may  be  about  an  eighth  *ion  of 
of  an  inch  thick.     The  copper  need  not  exceed  twelve  |'^"?r 
or  fourteen  ounces  to  a  square  foot,  and  may  be  soldered  trouglu 
to    the  zinc  at  one  i^dgfi  only,  the  other  three  being 
secured  by  cement  in  the  trough.     The  trough  must 
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h&re  as  many  grooves  in  its  aides  as  tlie  number  of 
plates  it  is  intended  to  contain,  which  shoutd  he  fewer 
in  proportion  to  tbetr  sixe,  otherwise  the  apparatus 
will  be  inconvenient  from  its  weight.  When  the 
plates  are  not  more  than  three  inches  square,  their 
number  in  one  trough  may  be  fifty,  and  the  distance 
of  the  grooves  from  three- eighths  to  half  an  inch. 
The  trough  must  be  made  of  very  dry  wood,  and  put 
together  with  white  lead  or  cement.  The  plates  being 
put  before  the  fire,  the  trough  is  to  be  well  warmed,  and 
placed  horizontally  on  a  level  table,  with  its  bottom 
downwards  j  very  hot  cement  is  then  to  he  poured  into 
it,  until  the  bottom  is  covered  to  the  depth  of  a  quarter 
of  an  inch.  During  this  process  the  plates  will  have 
become  warm,  and  they  are  then  to  be  quickly  slided 
into  the  grooves  and  pushed  firmly  to  the  bottom,  ao 
as  to  embed  themselves  securely  in  the  cement.  In  this 
way  the  plates  are  very  perfectly  cemented  at  the 
bottom,  and  when  this  cement  is  sufficiently  cool,  a 
clip  of  thin  deal  is  to  be  slightly  nailed  on  the  upper 
edge  of  one  of  the  sides  of  the  trough,  so  as  to  over- 
hang the  inner  surface  about  a  c|uarier  of  an  inch. 
The  trough  being  about  three  quarters  of  an  inch 
deeper  than  the  diameter  of  the  plates,  there  will  be 
an  interval  between  their  tipper  edges  and  the  deal 
sfip;  and  when  the  side  of  the  trough  to  which  the 
filip  is  attached  is  laid  flat  ujwm  the  table,  this  interval 
forms  a  channel  into  which  very  hot  cement  is  to  be 
poured,  and  it  will  flow  between  each  pair  of  plates, 
80  as  to  cement  one  side  of  all  the  cells  perfectly.  Afl 
goon  as  the  channel  is  quite  full  of  fluid  cement,  the 
strip  of  deal  is  to  be  taken  ofiF^  and  the  trough  inclined 
flo  as  to  allow  the  su|jerfluous  cement  to  run  out. 
"^^Tien  this  is  effected  nnd  the  cement  cool,  a  slip  of 
deal  is  to  be  nailed  on  the  opposite  side,  and  the  same 
process  pursued  with  that  side.  The  instrument  will 
then  be  cemented  in  the  most  perfect  manner,  and  it 
may  be  cleaned  off  and  varnished,* 

(126.)  Although  the  Voltaic  trough  is  a  considernhle 
improvement  on  the  pile,  yet  it  is  subject  to  some  dis- 
advantages from  the  action  of  the  liquid  on  the  wood, 
which  becomes  thereby  warped.  The  consequence  of 
this  is,  that  the  cement,  into  which  the  plates  are 
fixed,  cracks  in  various  places,  and  the  liquid,  insi- 
nuating itself  into  the  fissures,  soon  destroys  the 
insulation.  For  the  purpose  of  keeping  the  instru- 
ment in  order,  therefore,  the  cement  must  be  occa- 
sionally run  over  with  a  hot  iroui  which  is  a  tedious 
and  troublesome  process. 

(127.)  A  more  commodious  form  for  the  Voltaic 
battery  is  that  in  which  troughs,  with  a  number  of 
partitions,  made  entirely  of  Wedgwood  ware,  are 
intended  to  contain  the  fluid,  into  which  the  plates 
are  let  down  when  the  instrument  is  employed. 
Having  already  described  the  conatniction  of  this  kind 
of  battery,  we  shall  only  observe  that  the  most  con- 
venient sizes  for  the  platen  are  from  two  to  six  inches 
square.  When  a  high  power  is  required,  a  great 
number  of  these  batteries  may  be  combined  together 
by  connecting  them  in  proper  order,  endwise,  with 
slips  of  copper :  taking  care  to  connect  the  zinc  end 
of  one  battery  with  the  copper  end  of  the  next,  ao 
that  the  plates  shall  all  tend  in  one  direction. 

(l^S,)  The  objections  to  which  the  Wedgwood  ware 
troughs  are  liable,  are  that,  besides  being  expensive, 
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they  occupy  a  great  deal  of  room,  and  are  emijy  broken, 
while  the  strong  affinity  of  the  glatc  for  moisture 
soon  renders  the  insulation  imperfect,  especially  if  the 
acidulous  exciting  liquid  be  so  strong  as  to  occasion 
effervescence  5  for  in  that  case,  a  shower  of  minute 
globules  is  thrown  up  from  the  liquid,  and  falling  on 
the  edges  of  the  celU,  soon  moistens  them  so  com- 
pletely as  to  destroy  the  insulation. 

(1^9.)  The  power  of  the  instrument,  as  wc  have  Hi 
already  noticed,  is  greatly  increased  by  the  addition  J^* 
suggested  by  Dr.  \V'ollaston  of  having  a  counterpart  ^ 
of  copper  to  each  side  of  the  zinc,  Mr.  John  Hart, 
of  Glasgow,  availed  himself  of  this  circumstance,  ia 
constructing  a  battery  in  which  the  incDn?enience 
above  stated  is  entirely  avoided.  It  occurred  to  him, 
that  by  adding  sides  and  bottoms  to  the  double 
copper  plates,  they  would  themselves  form  cells  for 
containing  the  acidulous  liquid,  and  the  use  of  troughs 
be  thus  altogether  dispensed  with.  The  cells  are 
formed  by  cutting  the  copper  in  the  form  represented 
by  fig.  14 ;  they  are  then  folded  up,  as  seen  in  fig,  15,  F 
and  the  seams  grooved.  A  drop  of  tin  is  run  into  ^* 
eacb  lower  corner  to  render  the  cells  perfectly  tight, 
and  at  the  same  time  to  increase  the  positive  state  of 
the  copper.  Fig.  16  represents  the  zinc  plate  cast  in  ^ 
the  usual  manner,  and  having  a  piece  of  screwed  brass 
wire  cast  into  the  top  of  it  in  order  to  suspend  it  by» 
Fig.  17  is  a  section  of  the  battery,  showing  how  the  Pl 
copper  tail  of  the  first  cell  is  connected  with  the  zinc 
plate  of  the  second,  and  so  on.  This  connection  is 
Tendered  perfect  by  joining  them  with  a  drop  of  solder. 
The  zinc  plates  are  kept  firm  in  their  plaee  by  three 
small  pieces  of  wood.  The  whole  are  then  fixed  (bjr 
means  of  screw-nuts  fitted  on  to  the  brass  wires)  to  a 
bar  of  baked  wood,  previously  well  varnished.  When 
the  battery  is  to  be  used,  it  is  to  be  lifted  off  the 
frame,  and  dipped  into  a  wooden  trough  lined  with 
lead,  into  which  the  acid  has  been  poured,  or  it  may 
be  placed  into  the  leaden  trough,  :ind  the  liquid  poured 
into  it,  till  the  cells  are  full.  It  is  then  to  be  placed 
on  the  frame,  and  the  rest  charged  in  successioiw 
W^en  the  battery  is  small,  two  may  be  suspended  oa 
one  frame.  When  used  for  shocks,  they  may  be 
arranged  with  the  positive  and  negative  poles  toge* 
ther,  and  joined  with  wire  to  complete  the  circuit; 
but  when  employed  for  deflagration,  the  batteries 
ought  to  be  placed  alongside  of  each  other,  with  all 
the  positive  poles  at  one  end>  and  the  negative  at  the 
other,  and  the  poles  of  the  same  niune  joined  :  this 
arrangement  will  increase  the  surface  while  the  num- 
ber is  the  same, 

( l3tX)  A  battery  of  this  construction  made  by  Mr. 
Condie,  with  ten  triads,  when  compared  with  one 
upon  the  plan  of  Dr.  Wollaston,  made  by  Mr.  Newman,  1 
with  the  same  number  of  triads,  but  of  double  the 
surface,  was  found  to  decompose  the  same  quantity  of 
water  in  less  time  than  the  latter^  thus  indicating  a 
very  considerable  superiority  of  power :  a  result 
which  can  be  attributed  to  nothing  but  its  superior 
means  of  insulation.* 

(131.)  In  making  experiments  in  which  nuroerom    ' 
repetitions  of  contact   between   wires  are   require4» 
Mr.  Faraday  recommends,  if  these  wires  be  of  copper, 
to  rub  the  ends  over  with  a  little  nitnite  of  mercury  ; 
an  araalg^fUB   Is   thus  formed  on   the  surface  of  the 
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^ctiplier,  which  doea  not  onidate  or  become  dirty,  as 
i|P|per    itself  doesi,  b\tt  re  mams  briglil,  and  lit   for 
I  Volcaic  eofitact  for  a  lon^  tiiiie.^ 

S,  HesnlU  of  mrious  analyses  of  the  Foiiak  pile, 

(13^.)   Our  attention  has  hitherto  been  directed  to 

t!ie  effects  resuUing  from  the  conjoint  operation  of  the 

G^v^oDic  apparatus,  of  which  all  the  adjoining  parts, 

I     ednatitutlo^  the  compound  circles,  are  in  extensive 

eotttact*     But  in  order  to  obtain  correct  views  of  the 

ilteory  of  Galv  anic  action,  it  is  necessary  to  ascertain 

the  precise  relation  which  each  part  of  the  apparatus 

bears  to  the  effects  produced  j    or  the  function  that 

L    il  performs  in    the  process  which  resylts  from   the 

ft  combmatioa  employed.      The   investigations   of   M. 

B^jk  JLac  were  directed  to  this  important  inquiry.     He 

^^Hkn  by  considering  the  Voltaic  pile^  consisting  of  its 

^^Ke  constituent  parts  of  zinc,  copper,  t  and  moistened 

doth,  following  each  other  in  successive  alternations, 

m  divisible  into  ternary  groups,  under  three  different 

Kpects.       First,  zinc,    wet   cloth,    and    copper;    se- 

eoodly^  copper,   zinc,  and  wet   cloth ;    and   thirdly, 

wet  cloth,  copper,  and   zinc.     In  order  to  discover 

which  of  these    ternary  associations  constituted   the 

I      efficient  part  of  the  apparatus,  he  united  them  respec- 

tiftiy  into  piles,  in  each  of  which  the  different  groups 

were  separated  from  each  other  by  some  conductor, 

whieh  could  not  be  supposed  materially  to  influence 

the  effects.     For  this  purpose  M.  de  Luc  employed 

mmJl  tripods,   formed  of  brass  wire  so  bent   as  to 

hmch  the  plates,  between  which  the  tripod  was  placed, 

only  at  the  three  points  of  support.    Thus  was  the 

»pile  dtuected,  as  he  terras  it,  by  three  different  modes, 
lo  as  to  compose  three  different  instruments.  To 
each  extremity  of  these  piles  a  delicate  electrometer 
was  attached :  and  the  opposite  poles  were  also  con- 
nected by  the  interrupted  wire  passing  throngh  water, 
•o  that  both  the  Electrical  and  chemical  effects  could 
he  measured  at  the  same  time  t  care  was  also  taken 
that  each  pile  should,  in  other  respects,  be  insulated. 
The  following  are  the  principal  results  of  the  experi- 
i  mentd  conducted  with  this  apparatus. 
K  (ISS*)  He  first  examined  the  phenomena  presented 
W  %  the  first  dissection  of  the  pile,  in  wliich  the  groups 
were  arranged  with  the  fluid  between  the  two  metals, 
while  the  surfaces  of  the  metals,  which  in  the  ordinary 
^  are  in  contact,  were  separated  by  the  brass  tripods. 
He  found  that  the  pile,  when  dissected  in  this  way, 
acts  in  the  same  manner,  both  as  to  the  Electrical  and 

■  chemical  effects,  as  if  all  its  parts  were  eonlinnous, 

■  except   that  its  power  is  rather  diminished    by   the 

■  Mparation  of  the  metals. 

fc  (1 34,)  WTien  dissected  according  to  the  second  mode, 
^■^1  which  the  two  metals  were  placed  together  ^  and 
'^^^P^  Wet  cloth  was  in  contact  with  the  zinc,  but  sepa- 
*f«ted  from  the  next  plate  of  copper  by  the  brass 
tripod  J  the  extremities  of  the  pile  indicated  to  the 
electrometer  the  same  states  of  positive  and  negative 
as  in  the  ordinary  pile  j  but  no  shock  was  experienced 
nhen  the  circuit  was  attempted  to  be  made  through 
the  htiman  body.     No  decomposition  of  water  took 

•  Jfmmat  of  Science^  xii.  185 

f  la  tlie  originnl  experiments  of  De  Luc^  iilvpr  h  nacd 
ttttejid  of  copper  ;  but  wc  have  preferred  mcntipping  the  latter 
mtul  for  the  sake  of  preserving  uaiformity  with  preceding 


place  when  the  wires  of  the  interrupted  circuit  were     I^art  lit 

placed  in  watery  although  from  the  cessation  of  all  ^— "V"*' 
Electrical  indications,  it  was  evideut  that  the  Electricity 
was  conducted  throiigh  them. 

(135.)  In  the  third  dissection  of  the  pile,  the  ternary  Third 
groups   consisting  of  the  zinc  and  copper  in  mutual  dissection* 
contact,  the  moistened  cloths  being  in  contact  with 
the  copper,  and  the  groups  being  separated,  as  before^ 
by  the  brass  tripods,  it  wag  found  that  no  effect,  either 
Electrical  or  cliemical,  was  perceptible. 

(ISfi.)  In  these  experiments,  the  cloths  were  moistened  Second 
with  water  only^  but  a  second  set  of  experiments  w^ere  jeriea  of 
next  performed,  in  which  a  strong  solution  of  muriate  J^^^" 
of  soda  was  employed  instead  of  water.  With  the 
continuous  pile,  no  difference  was  observed  with 
regard  to  the  effects  upon  the  electrometer  by  this 
substitution  j  but  a  more  powerful  sensalion  was  pro- 
duced when  the  salt  was  used.  A  new  shock  w^as 
experienced  every  time  either  of  the  hands  was 
brought  into  contact  with  the  apparatus,  or  removed 
from  it  i  but  no  sensation  was  experienced  as  long  as 
they  remained  in  contact.  When  the  interrupted  cir- 
cuit was  applied  between  the  extremities  of  the  pile, 
the  shock  was  felt,  hut  in  a  less  degree  >  and  the 
chemical  effects  were  suspended,  while  the  contact  of 
the  body  was  preserved  :  evidently  showing  that  the 
body  is  about  an  equally  good  conductor  with  water. 

The  pile  with  the  cloths  soaked  with  brine,  was 
now  dissected  in  the  same  three  ways  as  before.  In 
the  first  dissection,  that  is,  with  the  moistened  cloths 
between  the  plates,  the  same  Electric  effects  were 
exhibited  by  tlie  electrometer,  the  same  shock  was 
felt,  and  the  same  chemical  effects  were  produced, 
only  in  rather  a  less  degree  than  with  the  continuous 
pile  formed  with  muriate  of  soda.  The  second  and 
third  dissections  of  the  pile  produced  exactly  the  same 
effect,  as  when  the  same  dissections  were  employed 
with  pure  water.* 

(137.)  The  general  conclusion  which  M.  de  Luc  de-  Distinct 
duced  from  these  comparative  experiments  is,  that  the  ^"^^?^' 
Electrical  and  the  chemical  effects  originate  from  ^^^  cbcmi- 
different  parts  of  the  pile,  or  from  different  groups,  ^iil  power* 
considered  in  relation  to  the  parts  contiguous  to  them. 
The  Electrical  effects  appear  to  arise  simply  from  the 
combination  of  the  two  metals,  each  pair  beiug  sepa- 
rated by  a  fluid  conductor  j  while  for  the  chemical 
effects  ternary  groups  are  neccijsary,  consisting  of  the 
two  metals  with  a  fluid  between  them.  This  distinc- 
tion between  these  two  sets  of  properties,  or  modea 
of  action,  is  supposed  to  be  proved  by  the  different 
effects  of  the  pile  in  its  three  states  of  dissection.  la 
its  first  state,  which  may  be  regarded  as  et|uivalent  to 
the  continuous  pile,  it  exliibits  both  the  Electrical  arid 
the  chemical  action :  for  here  the  two  metals  are  in 
contact  with  each  other,  either  directly,  or  by  the 
intervention  of  the  brass  frames,  which  is  the  condi- 
tion requisite  for  the  Electrical  effects ;  and  they  are 
also  separated  by  wet  cloth,  which  is  the  condition 
requisite  for  the  chemical  effects.  In  the  pile  dissected 
in  the  second  manner,  there  are  the  binary  groups, 
that  is  the  metals  in  contact,  for  producing  the  Elec- 
trical effects  ^  hut  as  there  is  no  fluid  between  them, 
we  obtain  no  chemical  effect.  In  the  third  dissection, 
neither  of  the  conditions  just  stated  are  preserved, 
and  no  effects  result :  the  metals  have  not  the  wet 


♦  Nlcholsoa'a  Jvunmlg  ixvL  1 13^130» 


204 


GALVANISM; 


required 
for  tbe 
Cliciuical 


Galranism.  cloth  between  them,  and  cannot  therefore  produce  any 
^-"v**^  chemical  effect  j  and  the  Electric  current  is  prevented 
by  the  zinc  plates  having  copper  on  one  side,  and  the 
brass  frames  on  the  other,  both  of  which  have  the 
same  Electnca!  relations  to  the  zinc,  and  must  there- 
fore counteract  each  other. 

(138.)  The  observation  of  the  differences  of  effect 
which  took  place  when  a  saline  solution  was  employed 
instead  of  pure  water,  led  M.  do  Luc  to  examine 
what  conneclion  existed  between  the  chemical  action 
of  the  instrument  and  the  oxidation  of  the  zinc. 
With  this  view  he  formed  a  pile  of  pewter  and  silver  j 
the  p)cwter  being  chosen  for  the  experiment,  bee  tut  se 
it  has  an  Electrical  relation  with  silver,  and  is  oxida- 
ble  by  muriatic  acid,  at  the  same  time  that  it  is  not 
much  affected  by  pure  water.  In  the  first  instance 
water  was  interposed  between  the  plates  ;  the  extremi- 
ties of  the  piles,  as  indicated  by  the  electrometer, 
became  Electric,  the  pewter  side  negative*,  and  the 
silver  positive  J  but  there  was  no  shock,  nor  any 
decomposition  of  water  in  the  interrupted  ciretiit,  A 
pile  was  then  formed  of  such  a  number  of  zinc  and 
pewter  plates,  that  its  Electrical  energy  might  be  the 
same  with  the  pewter  pile  *  but  here  there  wms  both 
the  shock  produced  and  the  decomposition  of  water. 
The  pile  of  pewter  and  silver  was  then  fitted  up  with 
muriatic  acid  ;  and  in  this  case,  when  the  pewter 
plates  became  oxidated,  the  shock  and  the  decompo- 
sition of  water  w^ere  both  produced.  Hence  he 
eoncltides,  that  when  the  metal  is  not  oxidated,  no 
chemical  effect  is  produced  on  the  water  in  the  inter- 
rupted circuit*  When  the  oxidation  is  produced  by 
means  of  pure  water,  there  is  no  shock,  although  the 
chemical  effects  take  place 5  and  lastly,  when  either  of 
these  effects  are  produced,  the  current  of  Electricity 
is  retanied  in  its  passage  across  the  water  in  the 
interrupted  circuit.* 

4.  Phenomena  of  the  Electric  Column, 

(139,)  We  have  also  to  notice,  in  this  place,  the  curi- 
ous properties  of  an  instrument  which  resembles  the 
Voltaic  pile  in  the  successive  and  regular  alternations 
of  dissimilar  metals,  and  of  imperfect  conductors,  of 
w^hich  it  is  composed  ;  but  which  differs  from  it  in  the 
latter  consisting  of  dry,  instead  of  Unid  substances. 
This  instrument  w\as  invented  by  De  Luc,  while  he 
was  engaged  in  the  train  of  investigation  of  which  we 
have  given  the  results  ^  and  in  order  to  distinguish  it 
from  the  \'oltaic  pile,  he  gave  to  it  the  name  of  the 
Electric  column.  He  was  led  to  its  construction,  by 
the  trials  he  made  to  ascertain  how  far  a  liquid  was 
essential  to  the  operation  of  the  pile  j  and  by  finding 
that  Electrical  effects  were  still  produced  when  the 
pile  was  mounted  with  pieces  of  cloth  not  moistened 
at  all :  although  these  effects  were  in  that  case  weaker 
than  if  the  cloths  were  wetted.  He  then  commenced 
a  aeries  of  experiments,  in  which  he  substituted  layers 
of  different  animal  and  vegetable  substances  for  the 
Wetted  cloths,  interposed  between  the  metals.  He 
found  writing  paper  to  be  the  most  convenient  of  all 
the  materials  which  he  tried.  A  column  constructed 
with  the  two  metals  arranged  in  pairs,  with  discs  of 
paper  between  each  pair,  %vas  found  to  give  the  same 

•  Nicholson's  JoHtnal,  ixvi.  24  L  In  the  ftborp  firccitiiit  of  De 
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Electrical  indications  as  the  common  Voltdic  pilej 
the  end  of  the  column  which  is  bonnded  by  the  zinc 
plate  being  in  the  state  of  positive  Electricity  ;  and 
that  bounded  by  the  copper  plate,  in  the  negative 
Btate.  But,  however  numerous  the  plates^  it  produced 
no  chemical  effects  j  nor  could  any  oxidation  of  the 
surface  of  the  zinc  plates  be  perceived  to  have  takea 
place,  even  when  the  instrument  had  been  for  a  long 
time  in  action. 

(140.)  In  order  to  obtain  any  considerable  effect  &om 
this  instrument,  it  is  necess-iry  that  it  should  contaia 
a  very  considerable  number  of  plates.  As  the  thinnest 
surface  of  copper  is  adequate  to  the  purpose  answered 
by  that  metal,  a  trial  was  made  with  what  is  called 
Dutch  gilt  i>aper,  which  consists  of  thin  copper  leaf^ 
laid  upon  paper,  together  with  tinned  iron  platej. 
Eight  hundred  groups  thus  composed,  and  regularly 
arranged,  were  included  in  a  glass  tube  j  and  formed 
a^  instrument  which  affected  the  electrometer  mor« 
powerfully  than  a  Voltaic  battery  of  an  equal  number 
of  plates  J  but  yet,  notwithstanding,  produced  na 
chemical  effects  whatsoever.  Plates  of  zinc  were 
afterwards  employed  instead  of  the  tinned  iron,  aa 
being  both  more  convenient  and  efficacious.* 

(141 .)  Mr,  Singer,  who  has  had  extensive  experience 
in  the  construction  of  these  columns,  in  all  the  varia^ 
tions  of  which  they  are  susceptible,  gives  the  following, 
directions  for  making  them.  Of  the  materials  to  be 
employed  he  gives  the  preference  to  thin  pieces  of 
flattened  zinc,  idternated  with  WTiting,  or  smooth 
cartridge  paper,  and  silver  leaf.  The  silver  leaf  U 
first  laid  on  paper,  so  as  to  form  silver  paper,  which  is 
afterwards  cut  into  small  round  plates  l>y  means  of  a 
hollow  punch.  An  equal  number  of  [>lates  are  to  be  cut 
from  these  flattened  pieces  of  zinc,  and  from  commoa 
writing  or  cartridge  paper.  The  plates  are  then  to  be 
arranged  in  the  order  of  zinc,  paper,  silvered  paper 
with  the  silvered  side  upwards  j  then  zinc,  paper^  and 
so  on ;  the  silver  being  in  contact  with  the  zinc 
throughout  j  and  each  adjacent  pairs  of  the  metals 
separated  by  two  discs  of  paper  from  each  other. 
An  extensive  arrangement  of  this  kind  may  be  sup- 
ported by  being  placed  between  three  slender  glass 
rods,  covered  with  sealing-wax,  and  secured  in  a 
triangle  by  being  cemented  at  each  end  into  three 
equidistant  holes  in  a  round  piece  of  wood:  or  the 
plates  may  be  introduced  into  a  glass  tube  previously 
well  dried,  and  having  its  ends  covered  with  sealing* 
wax,  and  capped  with  brass  ;  one  of  the  brass  caps 
may  be  cemented  on,  before  the  plates  are  introduced 
into  the  tube,  and  the  other  afterwards.  Each  cap 
should  have  a  screw  passing  through  its  centre,  and 
terminating  in  a  hook  outside.  This  screw  will  serve 
to  press  the  plates  closer  together,  and  to  secure  a 
perfect  metallic  contact  with  the  extremities  of  the 
column. t 

(14^.)  By  placing  two  of  these  upright  columns  side 
by  side,  but  with  their  poles  in  opposite  directions, 
and  connecting  their  upper  ends,  the  whole  apparatus 
becomes  equivalent  to  a  column  of  double  the  length, 
of  which  the  two  lower  extremities  become  the  efR- 
cient  poles.  If  each  of  these  extremities  be  insulated^  _ 
and  made  to  terminate  in  a  small  bell  3  and  a  brass  ' 
ball  be  suspended  as  a  pendulum  by  a  silk  thread,  £a 
as  to  hang  midway  between  the  bells,  and  at  a  very 
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fkXwMJkm.  on  the  other  hand,  tbii  action  is  resumed  when  the 
layer  of  paste  has  recovered  ks  moisture,  by  attract- 
ing  it  from  the  atmosphere.  Like  the  Electric  column, 
it  charges  the  condenser  by  a  simple  contact  -,  and  it 
preserves  this  property  for  whole  months  and  years  : 
but  it  does  not  excite  shock,  nor  taste,  nor  chemical 
action. 

(147)  ProfieasorZambonialso  of  Verona,  constructed 
a  species  of  pile,  of  which  the  Eleetrical  effects  were 
said  to  be  very  durable.  It  was  composed  of  discs 
of  paper,  gilt,  or  silvered  on  one  of  their  sides,  and 
covered  on  the  other  with  a  layer  of  pulverized  black 
oxide  of  manganese,  mixed  with  honey.  A  similar 
pile  has  also  been  constructed  with  the  omission  of 
the  honey,*  This  instrument  exhibits  signs  of  the 
Electrical  influence  in  the  same  manner  as  the  pile  of - 
paste  i  but  not  any  ehemical  action,  nor  taste,  nor 
shock.  The  Electrical  attractions  and  repulsions 
which  it  produces  are  very  considerable  in  their 
d^;ree ;  for  if  two  of  these  piles  be  placed  at  a  dis* 
tance  of  four  or  five  inches  from  each  other,  and  m 
metallic  needle  be  properly  suspended  between  them, 
it  will  be  alternately  attracted  by  the  two  piles,  so  as 
to  move  between  them  like  a  pendulum.  When 
Zamboni*s  pile  is  confined  for  a  short  time  in  a 
limited  portion  of  air,  the  oxygen  of  the  air  is  absorbed 
by  it,  and  after  this  has  happened  the  action  of  the 
pile  ceases.  When  the  oscillations  of  the  pendulum 
have  stopped,  on  admitting  a  fresh  supply  of  atmos- 
pheric air,  without  moving  the  apparatus,  the  pen- 
dulum was  instantly  attracted  to  the  positive  pole,  and 
the  oscillations  renewed  in  the  same  manner  ^  at 
first.  These  oscillations  were  not  found  to  be  affected 
by  atmospherical  changes,  as  those  of  the  Electric 
column.f 

(148.)  In  aMiemoir  relative  to  the  dry  Voltaic  pile, 
Zamboni  states  that  its  energy  ceases  to  diminish 
after  two  years  ;  such,  at  least,  he  finds  to  be  the  case 
during  an  experience  of  twelve  years.  The  diminu- 
tion in  the  two  first  years  varies  according  to  the 
manner  in  which  the  pile  is  constructed.  The  pile  is 
more  energetic  in  summer  than  in  winter,  both  with 
regard  to  the  intensity  produced,  and  the  promptitude 

*  moi,  TraMde  Ph^mftu^  u.540;  Kad  Journal  of  Seiatct^n, 
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with  which  it  is  manifested.  The  tinned  paper,  called  F 
silvered  paper,  with  black  oxide  of  manganese,  deve-  ^ 
lopes  an  Electric  force  very  superior  to  that  obtained 
from  paper  covered  with  a  thin  leaf  of  copper,  aa 
in  what  is  called  Dutch  gold  paper.  By  using  a 
dry  pile  of  one  thousand  pairs,  the  plates  being  about 
two  inches  in  diameter,  Zamboni  obtained  by  the  con- 
denser sparks  of  an  inch  in  length  $  so  that  with  sudi 
a  pile,  the  Electric  battery  might  be  retained  coa- 
stantly  charged  to  a  state  of  tension,  which  might  b# 
heightened  at  pleasure,  by  increasing  the  number  of 
plates.  He  is  of  opinion  that  a  pile  of  50,000  pairs 
of  plates,  of  the  usual  diameter,  of  leaves  of  tinned 
pi^)er,  would  be  a  constant  source  of  Electricity,  of 
which  the  tension  would  equal  that  of  a  strong 
common  Electrical  machine.* 

6.  0/the  Secondary  Piles  of  Bitter. 

(149.)  While  attempts  were  making  to  construct  Vol-  8e 
taic  instruments  composed  entirely  of  dry  substances,  P^l 
Ritter,  of  Munich,  invented  a  construction,  which^  ^ 
indeed,  had  not  the  power  of  developing  Electricit]^ 
by  its  own  action,  but  was  capable  of  receiving  a 
charge  from  the  Voltaic  pile,  so  as  thereby  to  acquire 
for  a  time  all  the  properties  of  the  pile.  These  have 
been  denominated  the  Secondary  Piles  of  Ritter,  They 
consist  simply  of  a  column  formed  of  discs  of  copper^ 
and  moistened  card,  placed  alternately.  When  a  pile 
of  this  description  is  once  charged,  it  loses  its  Electri*-. 
city  very  slowly,  when  there  is  no  direct  communica-^ 
tion  between  its  two  poles.  But  if  this  communication 
be  made  by  a  good  conductor,  a  discharge  will  im* 
mediately  take  place  of  the  Electricity  accumulated 
in  the  exterior  plates,  which,  as  in  theLeyden  jar,  vrfll 
operate  by  an  instantaneous  shock.  To  this  effect  a 
new  state  of  equilibrium  will  succeed,  and  the  di»- 
chaiges  may  be  repeated  a  considerable  number  of 
times,  but  of  course  with  continued  diminution  qf 
power,  until  they  at  length  cease  to  be  sensible. 

(150.)  This  apparatus  produces,  with  diminished 
intensity,  the  decomposition  of  water,  and  the  other 
physical,  chemical,  and  physiological  effects  obtained 
from  the  ordinary  pilcf 

*  ^nnaks  de  Chhnie,  xxix.  198. 
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(151,)  Having  given  an  accowit  of  the  principal  pfee- 
nomeQa  which  relate  to  this  science,  as  they  present 
tbemaelves  to  observation^  withaut  any  reference  to 
tbe  theoretical  views  of  the  experimentalists  who  dis- 
cofercd  tbem^  or  to  tbe  hypotheses  which  they  may 
tend  either  to  support  or  to  confute  :  we  have  now 
to  consider  what  are  the  general  laws  to  which  they 
are  reducible,  and  what  explanation  these  laws  will 
eoable  iM  to  give  of  the  various  circurnstances  attending 
phenomena. 
(1S2.)  The  proofs  of  the  identity  of  the  agencies 
producing;  Galvanic  and  Electrical  phenomena,  may 
lif  be  collected  from  the  facts  we  have  already 
tailed.  All  the  effects  which  the  Electric  battery  b 
le  of  producing,  may,  as  we  have  seen^  be  also 
prochiced  by  the  Voltdc  battery.  The  shock  and 
eoDiiilsive  muscular  actions  which  accompany  its 
discburge  through  the  human  body ;  the  vivid  spark 
and  loud  report  which  mark  the  transit  of  Electricity 
through  the  air ;  the  ignition  and  deflagratiofi  of 
metaU  ;  the  inflammation  of  gunpowder,  phosphonifl, 
sad  mixtures  of  hydrogen  and  oxygen  gases,  are 
tfeeCs  common  to  both  these  instruments.  All  those 
ies  which  are  conductors  of  Electricity,  are  also 
nductors  of  Galvanism  j  as  the  metals,  charcoal,  and 
losc  liquids  which  contain  oxygen  as  one  of  their 
elements.  The  Galvanic,  as  well  as  the  Electric  shock, 
is  propagated  through  a  number  of  persons  without 
toy  perceptible  interval  of  time,  Wc  have  also  deci- 
ii?e  e^'idence  of  the  evolution  of  Electrical  influence 
in  nil  Galvanic  combinations,  by  applying  to  them 
tbe  test  of  the  condensing  electrometer,  which  is  then 
tSected  in  the  same  w\ay  as  by  ordinary  Electricity* 
Tbe  Electrical  charge  which  a  Voltaic  battery  com- 
municates to  a  Leyden  Jar,  is  also  an  unequi vocal  proof 
of  the  presence  and  active  agency  of  Electricity  in  the 
poks  of  that  instrument.  A  difference,  indeed,  was 
sepposed  to  exist  between  the  Galvanic  and  the 
Electric  batteries  in  respect  to  the  phenomena  of  their 
discharge  5  as  the  former  seemed  to  have  no  striking 
^tmce :  but  this  apparent  discordance  was  removed 
^•v  Mr.  Children,  who,  by  employing  a  powerful  appa* 
tiius,  to  which  a  micrometer  was  attached,  ascer- 
ioed  that  the  Galvanic  spark  was  capable  of  passing 
iroagh  a  certain  space  between  the  extremities  of 
0  platina  wires.*  Tbe  chemical  decompositions, 
iich  result  from  the  agency  of  Galvanism,  in  sub- 
ftances  through  which  the  circuit  is  made  to  pass, 
appeared,  also,  for  a  long  time,  to  constitute  an 
essential  difference  in  the  mode  of  action  of  these  two 
principles,  and  to  be  an  effect  peculiar  to  (Jalvanism  ; 
bni  the  researches  of  Dr.  Wollaston  have  removed 
even  this  ground  of  distinction,  by  proving  that  the 
same  effects  may  be  likewise  obtained  by  the  agency 
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of  ordinary  Electricity,  when  a  proper  apparatus  is  ^^^  ^^ 
employed.  These  important  experiments,  which  have 
already  been  sufEciently  detailed.  (  sec.  7i,  7B,)  have 
completwl,  in  the  most  satisfactory  manner,  the  chEia 
of  evidence  which  has  incontrovertibly  established  tile 
identity  of  Galvanism  and  Electricity, 

(153.)  While  there  exists  this  perfect  similarity   in  Difference* 
Galvanic  and  Electrical  effects,  with  regard  to  kind,  in  otber 
there   are   many  circumstances  in   which   they  differ  r«^spcctB. 
with  regard  to  degree,  to  continuance,  to  the  relative 
proportion   which  they  bear  to  one  another^  and  to 
the  combinations  in  which  they  are  found  to  occur. 
We   have  already    noticed    some    of  these    principal 
features  of  ditfercnce,  while   describing    the   several 
effecta  of  Galvanism  ;  and  have  pointed  nut  many  par- 
ticulars, in  w^hich  they  even  present  a  striking  contrast 
with  the  ordinary  operations  of  Electricity,     We  arc 
now,  therefore,  prepared  for  pursuing  our  generalization 
of  facts  to  a  further  extent^  and  for  entering  into  an 
inquiry  into  the  nature  of  these  different  modihcations 
of  effectj  and  the  sources  from  which  they  proceed. 

1.  Mod'^i'aiions  of  Galvanic  Power, 

(154.)  There  are  many  physical  powers,  m  regard  to  Disdactio* 
which  it  is  necessary,  for  the  proper  estimation  of  their  betw^ea 
effects,  to  distinguish  two  different  modes  of  efliciency :  Qo»«titT 
the  one  of  abaoluie  quantity;  the  other  of  intensity,  ?^^  , 
Tlie  first  has  reference  to  the  totality  of  effect  which 
the  power  in  question  is  capable  of  producing,  from 
first  to  last,  when  the  whole  of  that  power  is  exerted, 
and  actually  expended  in  the  production  of  its  proper 
effect.  The  second  of  these  terms  is  expressive  of  the 
degree  of  effect  produced  with  relation  to  circum* 
stances  which  limit  the  operation  of  the  power  in 
certain  ways,  so  as  to  allow  only  of  its  partial  excr* 
tion.  Heat,  or  caloric,  is  a  power,  the  operations  of 
which  cannot  be  understood  or  appreciated  unless 
this  distinction  between  its  quantity  and  its  intensity 
be  kept  in  view.  The  quantity  of  absolute  heat 
which  a  given  body  contains  would  be  measured  by 
the  quantity  that  could  be  abstracted  from  it  by 
surrounding  bodies,  which  were  themselves  absolutely 
deprived  of  heat ;  or  which  it  would  lose  by  radiation, 
under  circumstances  in  which  it  could  receive  no 
heat  in  return.  The  intensity  of  the  heat  residing  in 
n  body,  is  the  tendency  it  has  to  quit  that  body,  and 
either  pass  into  those  other  bodies  which  are  in  con- 
tact with  the  first,  or  diffuse  itself  in  space  by  radia* 
tion.  This  qurdity  of  intensity  in  heat  is  expressed 
by  the  term  temperature ;  which,  when  applicHl  to  a 
heated  body,  may  be  defined  the  actual  disposition  of 
that  body  to  part  with  its  heat.  It  is  well  known 
that  fin  bodies  of  different  kinds,  the  temperatures 
may  be  in  very  different  ratios  to  the  absolute  quanti- 
ties of  heat.  Two  bodies,  however  different  may  be 
their  absoltite  quantities  of  heat,  are  said  lo  be  of  the 
2b^ 
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GalTanism,  same  temperature,  or,  in  other  words,  their  heat  to  be 
^'"'V^  of  the  same  intensity,  when  the  tJ  is  positions  in  each 
to  impart  heat  to  the  other  are  precisely  equal ;  that 
is,  in  which  the  tendencies  of  the  heat  to  escape  from 
each  are  the  same,  and  the  radiations  exactly  balance 
one  another.  Temperature,  or  intensity  of  beat,  de- 
pends upon  the  nature  of  the  substances  in  which  it 
resides,  and  its  attraction  for  that  suhstance,  as  well  as 
upon  the  absolute  quantity  of  heat  j  and  is,  therefore, 
subjected  to  a  very  d liferent  law.  Tlie  ratio  between 
the  absolute  quantity  of  heat  which  a  body  cou tains,  and 
its  temperature,  is  expressed  by  the  term  capaciti/foj  heaL 
(155.)  A  distinction  precisely  similar  must  be  made 
with  regard  to  the  operations  of  Electricity,  The 
prime  condactor  of  a  common  Electrical  machine, 
when  communicating  with  the  ground,  is  in  a  neutral 
state,  and  exhibits  no  signs  of  Electricity.  If  it  be 
insulated,  and  the  machine  set  to  work,  a  certain 
quantity  of  that  power  will  be  communicated  to  itj 
which  power  will  affect  bodies  in  the  vicinity,  and 
will  at  the  same  time  possess  a  tendency  to  tly  off 
from  the  conductor.  It  is  this  tendency  to  produce 
certain  effects  on  other  bodies,  and  to  quit  the  body 
w^hich  contains  it,  that  is  termed  mtensittf  ;  and 
although  it  be  true,  that  when  all  the  circumstances 
relative  to  the  conductor  and  the  surrounding  bodies 
are  the  same,  the  intensity  will  increase  in  a  certain 
ratio  with  the  absolute  quantity  of  Electricity  that 
has  been  given  to  the  conductor  by  the  machine,  yet 
if  those  circumstances  vary,  the  same  ratio  Is  not 
preserved.  If,  for  example,  the  form  of  the  conductor 
be  altered,  by  drawing  out  one  part  into  a  point,  the 
intensity  of  the  Electricity  at  that  part  will  be 
increased  in  a  high  degree,  while  the  absolute  quan- 
tity in  the  conductor  remains  the  same  as  before. 
On  the  contrary,  if,  while  the  general  form  of  the 
conductor  remains  the  same,  its  surface  be  increased, 
the  same  quantity  of  Electricity  will  be  diffused  over 
a  more  extended  space,  and  will  exist  in  a  state  of 
diminished  intensity.  The  term  intensity  with  respect 
to  Electricity,  corresponds,  therefore,  to  temperature 
as  regards  heatj  and  expresses  in  both  cases  the 
tendency  of  the  agent  to  quit  the  body  which  con- 
tains it.  We  have  a  striking  illustration  of  the  differ- 
ence between  quantity  and  intensity  in  the  Leyden 
jar ;  the  coatings  of  which  are  capable  of  receiving, 
and  of  retaining  a  very  large  quantity  of  Electricity, 
in  consequence  of  the  law  of  induction.  Hence, 
although  the  quantity  be  great,  the  intensity  is  very 
small ;  and  the  instrument  may  in  this  sense  be  con* 
sidered  as  having  a  great  capacihj  for  Electricity, 
Conducting  (156.)  Besides  quantity  and  intensity,  there  is  also  a 
power.  third  regulating  condition  to  be  taken  into  account  in 
estiniating  the  effective  agency  both  of  beat  and  of 
Electricity  j  namely,  the  conduetittg  power.  The  time 
which  a  given  body  will  take  to  have  its  temperature 
changed  from  one  degree  to  another,  when  subjected 
to  the  operation  of  a  heating  or  cooling  cause,  will 
depend  not  merely  on  its  capacity  for  heat,  but  also 
on  the  facility  with  which  heat  is  transmitted  from 
particle  to  particle.  The  quickness  of  dissipation,  or 
of  absorption,  will  be  much  promoted  by  the  ready 
passage  of  the  heat  to  every  part  of  the  body  \vhich 
undergoes  a  change  of  temperature ;  or,  in  other 
words,  it  will  be  regulated  by  ihe  degree  of  conduct* 
ing  power  possessed  by  that  substance.  A  body 
charged  mih  Electricity  will,  in  like  manner,  act  with 
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greater  quickness  or  slowness  in  producing  Electrical     P*iJ 
effects,  in  proportion   to  the  facility  with  which  the  " 
Electricity  can  be  transferred  along  its  parts  j  a  facility 
which  is  the  result  of  its  conducting  power,  and  which 
may  be  expressed  by  the  general  term  of  vehcdy. 

(157.)  For  the  production  of  different  kinds  of  effects 
by  Galvanic  combinations,  different  modifications  of 
the  Electric  power  with  respect  to  quantity,  intensity, 
and  velocity  are  required.  Thus,  the  increase  of  tem- 
perature, the  ignition  and  deflagration  of  metals,  and 
all  Electro-Magnetic  effects,  are  in  proportion  to  the 
quantitif  of  transmitted  Electricity  :  the  affection  of  the 
condenser  and  of  the  electrometer,  and  the  charge 
communicated  to  the  Leyden  jar,  depend  solely  on  its 
ititemUtj :  the  shock  and  other  physiological  effects 
are  the  results  principally  of  intensity,  but  partly  also 
of  quantity  :  the  power  of  effecting  chemical  decom- 
positions requires,  in  addition  to  qoantity  and  intensity, 
a  certain  degree  of  vehcitij  also,  iPor  its  production*  It 
is  for  want  of  the  production  of  a  sufficient  quantity 
of  Electricity  in  a  given  time,  that  the  common  Elec- 
trical machine  fails,  under  ordinary  circumstances,  in 
producing  chemical  decompositions.  When  this  is 
obviated,  as  in  Dr,  Wolhiston's  apparatus,  we  find  it 
rendered  effectual  in  producing  chemical  action.  It  is 
from  deficient  intensity,  on  the  other  hand,  that  a 
single  pair  of  plates,  even  when  of  considerable  size,  as 
in  the  calorimotor,  affords  no  chemical  effects  in  the 
interrupted  circuit.  On  the  contrary,  it  is  the  imper- 
fection in  the  conducting  power,  that  is,  in  the 
velocity  of  the  current,  that  is  the  source  of  the 
incapacity  of  the  Electric  column  of  De  Luc,  or  the 
other  forms  of  the  dry  piles,  such  as  those  of  Zam- 
boni,  for  producing  any  sensible  chemical  changes  in 
fluids  which  are  interposed  in  the  circuit. 

%  Sources  of  Galvanic  Power ^ 
(158.)  The  preceding  observations  apply  only  to  the  ^7^ 
transmission  and  distribution  of  a  power  already  exist-  ^^lea 
ing  in  bodies;  but  the  circumstances  attending  thereat, 
origin  and  production  of  such  a  power  present  a  dis- 
tinct subject  of  consideration.  In  this  point  of  view 
the  parallel  which  we  have  drawn  between  heat  and 
Electricity  is  no  longer  preserved.  Heat  is  a  positive 
quality  5  and  cold  is  merely  the  absence  or  abstraction 
of  that  quality »  Many  processes,  both  of  a  chemical 
and  mechanical  nature,  are  attended  with  the  evolution 
of  heat  J  that  is,  with  an  apparent  addition  to  the 
positive  quantity  of  heat  which  existed  prior  to  such 
change.  In  such  a  case  one  of  two  things  must  have 
happened  :  either  a  quantity  of  heat,  which  bad  before 
been  inactive,  is  rendered  active,  or  liberated,  as  it 
were,  from  tlie  restraint  of  some  controlling  power  j 
or  else  a  quantity  of  heat,  which  did  not  before  exist, 
has  been  actually  generated.  Any  sudden  diminution 
of  capacity,  such  as  that  which  attends  the  combina- 
tion of  sulphuric  acid  with  water,  is  an  exaniple  of 
the  first  kind  ;  the  production  of  heat  by  friction  is 
an  instance  of  the  last.  But  in  both  cases  the  heat  so 
evolved  appears  to  be  a  positive  addition  to  the  qnan- 
tity  existing  in  the  bodies  concerned  ;,  and  we  find  no 
corresponding  abstraction  of  heat,  that  is  production 
of  CO  hi,  in  any  other  quarter,  as  a  compensation  for 
the  appearance  of  this  beat  in  the  body  which  evolves 
it.  The  phenomenon  does  not  consist  in  the  mere 
transfer  of  this  povver  from  one  place,  whence  it  is 
withdrawn^  to  another  place  wherein  it  is  accumulated* 
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Galvanism.  The  series  of  experiments  by  wbich  these  impoTtaot 
results  are  established,  was  repeated  by  Voltii^  aati 
verified  in  presence  of  a  Comiinsaion  of  the  Members 
of  the  French  Institute.  The  following  is  the  outline 
of  the  principal  experiments,  for  a  more  detailed 
account  of  which,  the  reader  is  referred  to  the  report 
of  the  Commissioners  drawn  lap  by  Biot»* 

(165.)  The  apparatus  employed  by  Volto  for  these 
experiments,  consisted  of  two  discs,  the  one  of  zinc, 
the  other  of  copper,  rather  more  than  two  inches  in 
diameter,  ground  perfectly  plane,  not  varnished,  ami 
having  in  their  centres  insulating  handles  f^>er[>endicu- 
lar  to  their  surfaces,  by  means  of  which  the  plates 
could  be  brought  into  contact »  without  being'  actually 
touched  with  the  hand.  With  this  precmition  the 
discs  were  made  to  approach  till  tbey  touched  one 
another  ;  they  were  then  separated,  by  keeping  them 
parallel  while  they  were  drawn  back.  The  Electricity 
they  possessed  after  this  separation  was  then  examined 
by  means  of  the  condenser  ;  and  that  the  efiTecta  might 
be  rendered  more  distinct,  the  Electricity  produced 
by  a  number  of  successiif^e  conlactSj  (taking  care  to 
restore  the  discs  to  their  natural  state  after  each  con- 
tact,) was  accumulated  in  the  same  condenser.  It 
was  invariably  found  that  the  copper  disc  charged  the 
condenser  with  negative,  and  the  zinc  with  positive 
Electricity.  Thus  these  two  metals,  insulated,  and  in 
their  natural  state,  are  brought  by  their  simple  contact 
into  different  Electrical  states  j  the  zinc  acquiring  an 
excess  of  positive  Electricity,  and  the  copper  the 
complementary  quantity  of  negative  Electricity. 

(166.)  This  experiment  may  be  varied  in  the  follow* 
ing  manner :  Instead  of  making  one  of  the  plates  of 
the  condenser  communicate,  as  is  usual,  with  the 
ground,  leave  tliera  both  insulated  upon  the  electro- 
meter j  but  every  time  that  the  discs  are  separated 
after  contact,  touch  with  each  of  them,  and  always 
with  the  same,  each  of  the  plates  of  the  condenser. 
After  several  contacts  of  this  kind,  separate  the  plates, 
and  each  of  them  will  be  found  charged  with  that 
species  of  Electricity  belonging  to  the  plate  with 
which  it  was  touched.  All  these  experiments  retjuire 
great  care  and  attention  to  ensure  correct  results. 
The  electrometer  and  the  insulated  disc  of  the  con- 
denser should  be  very  perfectly  insulated,  and  the 
manipulations  very  carefully  conducted.! 

(167*)  If  it  be  asked.  What  is  the  cause  of  these  phe- 
imk'^'^*^^^^  nomena  ?  we  fear  it  must  be  confessed  that  no  satis- 
aown.  fji^^tory  solution  of  the  question  has  as  yet  been  given. 
They  do  not  accord  with  any  of  the  previously  known 
laws  of  Electric  e(|Uilibrium,  and  appear  to  be  totally 
at  variance  with  every  preconceived  notion  we  might 
have  entertained  of  the  results  of  any  disturbance  of 
that  equilibrium.  We  must,  therefore,  for  the  present 
content  ourselves  with  admitting  that  some  unknown 
cause  exists,  which  upon  the  contact  of  zinc  and 
copper,  determines  the  transfer  of  the  |K)sitive  and 
negative  Electricities  respectively  to  the  two  surfaces 
which  are  brought  in  apposition,  and  which  continues 
to  maintain  this  relative  difference  of  Electrical 
states  as  long  as  the  contact  is  coutlnued,  and  as  often 
as  it  is  renewed, 

(168.)  The  two  Electricities  appear  to  be  retained 
on  the  ."surfaces  of  the  two  metfds  which  are  in  contact 

^*  See  also  his  Trmte  dw  Phtfsiqye^  ii.  471. 
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in  a  manner  in  some  respects  analogous  to  the  Eke- 
trical  condition  of  tlie  two  coatings  of  a  Ley  den  jar. 
Each  re^fjiectively  is  prevented  from  exhibiting  Elec- 
trical effects  by  the  inducting  influence  of  the  Electri- 
city container)  in  the  other.  But  if  a  common icatioa 
be  made  between  them,  the  equilibrium  is  immediately 
restored.  But  in  the  case  of  the  zinc  and  copper  no 
reason  hoB  been  assigned  for  the  ditBculty  wbich 
opposes  the  direct  transit  of  the  Electricity  through 
the  surfaces  of  contact, 

(169.)  Another  question  of  great  importance  next 
presents  itself.  Are  the  positive  and  negative  Eleclri- 
cities,  collected  at  the  two  contiguous  surfaces,  so  coa- 
centrated  in  those  surfaces  as  not  to  produce  any  sea- 
si  ble  Electrical  effects  at  a  distance  from  the  surface  ? 
Or  does  the  greater  vicinity  of  the  one  or  the  other 
determine  sooie  degree  of  Electrical  polarity  in  the 
conjoined  metals  t  If  such  were  found  to  be  the 
case,  the  intensity  of  the  sensible  Electricity  would,  it 
is  evident,  be  extremely  low,  compared  with  the  total 
quantity  retained  ;  for  the  same  rca«^on,  that  the  coat- 
ings of  the  Leyden  jar  exhibit  but  a  feeble  degree 
of  Electrical  intensity,  Volta  has  endeavoured  to 
establish  the  fiict  that  some  degree  of  Electricity  is 
perceptible  in  the  different  miJtals,  even  when  Ibey 
continue  conjoined.  For  this  purpose  he  formed  a 
thin  metallic  rml  by  joining  two  pieces,  tlic  one  of 
zinc,  the  other  of  copper,  and  soldering  them  end  lo 
end  y  then  taking  between  the  fingers  the  extremity 
which  was  composed  of  zinc,  he  touched  with  the 
copper  extremity  the  upper  plate  of  a  condenser, 
which  was  also  of  copper,  while  the  under  plate  of 
the  condenser  communicated  mth  the  ground.  After 
the  contact,  the  plate  which  had  been  touched,  was  fouml 
to  be  electrified  negatively.  In  order  that  the  E  lectricity 
thus  produced  by  a  single  contact  maybe  very  apparent, 
the  condenser  must  be  much  larger  than  that  of  the 
electrometer,  and  its  condensing  power  considerabk. 

(170.)  This  experiment  was  repeated  in  a  reverse 
order.  That  extremity  of  the  rod,  which  was  of  cop- 
per, w^as  now  taken  between  the  fingers,  and  the  upper 
plate  of  the  condenser,  which,  as  before,  was  of  copper, 
was  touched  with  the  zinc  extremity  of  the  rod.  On 
removing  it,  and  examining  the  plate  of  the  condenser, 
it  was  found  not  to  have  acquired  any  Electricity  whatso- 
ever. If  the  rod  had  consii^tcd  of  zinc  alone,  it  would 
have  acquired  positive  Electricity  from  the  copper 
plate  of  the  condenser  by  its  contact  with  it,  and  the 
condenser  w^ould  have  been  rendered  negative.  Biit 
the  addition  of  the  piece  of  copper  to  the  remote  end 
of  the  zinc  rod,  wjis  sufficient  to  prevent  this  effect 
from  taking  place,  by  having  already  communicated  a 
positive  charge  to  the  zinc.  These  experimenta,  there- 
fore, appeared  to  show  that  the  force  w  hich  determinea 
a  transfer  of  positive  Electricity  from  the  copper  to 
the  zinc  on  one  side,  may  be  balanced  by  a  similar 
force  acting  on  the  opposite  side  of  the  zinc.  In  the 
first  experiment,  in  which  the  two  pieces  of  copper  were 
on  the  same  side  of  the  zinc,  this  force  was  allowed  to 
exert  itself,  and  the  Electricity  which  it  disengaged 
was  spread  over  the  plate  of  the  condenser.  But  in 
the  second  experiment,  in  which  the  zinc  was  situated 
between  two  masses  of  copjier,  this  force  was  exerted 
equally  on  the  two  sides  of  the  zinc,  and  therefore 
did  not  tlevelope  any  Electricity.* 

•  Biot,  Traitd  (h  PAynque,  \l  475—474. 
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GalvaajjEn,  cate  with  the  ground,  neutrality  is  immediately  c:iven 
^'^^V^*^  to  that  extremity  ;  and  the  opposite  end  has  its  Elec- 
trical state  increased  to  t^vice  the  deg^ree  it  before 
possessed.  The  converse  will  take  place  if  the  com- 
munication with  the  ground  be  made  with  the  other 
pole,  instead  of  the  former  one,*  The  effects  which 
we  have  detailed  in  the  former  part  of  this  Treatise, 
as  being'  produced  on  bodies  wliich  form  part  of 
the  circuit  connecting'  thti  two  poles  of  the  battery, 
both  when  those  bodies  are  metalHc,  (in  which  case  a 
rise  of  temperature,  and  Electro-Magnetic  effects  take 
place,)  and  also  when  the  bodies  are  imperfect  conduc- 
tors, such  as  org^anized  bodies,  and  liquids  holding 
various  chemical  substances  in  solution,  are  readily 
accounted  for  by  the  passage  of  the  continued  stream 
of  Electricity  determined  from  the  one  pole  of  the 
battery  to  the  othen  The  differences  of  effect  are 
explicable  by  the  differences  in  quantity,  intensity,  and 
velocity,  arising  out  of  the  different  forms  and  modifi- 
cations of  the  apparatus. 

(177-)  According  to  this  theory,  then,  the  source  of 
ali  the  Electricity  obtained  by  the  Galvanic  apparatus  is 
at  the  surface  of  contact  of  the  dissimilar  metals  ;  while 
the  fluid  part  of  the  circle  performs  no  other  function 
than  that  of  a  conductor  of  this  Electricity  from  one 
metallic  surface  to  the  other.  The  circumstance  which 
determines  the  quantittf  of  Electricity,  is  the  extent  of 
the  surfaces  of  metal  in  actual  contact  *  that  which 
produces  the  inienrnttf,  is  the  number  of  alternations 
of  the  three  elements  of  the  circle  ■  that  which  gives 
veiociti/^  is  the  degree  of  conducting  power  in  the 
fluid  part  of  the  circle, 
Inflaencc  (178,)  It  will  be  perceived,  that  the  chemical  action 

of  the  coQ-  exerted  between  the  ffuid  and  the  metals  is  regarded, 
ducting  in  this  theory,  as  in  no  wtiy  concerned  with  the  pro- 
duction of  Galvanic  effects.  It  is  considered  as  an  acci- 
dental circumstance,  generally  accompanying  indeed, 
but  having  no  immediate  influence  on  the  Electrical 
phenomena.  The  power  of  the  battery  is  increased* 
it  is  true,  by  fluids  which  exert  a  strong  chemical 
action  on  the  most  oxidable  metal,  and  particularly  by 
acidSj  and  bodies  containing  oxygen  capable  of  uniting 
with  the  metal,  such  as  atmospheric  air,  (sec.  75  :)  but 
all  these  substances,  it  is  alleged,  also  increase  the 
conducting  power  of  the  liquid,  and  it  is  in  consequence 
of  this  latter  property,  and  not  from  the  chemical 
changes  they  produce,  that  the  Electricity  is  made  to 
circulate  with  increased  rapidity.  The  effective  quan- 
tity of  Electricity  will  be  regulated  almost  entirely  by 
the  conducting  power  ]  for  the  quantity  actually  evolved 
by  the  contact  of  the  metals^  is  incomparably  greater 
than  that  which  the  liquid  conductors,  under  ordinary 
circumstances,  can  discharge. 

(179.)  If  the  chemical  action  of  the  liquid  had  any 
share  in  the  Electric  effect,  we  should  expect  that  the 
intensity  as  well  as  the  quantity  and  velocity  of  Elec- 
tricity, would  be  augmented  by  an  increase  of  chemical 
action  j  whereas  the  increase  of  conducting  power 
woidd  produce  only  an  augmentation  of  velocity,  and 
could  increase  neither  the  absolute  quantity,  nor  the 
intensity  of  the  Electricity.  In  eonlirmation  of  this 
latter  view  of  the  subject,  an  accurate  comparison  was 
instituted  by  liiot,  with  the  aid  of  the  condensing 
Electrometer,  of  the  charges  obtained  from  piles  of 
the  same  number  of  plates,  constructed  with  moistened 
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conductors  of  different  kind? ;  and  it  was  found  thai 
water,  weak  acids,  the  greater  Mumher  of  saline  solu- 
tions»  the  substances  in  general  whose  conductibility 
is  powerful,  give,  as  nearly  as  can  be  judged,  the  same 
quantities  of  free  Electricity,  that  is,  Electricity  of  the 
same  intensity^  and  g^ve  it  also  by  a  contact  to  our 
senses  instantaneous.*  We  may  even,  with  most  of 
these  conductors,  increase  or  diminish  extremely  the 
extent  of  their  surfaces,  without  producing  any  sensi- 
ble variation  in  the  charge  of  the  condenser,  owing  to 
the  facility,  almost  intinite,  which  their  surfaces  present 
to  the  transmission  of  the  Electrical  currents.t  But 
this  tends  to  prove  that,  in  every  case,  they  only  act 
the  part  of  conductors,  and  that  the  contact  of  the 
elements  of  the  pile,  and  not  their  chemical  action,  is 
the  determining  cause  of  the  production  of  the  Elec- 
trici  ty. 

(ISO.)  But  it  is  further  maintained,  that  even  the 
absolate  quantity  of  Electricity  evolved,  is  not  in  pro- 
portion to  the  chemical  action  ;  for  sulphuric  acid  acts 
as  powerfully  on  zinc  as  the  nitric  or  muriatic   acids, 
but  is  less  active  in  exciting  the  chemical  powers  of 
the  battery,  which^wehave  seen,  depend  on  the  quan- 
tity of  Electricity,     In  like  manner,  the  alkalies,  whl 
exert  but  a  very  inconsiderable  chemical  action  on 
metals,  excite  its  powers  in  a  greater  degree  t 
many  saline  fluids,  of  which  the  chemical  energies 
much  greater  J 

(18L)  Against  this  theory,  which  is  generally  dem 
rainated  the  Electric  theory  of  Galvanism,  in  contra- 
distinction to  the  one  which  will  presently  be  stated^ 
and  which  has  been  called  the  Chemical  theory,  manjr^ 
formidable  objections  may  be  urged.     The  truth  o^^ 
the  fundamental  proposition  on  which  the  whole  of  »  ^-^ 
rests  ;  namely,  that  while  two  dissimilar  metals  remar^-^ 
in  contact  there  is  a  force  in  constant  operation,  whic;^^ 
tends  to  separate  the  two  Klcctrici ties,  and  impel  ihe^^^ 
in  opposite  directions,  is  itself  exceedingly  questio^^Q. 
able.     If  such  a  force  were  really  to  exist,  it  wou.  ^~^^ 
differ  from  all  the  other  known  powers  in  nature.    <^^JJ 
the  powers  and  sources  of  motion,  with  the  operation    ^jf  i 
which  we  are  acquainted,  when  producing  any  of  thi^ir ' 
peculiar  effects,  are  expended  in  the  same  proportL«:>ii  j^ 
as  those  effects  are  produced  ]  and  it  is  from  this  cir-p< 
curastance  that  there  arises  an  impossibility  of  pro- 
ducing by  their  means  a  perpetual  effect,  such  as,  €kjr 
instance,  a  perpetual  motion.     But  the  Electromoti**e 
power  which  Volta  ascribes  to  the  metals,  as  resullin^ 
simply  from  this  contact,  is  a  force  %vhich,  as  long  us 
the  Electricities  impelled  by  it  are  allowed  to  escape, 
is  never  expended,  but  continues  to  be  exerted  witli 
undiminished  power  in  the  production  of  a   never- 
ceasing  effect.   The  improbability  of  such  a  supposition 
is  almost  infinite, 

(182.)  Secondly,  the  proposition  that  positive  Elec-^^ 
tricity  has  a  tendency  to  quit  a  plate  of  zinc,  and  nega^  ^^ 
live  Electricity  to  quit  a  plate  of  copper,  whUe  these  ^^^ 
two  metals  are  kept  in  contact,  cannot  by  any  means^^J 
be  inferred  from  what  takes  place  after  the  separation^ 
of  these  metals.     Whatever  displacement  of  the  two^ 
Electricities  may  attend  the  a  p  proximal  ion  or  contact 
of  the   metals ;  they  must  both  be  retained  at    the 
surfaces  of  contact,  by  the  law  of  induction,  and  can 
have   no  tendency  to   quit  those   surfaces   until  th« 


•  Biot,  Traits  tie  Ph^»ique^  ii.  487. 
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Galnttiim.  pears  completely  extinguisbed ;  but  the  letting  ie  a 
^^-V*— ^  small  quantity  of  oxygen  is  sufficient  to  revive  it.* 
These  facts  were  indeed  denied  by  Volta ;  but  they 
have  been  ascertained  beyond  all  doubt  by  the  re- 
searches of  Haldane,  Pepys,  Biot,  Van  Marum,  and 
many  others.  Biot  has  endeavoured  to  explain  them 
upon  the  Voltaic  theory,  by  ascribing  the  diminution 
of  e£fect  which  takes  place  in  the  pile  after  a  certain 
time,  to  the  transfer  of  a  portion  of  the  oxide  of 
zinc  through  the  fluid  to  the  surface  of  the  copper, 
where  it  is  deposited,  and  sometimes  revived ; 
whenever  this  last  eflFect  is  produced,  it  gives  rise 
to  an  Electromotive  force  in  a  direction  opposite 
to  that  which  the  apparatus  was  at  first  calculated 
to  create,  and  which  is  thereby  greatly  weakened, 
or  completely  neutralized.  The  revival  of  the  action 
of  the  pile  by  the  readmission  of  oxygen,  he  con- 
ceives to  be  owing  to  the  latter  insinuating  itself 
between  the  pieces  of  cloth,  and  uniting  with  a  por- 
tion of  zinc,  which  it  detaches  in  the  form  of  oxide. 
This  oxide  of  zinc,  being  attracted  to  the  copper 
surface,  is  transferred  thither,  and  carries  along  with 
it  the  Electricity  with  which  the  zinc  plate  had  been 
charged  )  and  this  motion  of  transport,  he  says,  con- 
tinued from  one  end  of  the  pile  to  the  other,  will 
reestablish  the  transmission  of  Electricity.t 

(188.)  Even  in  the  Electrical  column  of  De  Luc,  the 
oxidation  of  the  metals  appears  to  be  essential  to  its 
activity  ;  for  when  the  apparatus  is  hermetically  con- 
fined in  a  given  portion  of  air,  the  phenomena  cease  in 
process  of  time,  in  consequence  of  the  want  of  oxygen. 

(189.)  Fifthly,  that  the  Electromotive  force  arising 
from  the  contact  of  heterogeneous  metals,  is  not  in- 
dispensibly  requisite  for  the  production  of  Galvanic 
action,  is  proved  by  the  success  which  has  attended 
the  attempts  of  Sir  H.  Davy,  to  form  Galvanic  bat- 
teries with  one  kind  of  metal  only,  and  two  dissimilar 
fluids,  as  already  noticed,  (sec.  114 — 116.)  Galvanic 
combinations  have,  indeed,  been  formed  without  the 
presence  of  any  metallic  substance,  (sec.  1^;)  and 
even  when  the  battery  was  composed  solely  of  animal 
substances,  (sec.  121.) 

(190.)  The  only  possible  way  of  reconciling  these 
facts  with  the  theory  of  Electromotion,  is  to  admit 
that  fluids,  as  well  as  solids,  are  capable  of  exerting  a 
d^ree  of  Electromotive  action  when  applied  to  cer- 
tain metals,  or  other  solid  substances.  Let  this  prin- 
ciple be  once  established,  and  its  operation  must  also 
be  sensible  in  the  ordinary  forms  of  Galvanic  combina- 
tions. If  it  be  admitted  that  some  portion  of  the 
effect  of  the  Voltaic  pile  may  be  ascribed  to  such  a 
power  5  we  may  next  inquire  whether  it  may  not  be 
sufficient  to  produce  the  greater  part,  nay  even  the 
whole  of  the  effect  ? 

(191.)  In  order  to  investigate  the  precise  influence 
of  the  fluids  interposed  between  the  plates  of  the 
Voltaic  instrument,  in  the  production  of  the  Electri- 
cal phenomena,  Mr.  Becquerel  has  lately  instituted  a 
series  of  interesting  and  highly  important  experiments. 
His  first  object  was  to  ascertain  what  are  the  Electrical 
states  induced,  when  an  acid  or  alkaline  solution  is 
placed  between  two  dissimilar  metals.  For  this  pur- 
pose a  copper  capsule,  filled  with  either  an  acid  or 
alkaline  solution,  was  placed  on  the  copper  plate  of 
the  condenser ;  the  solution  was  then  touched  with  a 
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plate  of  zinc,  but  so  as  not  to  conae  in  Contact  with  Fai 
the  copper;  the  lower  plate  of  the  condenser  was  ^^ 
next  touched  with  the  finger;  and  after  a  lapse  of 
twenty  seconds,  the  upper  plate  was  removed* 
The  electrometer  attached  to  the  condenser  imme- 
diately indicated  that  the  copper  capsule  had  reeeivedl 
positive  Electricity.  The  experiment  was  reversed  by 
using  a  capsule  of  zinc  filled  with  either  solution  | 
and  the  lower  plate  of  the  condenser  was  touched 
with  a  plate  •  of  zinc,  to  destroy  the  Electromotive 
action  between  the  capsule  and  the  plate  ;  and  a  plate 
of  copper,  held  between  the  fingers,  was  immersed  ia 
the  solution.  On  raising  the  upper  conducting  plate;^ 
the  electrometer  showed  that  the  zinc  capsule  had 
become  negative.* 

(199  )  It  is  proved,  then,  by  these  two  experiments^  htm 
that  when  zinc  and  copper  are  separated  by  an  acid^  ^^ 
or  an  alkaline  solution,  and  are  not  otherwise  in  con-  *^ 
tact,  the  copper  becomes  positive,  and  the  zinc  nega- 
tive.     This   result   shows   that    the    important  law 
assigned  by  Volta  to  the  action  of  the  metals,  (see. 
173,)  namely,  that  when  a  pile  is  formed  entirely  of 
metals,  the  Electrical  conditions  of  the  two  extreme 
metals  is  the  same  as  if  they  were  in  direct  contact^ 
is  not  applicable  to  the  case  in  which  an  acid  or  aUob- 
line  liquid  is  interposed  between  the  two  metals  ;  for, 
according  to  this  law,  the  zinc  should  be  positive,  and 
the  copper  negative,  which  is  just  the  contrary  of  the 
result  actually  obtained. 

(193.)  Mr.  Becquerel  also  examined  what  takef 
place  on  the  contact  of  a  metal  with  a  saline  solution  ; 
of  copper,  for  instance,  with  a  solution  of  muriate  of 
soda ;  and  found  that,  in  these  circumstances,  tiie 
copper  became  negative,  and  the  solution  positive. 

(194.)  If  we  still  consider  these  several  Electrical 
changes  efifected  by  the  action  of  the  fluids  on  the  re- 
spective metals  with  which  they  are  in  contact,  as  the 
results  of  an  Electromotive  force  ;  then  it  will  be  ob- 
vious that  such  a  force  will  entirely  cooperate  with  the 
supposed  Electromotive  force  arising  from  the  mutual 
contact  of  the  metals,  in  producing  a  circuit  of  Elee*' 
tricity  in  the  very  direction  in  which  we  observe  it  to 
take  place  in  the  Voltaic  battery,  (sec.  4.) 

(195.)  But  an  obvious  distinction  will  here  suggest  The 
itself,  between  the  Electrical  changes  resulting  from  trid 
mere   contact,  as  in  the  case  of  the  heterogeneous  ^^ 
metals,  and  those  which  accompany  the  contact  of  ^  ||^  ^ 
metal  with  a  fluid,  exerting  a  chemical  action  upon  it.  i^^ 
If  the  dry  crystals  of  an  acid  be  brought  into  contact  that 
with  a  plate  of  metal,  and  then  separated,  the  metal  ™m 
is  alwa3rs  rendered  positive,  and  the  acid  negative.f  *■** 
In  this  case,  no  chemical  combination  has  taken  place. 
But  if  the  acid,  instead   of  being  in  a  dry  crystalline 
form,  be  in  a  liquid  state,  and  capable  of  acting  cbe* 
mically  on  the  metal,  such  as  oxidating  it,  and  dis- 
solving the  oxide  so  formed,  the  Electrical  result,' as 
we  have  just  seen,  will  be  exactly  the  reverse  of  the 
former,  the  acid  will  have  become  positive,  and   the 
metal  negative.    If  the  liquid  in  the  Voltaic  battery, 
therefore,  assist  in  propelling  the  Electricities  in  the 
direction  conformable  to   these  latter  results,  as  is 
really  the  case ;   is  not  this  a  proof  that  it  does  so  in 
consequence  of  its  chemical  action,  and  not  from  any 
force  derivable,  like  that  of  the  metals,  from  mere 

*  Atmales  de  CAhnie^  torn,  xxvi 
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Galvanism,  tbe  action  of  chemical  affinities,  of  which  Electricity 
^'-•^V*'^'  may  be  one  of  the  concomitant  effects.*  But  Dr. 
Wolliiston  was  the  first  who  decidedly  pronounced 
that  the  oxidation  of  the  metal  in  the  pile  is  the 
primary  cause  of  its  Electrical  effects*  This  he  thinks 
may  be  inferred  from  the  following  experiments,  which 
exhihit  the  Galvanic  process  reduced  to  its  most 
simple  state, 

1»  If  a  piece  of  zinc  and  a  piece  of  silver  have 
each  one  extremity  immersed  in  the  same  vessel, 
containing  very  diluted  sulphuric  or  muriatic  acids, 
the  zinc  is  dissolved  and  yields  hydrogen  gas,  by  the 
decomposition  of  the  water  of  the  acid  solution:  the 
silver,  not  being  acted  upon,  has  no  power  of  decom- 
posing water;  but,  whenever  the  zinc  and  silver  are 
made  to  touch,  or  any  met^lic  communication  is  made 
between  them,  hydrogen  gas  h  also  formed  at  the 
surface  of  the  stiver.  Any  other  metal  besides  zinc, 
which  hy  assistance  of  the  acid  employed  is  capable 
of  decompoaing  water,  will  succeed  equally,  if  the 
other  wire  consist  of  a  metal  on  which  the  acid  has  eo 
effect. 

%  If  zinc,  iron,  or  copper,  are  employed  with  goldj 
in  dilute  nitric  acid,  nitrous  gas  is  formed,  in  tho  same 
manner,  and  under  the  same  circumstances,  as  the 
hydrogen  gas  in  the  former  experiment. 

3,  Experiments  analogous  to  the  former,  and 
equally  simple,  may  also  be  made  with  many  metallic 
solutions.  If,  for  instance,  the  solution  cont*\in  cop- 
per, it  will  be  precipitated  by  a  piece  of  iron,  and 
appear  on  its  surface.  Upon  silver,  merely  immersed 
in  the  same  solution,  no  such  effect  is  produced  ;  but 
as  soon  as  the  two  metals  are  brought  into  contact, 
the  silver  receives  a  coating  of  copper*  In  this  case. 
Dr.  WoUaston  adds,  we  have  no  reason  to  iuppose 
that  the  contact  of  the  silver  imparts  any  new  power  j 
but  merely  that  it  serves  as  a  conductor  of  Electricity, 
and  thereby  occasions  the  formation  of  hydrogen 
gas.t 

Attempts  have  often  been  made  to  reconcile  these 
two  theories,  hy  supposing  that  the  causes  as«^igned 
both  by  the  one  and  by  the  other,  are  jointly  in  opera- 
tion, and  concur  in  producing  the  observed  phenomena. 
Sir  IL  Davy  conceived  that  the  Electricity  evolved  by 
the  mutual  contact  of  the  metals,  might  be  the  first 
step  in  the  series  of  Electrical  changes  j  and  that  the 
effect,  so  begun,  was  continued  and  incretiseil  by  the 
chemical  actions  taking  place  between  the  oxidahle 
metal  and  the  fluid,  which  tended  to  restore  the  cqulli- 
brlura  of  Electricity  between  the  adjacent  plates  of 
successive  pairs.  He  also  thought  that  the  law  of 
induction  was  in  operation  among  the  different  strata 
of  the  pile,  and  contributed  to  increase  the  intense 
Electrical  state  of  each,  in  every  successive  alternation 
of  the  ternory  elements.  Induction,  it  is  well  known, 
takes  place  only  when  the  transmission  of  Electricity 
ia  prevented  by  the  interposition  of  a  non-conducting 
medium ;  and  the  hquld  portion  of  the  pile,  having 
but  imperfect  conducting  powers,  might  thus,  as  Sir 
H,  Davy  supposed,  give  occasion,  in  Electricities  of 
such  low  intensity,  to  a  degree  of  Electrical  induction. 
Thus  every  copper  plate  being  itself  negative,  pro- 
duces by  Induction  an  increase  of  positive  Electricity 
upon  tbe  opposite  zinc  plate  j  and  every  zinc  plate,  an 
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increase  of  negative  Electricity  on  the  opposite  copper 
plate  I  the  intensity  increasing  with  the  number,  and 
the  quantity  with  the  extent  of  the  series.*  It 
has  been  objected  to  this  explanation  of  the  action  of 
the  pile,  that  tlie  effects  of  induction  are  most  con- 
spicuous when  the  interposed  substance  has  the  least 
conducting  power;  while  in  the  Voltaic  pile,  on  the 
contrary,  the  greater  the  conducting  power  oP  the 
fluid,  the  Uiore  powerful  are  its  effects.  Comparative 
insulation  of  tbe  parts  of  the  pile,  even  by  liquids,  is 
by  no  means  an  essential  requisite  for  the  action  of 
the  instrumenL  Some  curious  experiments  on  this 
subject  have  been  made  by  Mr.  Singer,  which  it  would 
take  too  much  space  to  detail,  but  to  which  we  beg 
leave  to  refer  our  readers.!  Mr.  Children,  by  apply- 
ing to  his  large  battery  an  arrangement  which  re- 
duced the  whole  to  a  single  pair  of  plates  of  zinc  and 
copper,  each  presenting  a  surface  of  1344  square  feet, 
found  that  when  they  were  suspended  quite  out  of 
contact  with  any  liquid,  they  produced  no  sensible 
effect  on  a  connecting  wire  of  platina,  the  5000th  of 
an  inch  in  diameter  j  although  the  same  wire  w  ould 
have  been  instantly  ignited  by  a  single  pair  of  such 
plates,  one  inch  square,  immersed  in  a  diluted  acid. 
The  ratio  of  the  areas  of  the  plates  in  the  two  experi- 
ments was  as  I  to  48384  ;  yet  no  traces  of  Electricity 
by  induction  were  discovered. 

(203.)  A  variety  of  theoretical  views  have  been 
entertained  by  different  philosophers  on  the  subject  of 
the  excitation  of  Galvanic  Electricity,  and  on  the 
mode  in  which  it  is  transmitted  along  the  series  of 
alternations  composing  the  battery,  and  accumulated 
at  its  poles.  But  it  would  far  exceed  the  limits  within 
which  we  must  confine  ourselves,  to  enter  into  eo 
extensive  a  field  of  speculation,  or  even  to  attempt 
giving  such  an  outline  of  these  theories  as  could  be 
rendered  intelligible  in  so  small  a  space.  It  must  be 
admitted,  indeed,  that  notwithstanding  the  laborioaa 
researches  of  so  many  experimentalists  in  this  depart- 
ment of  science,  many  important  questions  with  respect 
to  the  origiiiof  Galvanic  power,  still  remain  unresolved* 
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3.  Theory  of  the  Chemical  ejects  of  Galvanism, 

(^04.)  Having  discussed  the  principal  theories  that 
relate  to  the  origin  of  Galvanic  power,  there  still  re- 
mains another  branch  of  inquiry  j  namely,  into  the 
mode  in  which  the  different  phenomena,  we  have 
described  as  the  eifects  of  that  power,  are  produced. 

(^OB,)  The  operation  of  the  Electric  currents,  set  ''^ 
in  motion  by  the  Voltaic  apparatus,  in  the  ignition  of  ^ 
metallic  contluctors,  and  in  producing  various  physio-  of^ 
logical  effects  by  their  passage  through  animal  bodies,  i 
is  in  general  sufficiently  Intelligible  from  its  analogy 
with  corresponding  effects  produced  by  ordinary  Elec- 
tricity, The  same  observation  applies  also  to  the 
Electro-Magnetic  results  which  are  obtained  by  Vol- 
taic Electricity.  The  theories  of  all  these  phenomena 
have  no  particular  relation  with  Galvanism,  but  are 
comprehended  in  the  general  theory  of  Electricity, 
which  we  have  elsewhere  considered* 

(206,)  We  oughts  perhaps,   to   except  from  this 

•  Philosophical  IS'ansactiQHs  fur  1807,  p.  45  ;  and  ElancnU  of 
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generalization ,  the  phenomena  of  cbcmical  decom- 
position, produced  in  the  fluids  that  are  interposed 
in  the  circuit  of  communication  between  the  two 
poles  of  the  Voltaic  battery,  and  which  almost 
exclusively  appertain  to  the  science  of  Galvanisni.  It 
is  a  subject,  btsides,  involving  peculiar  difficulties,  and 
respecting  which  there  still  prevails  much  obscurity. 
We  shall  fi rat  give  a  statement  of  thc^e  difficulties, 
and  then  take  a  view  of  the  theories  which  have  been 
proposed  for  their  solution. 

{^7,)  Let  us,  ill  order  to  simplify  the  inquiry,  first 
consider  the  phenomena  presented  by  the  deeompoai- 
lion  of  water  in  the  interrupted  circuit  of  the  Voltaic 
battery.     It  is  found  that  when  the  battery  is  power- 
fult   the  two  wires  which  form  the  communication 
with   the   poles,   may  be  situated  at  a  considerable 
distance  from  each  otherj  and  even  placed  in  separate 
TMsels,  provided  the  portions  of  water  in  which  they 
(enninale,  are  made  to  coomiunicate  w^ith  one  another 
by  means  of  a  syphon  full  of  water,  or  even  by  mois- 
tened threads.     It  is  evident  that  the  Electricity,  of 
which  the  wires  are  the  conductors,  mtist  here  pass 
through  a  considerable  circuit  of  water,  in  its  course 
between  the  extremities  of  the  wires  ;   and  yet,  under 
these  circumstances,  we  find  that  the  whole  of  the 
oxygen  of  the  water  which  is  decomposed  is  collected 
at  the  positive  wire,  while  the  hydrogen  is  found  at 
the  negative  wire.     How,  it  may   be  asked,  is  this 
transfer    of  the    respective   elements   of    the    water 
effected  ;   and  in  what  part  of  the  circuit  does  the 
tlccomposition  take  place  ?     If  we  suppose  the  particle 
of  water  in  contact  with  the  positive  wire  to  be  the 
one  that  gives  out  its  oxygen  by  the  influence  of  the 
positive  Electricity,  why  is  not  its  other  element,  the 
hydrogen,  also  extricated  at  the  same  point  j  and  what 
his  become  of  it  ?     We  observe,  indeed,  that  a  bubble 
of  hydrogen  has  been  given  out  at  the  negative  wire. 
Is  this  the   identical  particle,    the   disappearance    of 
•rbich  at  the  positive  wire  we  were  at  a  loss  to  account 
for?     But  if  it  be,  how  can  it  have  travelled  unseen, 
and  undetected  by  any  indication  of  its  rapid  move- 
ment, through  so  great  an  intervening  space?     The 
irelocity  requisite  for  such  a  transfer  would  be  exceed- 
ingly great,  as  ajjpears  from  the  following  experiment 
;'i  which  was  made  in  the  year  1807,  by  the  Writer  of 
this  Paper,  in  conjunction  with  Mr.  Sylvester.     The 
ids  of  tw^o  platina  wires,  communicating  with  the 
les  of  a  powerful  battery,  w^erc  introduced  into  two 
;parate  vessels  of  w^ater,  which  were  made  to  com- 
ittoicate  by  a  tube,  bent  in  the  form  of  a  syphon,  and 
filled  with  a  solution  of  muriate  of  soda.     The  whole 
length  of  the  circuit  of  fluid  between  the  two  wires 
was  forty-six  inches.     Microscopes  were  applied  to  the 
ends  of  the  wires,  for  the  purpose  of  enabling  the  two 
obeervers  to  ascertain  the  precise  moment  when  the 
g^Bes  made  their  appearance  at  the  respective  wires. 
No    sensible    interval    of   time    could    be   perceived 
between    the   appearance  of   the  oxygen  gas  at  the 
positive,    and  of  the  hydrogen  gas  at  the   negative 
wire,  when  the  commnaicattons  with  the  battery  were 
established. 

(208.)  The  transfer  of  material  and  ponderable  sub- 
ces,  such  as  those  which  constitute  the  elements 
of  water,  with  even  a  moderate  velocity,  might  be 
expected  to  produce  visible  currents  in  the  fluid 
through  which  they  passed;  for  their  motion,  what- 
ever be  the  moving  force  which  produced  it^  must  be 


accompanied  by  a  certam  momentum,  and  must  dis*  Part  IV, 
place  the  particles  of  the  fluid  ihrowgh  which  they  pass, 
and  which  oppose  their  passage.  But  no  indication  of 
any  current  or  displacement  of  the  fluid  can  be  detected. 
When  the  fluid  contains  globules  of  dust,  which  by  their 
movements  w^ould  point  out  such  currents  if  they  ex- 
isted, all  appears  tranquil  and  unchanged,  even  when 
subjected  to  minute  inspection  in  the  field  of  a  micro- 
scope. Mr.  Wilkinson  on  applying  a  magnifying  power 
of  about  300,000  times  w  ith  a  solar  microscope,  could 
not  detect  any  current.*  Professor  A.  de  la  Rive,  of 
Geneva,  made  the  same  observation  by  employing  a 
microscope  of  Amici.t  It  is  evident  that  if,  instead 
of  assuming  the  decomposition  to  take  place  in  the 
particles  of  water  in  immediate  contact  with  the 
positive  wire,  it  were  supposed  to  take  place  in  any 
other  part  of  the  line  of  circuit,  the  same  difficulty 
would  occur  in  explaining  the  transfer  of  one  or  other, 
or  of  both  the  elements. 

(^OD.)  So  great  has  been  the  difficulty  of  explaining  Hence  tlie 
these  phenomena  of  transfer,  that  in  the  opinion   of  composi- 
some  chemists  it  has  been  deemed  entirely  subversive  ^^terwai 
of  the  doctrine  of  the  composition  of  water.     Conform-  doubted, 
ably  with  this  view,  water  was  considered  as  a  simple 
substance,  constituting  the  ponderable  bases  both  of 
oxygen  and   of  hydrogen   gases ;   the  former  being 
composed  of  water  united  to  positive  Electricity,  the 
latter,  of  water  combined  with  negative  Electricity. 
This  theory  was  first  advanced  by  Professor  Hitter  of 
Jena,  and  was  embraced  by  several  other  philosophers  j 
it  was  again  brought  forward  by  Dr.  Gibbcs,  of  Bath, 
in  a  Paper  which  was  read  to  the  Royal  Society,  but 
not  published. 

(^10.)    Another  solution  of  the  difRculty  was  at- Theory  of 
tempted  by  Monge,  on  the  supposition  that  when  one  Mon^e  and 
of  the  elements  of  water  is  liberated  by  the  influence  ''ourcroy. 
of  Electricity,  the  other  combines  with  the  adjoining 
particles  of  water,  forming  water  with  excess,  either 
of  hydrogen  or  of  axygen  j  these  new  compounds  are 
supposed  to  pass  in  a  continued  stream  to  the  opposite 
wires,  where  they  again  part  with  the  superabundant 
ingredient,  which  appears  in  its  natural  form.     This 
hypothesis   was  niaiiitained  in  a  detailed  memoir  by 
Fourcroy»  + 

(211.)    Dr.   Bostock  has   proposed   an    hypothesis  Dr  Bos- 
wViich  is  remarkable  for  its  ingenuity,  and  its  acc<Jrd-  ^^^^  * 
a  nee  with  a  variety  of  facts  relating  to  this  subject,  "^^^^f- 
He  flufiposes  that  a  strong  attraction  exists  between 
Electricity  and   hydrogen.       The   Electricity    which 
passes  from  the  positive    wure  into    the   walerj  and 
decomposes  it,  whereby  its  oxygen  is  liberated,  unites 
with    the   hydrogen,   and  carries   it    invisibly    to  the 
negative  wire  j   the  superior  attraction  of  which  for 
Electricity,   again    occasions   the    separation    of   the 
hydrogen,  and  its  appearance  in  the  gaseous   state. 5 
But   this  theory  would  require,  as  we  shall  presently 
.see,  to  be  greatly  modified  in  order  to  reconcile  it  with 
more  complicated  cases  of  transfer. 

(212.)  In  a  Paper  which  was  read  to  the  Manchester  Dr.  Roget's 
Philosophical  Society  in   1807,  but  not  published.  Dr.  c^iplona- 
Roget  suggested  the  following  mode  of  explaining  the  ^^^^^ 
phenomena.      "Instead   of  supposing  Electricity  to 

•  Ehmentx  nf  QnhttHhni^  ii,  .136. 
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X  Si-e  Report  made  to  ihe  Frencli  National  Institute  by  CiJTier. 
%  NicliolsiOti's  Jtmrtial^  \\i.  9.     See  iilsa  Thomaoa's  JinnaiM  of 
Phiiosap/iy,  in.  85. 
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GtlfiBfam.  hnye  an  affinity  for  hydrogen,  let  us  suppose  it  repul- 
.^  ■  y  ■  ^  giye  of  that  element.  We  may  conceive  the  agency 
of  Electricity  to  extend  throughout  the  whole  of  the 
fluid  line  connecting  the  two  wires.  The  hydrogen 
existing  in  every  particle  of  the  water  in  this  line, 
urill  have  a  tendency  to  move  from  the  negative 
towards  the  positive  wire.  These  particles  of  hydro- 
gen may  be  considered  abstractedly  as  forming  a  row 
of  particles  ;  while  those  of  oxygen  compose  another 
row.  While  the  particles  in  the  former  row  are 
moving  together,  by  the  agency  of  the  Electricity,  in 
"  a  direction  towards  the  negative  wire,  all  those  which 
have  not  yet  reached  it,  will  merely  have  to  pass  in 
succession  from  one  particle  of  oxygen  to  the  next, 
among  those  in  the  latter  row.  They  will  not  appear 
in  the  form  of  gas,  because  the  instant  each  particle 
has  quitted  the  particle  of  oxygen  with  which  it  was 
associated,  it  finds  another  to  combine  with  \  and  this 
process  will  continue,  till  it  has  arrived  at  the  end  of 
the  line,  when  finding  no  oxygen  to  unite  itself  with, 
it  will  make  its  appearance  in  the  form  of  a  bubble  of 
gas.  In  like  manner,  the  first  particle  of  hydrogen  in 
the  series,  by  its  abandoning  the  first  particle  of 
oxygen,  which  finds  no  other  particle  of  hydrogen  to 
replace  it,  occasions  the  oxygen  to  appear  at  that  point 
in  the  form  of  gas.  We  have  thus  the  two  gases 
formed  at  each  end,  not  from  the  same  individual 
particle  of  water,  but  from  the  two  which  happen  at 
that  moment  to  be  in  contact  with  the  wires.  The 
production  of  the  two  gases  will  take  place  at  the 
same  instant  in  both  places ;  each  particle  having 
only  to  move  one  step,  that  is,  from  one  particle  to 
the  adjoining  one,  instead  of  having  to  traverse  the 
whole  extent  of  the  line :  and  no  current  will  be 
perceptible  in  the  fluid.  The  current  of  hydrogen 
which  sets  in  one  direction,  will  necessarily^  accom- 
panied by  a  corresponding  current  of  oxygen  in  the 
contrary  direction.  If  this  theory  be  correct,  the 
operation  of  gravity  in  favouring  the  descending  cur- 
rent of  the  heavier  element,  namely,  oxygen,  might 
be  rendered  sensible ;  and  that  this  is  actually  the  case, 
is  confirmed  by  an  observation  of  Mr.  Sylvester,  who 
found  that  when  the  wire  which  gives  out  oxygen  is 
placed  below  that  which  gives  out  hydrr^en,  the 
effe«'.t  is  sensibly  greater,  than  when  the  positions  are 
reversed."  A  similar  view  of  the  subject  has  been 
taken  by  Dr.  Henry,*  and  by  Grotthus.f 
Motions  (^13.)  That  visible  motions  are  sometimes  produced 

exhibited  in  fluid  conductors  when  transmitting  the  Electric  cur- 
by  mercury  ^ent,  has  been  shown  by  Sir  H.  Davy ;  who  noticed 
very  singular  convulsive  agitations  into  which  mercury 
is  thrown,  when  placed  within  the  circuit  of  a  povrer- 
fol  Voltaic  battery  discharged  through  water. t  These 
motions,  which  frequently  are  of  a  violent  and  capri- 
cious kind,  have  attracted,  more  particularly  the 
attention  of  Mr.  Herschel,  who  has  made  them  the 
subject  of  an  interesting  research,  of  which  he  has 
lately  given  an  account  in  a  Paper  read  to  the  Royal 
Society  i§ 

(214.)  But  none  of  the  theories  we  have  been  consider- 
ing are  adequate  to  explain  the  phenomena  of  the  transfer 


*  ManchtMUr  Memoin,  New  Series,  ii.  293;  and  Nicholson's 
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of  the  elements  of  saline  bodies,  of  which  we  have   B 
already  given  an  account,  (sec.  56 — 60.)     They  more  v^ 
especis^y  fail  when  applied  to  the  cases  in  which  theae 
elements  are  made  to  traverse  other  fluids,  (sec.  6l.> 

(215.)  Some  interesting  researches  on  this  subject  Re 
have  lately  been  made  by  Professor  A.  de  la  Rive.*  By  ofl 
dividing  the  interior  of  a  vessel  into  three  compart-  ^ 
ments,  by  means  of  partitions  of  bladder,  whkh  pre- 
vented  the  mixture  of  the  liquids  contained  in  each 
compartment,  but  did  not  intercept  the  passage  of 
the  Electric  currents,  he  ascertained  from  the  changes 
of  colour  in  blue  vegetable  tests  added  to  a  solution 
of  muriate  of  soda,  with  which  all  the  compartments 
were  filled,  that  the  decomposition  of  the  salt  iodc 
place  only  in  those  parts  which  were  in  immediate 
contact  with  the  metallic  wires.  However  long  the 
experiment  was  continued,  no  alteration  of  colour 
took  place  in  the  liquid  occupying  the  middle  compart- 
ment. Hence  he  infers,  that  the  whole  mass  of  the 
solution  does  not,  as  was  supposed,  divide  itself  into 
two  portions,  the  one  positive  and  the  other  negative 

(216.)  Mr.  Porret  had  already  observed,  that  if  a  vessel  ^ 
be  divided  by  a  membranous  partition  into  two  compart-  *! 
ments,  of  which  the  one  was  filled  with  water,  and  the  " 
other  contained  but  a  very  small  quantity  i   and  if  the 
positive   wire    be  inserted   in   the  former,   and    the 
negative  wire  in  the  latter,  the  water  will  be  impelled 
from  the  first  compartment  into  the  second,  tbroii^h 
the  partition ;  and  will  at  length  rise  to  a  higher  level 
in  the  latter  than  in  the  former,  f     M.  de  la  Rive,  fl 
upon   repeating    these  experiments,  found  that   this  h 
result  is  obtained  only  when  distilled,  or  river  water^  ^ 
which  has   but  a  small  conducting  power,  is  used ; 
but   if  a  sufficiently  concentrated   saline   solution  is 
employed,  no  effect  of  impulsion  is  perceptible.    On 
varying  the   experiments    by   employing  a    greater 
number  of  compartments,  to  which  tubes  were  MS- 
pectively  joined,  so  as  to  indicate,  by  the  height  nt 
which  the  fluids  stood  in  them,  the  changes  of  volaase 
taking  place  in  each  particular  portion  of  the  solution, 
he  deduced  the  conclusion  that  their  decomposition  C 
was  effected  only  in  those  parts  that  were  in  imme-  "^ 
diate  contact  with  the  metallic  surfaces,  which  cons-  ^ 
municated  and  received  the  Electricities,  that  is  act  the  n 
positive  and  negative   poles.     This  result  was   idso 
confirmed  by  placing  at  the  same  time  several  different 
solutions  in  the  circuit.     If,  for  instance,  a  solution  of 
muriate  of  amnoonia  occupy  the  two  extreme  ooas- 
partments,  while  the  intermediate  one  is  filled  with 
solution  oi  sulphate  of  zinc,    the  elements  of  the 
former  alone  will  be  developed  at  the  respective  poles; 
on  the  other  hand  the  elements  of  the  sulphate  of 
zinc,  will  make  their  appearance  separately,  when  this 
order  is   reversed,   by  placing   this  solution  in  the 
extreme  compartments,  and  that  of  muriate  of  am- 
monia in  the  middle  one. 

(817.)  The  experiments  in  which  totally  different  saline  i\ 
solutions  are  placed  at  the  two  ends  of  the  circuit,  fe 
and  in  which  it  is  found  that  the  two  acids  are  accomn-  ^ 
lated  at  the  positive,  and  the  two  bases  at  the  negative  ^j 
wire,  prove  that  there  is  an  actual  transfer  of  these  of 
elements  through  the  whole  line  of  circuit.  It  appears, 
then,  that  the  two  Electric  currents  which  traverse  the 
fluid,  decompose  the  first  particles  with  which  they  meet, 

•  jhmah  de  Ckmie  et  de  Pifriqme,  182^ 
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I**'  and  carry  along  with  them,  respectively,  the  particular 
^^  elements  for  which  Ihey  have  an  affinity. 


I 


I 


Ihey  have  an  afBnIty,  and  again  de^ 
posit  these  elements  on  arriving  at  the  metallic  surface, 
i^hlch  they  enter  in  proceeding  on  their  course  towards 
the  pole  of  the  battery  to  which  they  are  tending, 

(218.)  Thus,  in  explaining  on  this  hypothesis  the  Gal- 

raaic  decomposition  of  water,  it  may  be  assumed  that 

die  Electric  current  which  issues  from  the  positive  pole, 

seizes  upon  the  particle  of  hydrogen  belonging  to  the 

coDti^ous  particle  of  water,  and  carries  it  on  till  it 

reaches  the  negative  pole,  where j  meeting  with  a  solid 

conductor,  which  is  innpervious  to  the  hydrogen,  the 

JElectricity  ubaodous  it  on   entering  into  the   metal. 

The  current  of  negative  Electricity  acts  in  the  same 

^wgrny  upon  the  oxygen,  and  effects  its  transfer  from  the 

negative  to  the  positive  pole.     The  same   processes 

are   effected  with  regard  to  the  acids  tiud  bases  of 

sails  ;  and  when  one  element  is  carried  by  the  Electric 

current  through  a  fluid  for  whicli  it  has  an  affinity,  the 

result  will  depend   on  the  balance  of   affinities  ^     if 

that   which  it  has  for  Electricity  should   prevail^  it 

continues  its  course  in  conjunction  with  it  \   but  if  its 

affinity  for  the  clement  of  the  liquid  happen  to  pre- 

dotninate,  it  quits  the  Eiectriciiy  and  remains  behind. 

We  6nd  the  latter  case  occur  whenever  an  iusoluble 

c^ompoiuid  is  the  result  of  such  an  affinity^  as  in  the 

ejuunples  given  in  sec.  63. 

(219.)  M.  de  la  Rive  ascertained  by  the  application 
of  a  very  delicate  galvanometer^  that  Electric  currents 
were  established  in  the  fluid  between  the  two  wires  ; 
and  that  they  occupied  a  considenible  extent  in  the 
fitild,  and  were  most  intense  in  the  direct  line  joining 
the  two  poles,  and  eapecjaily  in  the  vicinity  of  those 
poles.  The  extent  of  diffusion  of  these  currents  was 
uniformly  in  proportion  as  the  fluid  was  a  more 
imperfect  conductor  of  Electricity  ;  so  Oiat  it  would 
appear  that  each  current,  on  emanating  from  its 
respective  pole,  and  meeting  with  a  substance  which 
opposed  an  obstacle  to  its  free  passage,  was  obliged 
to  deviate  from  the  rectilineal  course,  in  order  to 
describe  a  curve  in  passing  to  the  opposite  pole. 
Hie  experiments  of  Mr.  Herschel  above  referred  to 
tend  to  throw^  great  light  on  this  curious  subject. 

(920.)  This  diffusion  of  the  currents  througbout  the 

f  whole    licfuid  was   rendered   still  more  manifestj   by 

iet^AfAti^g   the    vessel  which   contained    it    into  two 

compartmeots,  by  a  lamina  of  platina.     Although  the 

plale  of  metal   was  situated  (»erpendicularly  to  the 

line  joining  the  two  wires,  and  was   nearly  an  inch  in 

diamricr  j    and  although  each  of  the  wires  was  at  a 

distaace  of  only  three  inches  from  the  plate,  yet  there 

appeared  on  each  of  it^  sides,  and  over   its  whole 

aurliice.  a   very  considerable  disengagement  of  gas  \ 

axid  the  saline  solution,  which  was  coloured  blue,  re- 

oeiired  a  red  and  green  tinge,  in  every  part  which  was 

ccKitignous  to  the  surface  of  the  plate.    By  interposing 

zt  greater  number  of  plates,  the  decompositions  were 

effected  in  much  greater  quantity^  for  they  took  place 

at   each  of  the  surfaces   through  which  the  Electric 

currents   were  thus   made   to   pciss.     Thft  effect  was 

much  diminished,  as  indeed  might  be  expected,  if  the 

dlfiereot  portions  of  £uid  were  allowed  to  communi- 


cate round  the  edges  of  the  metallic  partitions  j  as  a 
considerable  part  of  the  Electric  currents  found  their 
way  by  this  circuitous  route,  which  they  seemed  to 
ti^ike  in  preference  to  the  more  direct  passage  through 
the  plates*  From  a  number  of  experiments  in  which 
M.  de  la  Rive  succeeded  in  forming  a  comparative 
estimate  of  the  intensities  of  the  currents  under  dif* 
ferent  circumstances,  by  means  of  a  magnetic  galva-* 
nometer,  he  ascertained,  that  the  intensity  of  theElec- 
tric  current  is  impaired  according  to  the  number  of 
metallic  plates  which  are  interposed  in  its  passage. 
The  diminution  of  intensity  is  next  to  nothing  when 
the  current  is  very  energetic,  and  proceeds  from  a  pile 
composed  of  a  great  number  of  plates ;  but  it  be- 
comes more  and  more  sensible,  according  as  the  ori- 
ginal intensity  of  the  current  is  less  considerable, 
When,  in  two  comparative  experiments,  in  which  the 
current  had  passed  through  an  unequal  number  of 
plates,  the  intensity  has  been  rendered  equal,  that 
current  which  had  previously  passed  through  the 
greater  number  of  plates,  will  pass  through  every 
succeeding  plate  with  less  diminution  of  intensity  than 
the  other.  When  different  metals  were  used  in  these 
experiments,  it  was  found  that  the  more  readily  the 
metal  was  acted  upon  by  the  liquid  conductors,  the 
less  was  the  diminution  of  intensity  produced  by  the 
passage  of  the  Electric  currents  through  them, 

f^'il.)  By  the  aid  of  the  conclusions  deduced  from 
these  interesting  researches,  M.  de  la  Rive  is  enabled 
to  account,  in  a  very  satisfactory  manner,  for  the 
differences  of  effect*  particularly  in  regard  to  chemical 
decomposition  which  accompany  the  multiplication 
of  pieces  in  the  Voltaic  pile.  The  Electric  current  is 
disposed  to  pass  with  greater  readiness  through  im^ 
perfect  conductors,  which  present  a  degree  of  resist- 
ance when  it  has  previously  traversed  a  great  number 
of  metallic  plates.  The  phenomena  correspond  with 
those  which  would  take  place,  if  we  could  imagine  that 
there  were  two  distinct  portions  of  Electric  currents, 
the  one  caftable  of  passing  indiscriminately  through  all 
sorts  of  conductors,  good  or  bad  ;  the  other  capable  of 
passing  through  good  conductors  alone.  The  passage 
of  the  currents  through  a  great  number  of  plates 
effects  a  separation  of  these  tw'o  portions,  the  plates 
retaining  that  which  cannot  pass  through  liad  cou* 
ductors,  and  giving  passage  to  the  other  portion  alone. 
The  Electricity  elicited  by  a  pile  consisting  of  a  small 
number  of  plates,  not  having  been  thus  jUtereil,  (if 
the  expression  may  be  allowed,)  only  a  pru't  of  it  will 
pass  through  an  imperfect  conductor  which  is  pre- 
sented to  it,  and  the  other  part  will  be  arrefiled  ;  but 
if  a  good  conductor  be  presented  to  it,  the  whole  of 
the  Electricity  finds  a  ready  passage;  and  the  effects  it 
will  produce  w  ill  be  much  greater.  Electricity  of  the 
former  kind  will  only  be  capable  of  producing  che- 
mical de  compos  itionsj  and  of  passing  through  orga- 
nized bodies  j  but,  in  the  latter  case,  it  is  adequate  to- 
the  production  of  all  the  calorific  and  Magnetic  effects. 
These  important  modifications  in  the  action  of  Electric 
currents,  obtained  by  different  means,  suggest  a  re- 
markable analogy  with  the  modifications  of  Light  and 
of  Hcatj  under  circumstances  somewhat  parallel. 
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HISTORY  OF  GALVANISM. 


GalTanism.  (222.)  The  full  account  which  we  have  given  of 
the  principal  facts  belonging  to  the  science  of  Gal- 
vanism, and  of  the  most  plausible  theories  devised  for 
their  explanation,  may  be  regarded  as  comprising  an 
exposition  of  the  present  state  of  our  knowledge  in 
this  department  of  Physics,  and  will  supersede  the 
necessity  of  our  entering  into  any  copious  historical 
details  as  to  the  researches  and  opinions  of  its  early 
cultivators.  Little  interest  can  attach  to  speculations 
in  which  truth  is  so  much  involved  in  error  as  to  be 
with  difficulty  recognised  3  or  to  laborious  investiga- 
tions, undertaken  with  a  view  of  ascertaining  facts 
which  we  have  since  been  able  to  arrive  at  by  a  much 
shorter  process.  Still  less  need  we  dwell  upon  abor- 
tive attempts  to  establish  theories,  which  our  more 
enlarged  acquaintance  with  the  subject  enable^  us 
easily  to  refute.  Much  instruction,  it  is  true,  may 
often  be  reaped  from  a  revision  of  the  steps  by  which 
important  principles  were  deduded  ^  but  for  this  pur- 
pose it  would  be  necessary  to  enter  into  a  minuteness 
of  detail  incompatible  with  the  objects,  and  far  ex- 
ceeding the  limits  of  this  Treatise.  We  must  content 
ourselves,  therefore,  with  presenting  a  very  brief 
outline  of  the  History  of  Galvanism.* 

(223.)  This  science  owes  its  origin  to  an  accidental 
observation  made  in  the  year  1791,  in  the  laboratory  of 
Galvani,  Professor  of  Anatomy  at  Bologna.  His  wife, 
being  in  a  declining  state  of  health,  employed  as  a 
restorative  a  soup  made  of  frogs.  Several  of  these 
animals  deprived  of  their  skin  happened  to  be  lying 
on  a  table,  near  an  £lectrical  machine.  While  the 
machine  was  in  action,  one  of  Galvani*s  pupils  hap- 
pened to  touch,  with  the  point  of  a  scalpel,  the  crural 
nerve  of  one  of  the  frogs  that  was  nearest  to  the 
prime  conductor  5  when  it  was  observed,  that  upon 
each  contact,  the  muscles  of  the  limb  were  thrown 
into  strong  convulsions.  This  curious  fact  attracted 
the  notice  of  the  Professor's  lady,  who  communicated 
it  to  her  husband.  He  repeated  the  experiment,  and 
varied  it  in  different  ways ;  he  then  perceived  that  the 
convulsions  took  place  only  at  the  time  that  a  spark 
was  drawn  from  the  prime  conductor,  while  the  nerve 
of  the  frog  was,  at  the  same  moment,  touched  by  a 
substance  which  was  a  good  conductor  of  Electricity. 

(224.)  It  is  a  curious  circumstance,  that  about  a 
century  before,  the  very  same  observation  had  been 
made  by  Du  Verney,t  without  its  having  attracted 
from  philosophers  the  attention  it  deserved ;  and  when 
it  occurred  to  Galvani,  it  might,  perhaps,  have  shared 
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•  The  best  work  on  this  subject  is  that  of  Dr.  Bostock,  pub- 
lished in  1818,  and  entitled  y/n  Account  of  the  History  and 
Present  State  of  Galvanism.  It  is  executed  with  great  accu- 
racy and  ability,  and  we  have  been  much  indebted  to  it  in 
drawing  up  the  following  summary. 

t  Hiitoire  de  C  Academic  Roy  ale  det  Sciatces  pour  1700,  p.  40. 


the  same  fate,  had  it  not  been  that  this  philosophet  ^ 
happened  to  be  at  that  time  engaged  in  an  investiga-  ^ 
tion  into  the  theory  of  muscular  motion,  which  he 
conceived  was  owing  to  Electricity.  This  newly 
observed  fact,  appearing  to  confirm  his  hypothesis  in 
a  very  remarkable  manner,  inspired  him  with  new 
ardour  for  prosecuting  the  inquiry.  He  found  that 
contractions  could,  be  excited  in  the  limbs  of  frogs  b|r 
the  Electricity  of  the  atmosphere  -,  and  in  the  course 
of  his  investigations  on  his  subject,  he  was  led  to  the 
discovery  that  an  effect  of  the  same  kind  was  pro-* 
duced,  independently  of  the  Electricity  of  surrounding 
bodies,  merely  by  establishing  a  communication  by 
means  of  metals  between  the  nerves  and  muscles'. 
He  drew  from  his  experiments  the  general  conclusioot 
that  these  different  animal  parts  possessed  an  inherent 
Eleotricity,  forming  an  apparatus  analogous  to  the 
Leyden  jar,  which  might  be  discharged  by  the  appli- 
cation of  proper  conductors. 

(225.)  Soon  after  the  publication  of  Galvani*s  work,*  Ri 
in  which  these  discoveries  are  detailed,  there  appeared  ^ 
some  letters  of  Vallif  on  the  same  subject ;  and  in 
the  year   1793,  Dr.  Fowler  published  his  Essay  on  Fa 
Animal  Electricity,  in  which  he  discusses  with  great' 
ability  the  question  whether  the  phenomena  of  Gtal^ 
vanism  are  referable  to  Electricity;  and  is  led,  in 
consequence  of  the  imperfect  state  of  tlie  science  mt 
the  time  he  wrote,  to  form  the  opinion  that  they  are 
the   results  of  distinct  agents.      He  made  a  great 
number  of  observations  on  the  effects  of  Galvaniam 
in  different  animals,  and  on  different  parts  of  animals. 
He  repeated  the  experiments  of  Sulzer,  already  no- 
ticed, (sec.  85 ;)  and  the  same  subject  was  further  pro- 
secuted by. Professor  Robison.  Re 

(226.)  Professor  Volta,  of  Pavia,  in  a  letter  tovc 
CavaUo,  published  in  the  Philosophical  Transactions  for 
1793,  entered  into  a  train  of  highly  original  observa- 
tions and  experiments.  He  successfully  refixted 
Galvani*s  hypothesis  concerning  the  analogy  0/  the' 
animal  body  to  the  Leyden  jar ;  and  laid  the  first  foun-' 
dations  of  that  theory,  which  has  since  found  so  many- 
advocates;  namely,  that  the  phenomena  arise  from* 
the  developement  oJF  small  quantities  of  Electricity  by 
the  mutual  contact  of  two  different  metals,  and  that 
the  animal  organs  are  affected  in  consequence  of  thw 
being  highly  susceptible  of  this  Electrical  influence.  -' 

(227.)  Dr.  Wells's  Paper  on  this  subject,  in  the  ^ 
Philosophical  Transactions  for  1795,  is  deserving  of 
notice,  as  establishing  his  claim  to  the  discovery  of 
the  fact,  that  charcoal  may  be  employed,  togetherwith 
one  of  the  metals,  in  exciting  the  Galvanic  influence  j ' 
and  that  it  is  also  a  conductor  of  that  influence.  Dr. 
Wells  arrives  at  the  correct  conclusion,  that  Galvanism 

*  De  Viribus  Electricitatis  in  Motu  Musculari  Commentarim, 
f  Journal  de  Physique,  torn.  zlL  and  xlii. 
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Is  identical  with  Electricity  j  from  the  considera- 
tion that  the  same  bodies  are  equally  conductors  of 
both.  It  is  singular  that  Hitiixbaldt>  who  engaged 
about  the  same  period  in  a  very  extensive  series  of 
iQvestigations  on  the  irritability  of  the  miiscidar  fibre, 
as  a  test  of  which  he  employed  the  Galvanic  power, 
should  have  adopted  an  opinion  opposite  to  that  of 
I>r*  Wells  on  this  subject,  and  as  we  now  know^ 
<x>ntrary  to  the  truth.  He  may,  however,  be  consi- 
dered as  the  discoverer  of  the  very  important  fact, 
that  contractions  may  be  exeited  in  the  muscles  of  an 
animal,  by  placinti^  them  simply  in  contact  with  the 
nerves  in  certain  situations  j  a  fact  which  was  after- 
guards pointed  out  more  ful!y  by  Aldini  j  (sec.  1^1.) 

C^S,)  An  elaborate  Memoir  on  the  subject  of  ani- 
mal ElectricUy  was  drawn  up  by  a  Committee  of  the 
French  Institute,  composed  of  J^Iorvcau,  Fourcroy, 
Vauquelin»  Hall^,  Coulomb,  Sabatier,  IVlletan,  and 
Charles.  It  contains  an  examination  of  all  the  early 
opiDions  that  had  been  advanced  concerning  Galvanism, 
find  details  a  great  variety  of  original  experiments. 
The  authors  of  the  Memoir  distinguii^h  in  the  circuit 
o€  parts  essential  to  the  experiment,  the  parts  of  the 
animal,  which  they  denominate  the  animal  arc,  and 
the  other  portion,  which  they  term  the  excHatorTf  arc, 
aixl  inquire  into  the  various  changes  of  effect  conse- 
quent upon  variations  in  the  forms  and  circumstances 
of  these  two  portions. 

(^9.)  The  paper  of  Fabroni,  to  which  reference 
has  already  been  made  in  see,  20^,  appeared  in  the  year 
1799  j  and  aSthough  full  of  originid  views,  did  not, 
at  the  time,  excite  much  attention. 

(830.)  The  discovery  of  the  Galvanic  pile,  which 
forms  m  important  an  era  in  the  history  of  tlie  science, 
was  made  by  Volla  in  1800,  and  was  the  forlunate 
result  of  the  theory  he  had  formed  respecting  the 
source  of  the  evolution  of  Electricity  by  the  contact 
of  metals.  He  conceived  that  by  increasing  the  num- 
ber of  plates  with  a  liquid  conductor  between  eacii 
paifj  tlie  Electricity  would  be  much  increase(i ;  and  he 
found,  upon  constructing  a  pile  upon  this  plan,  that 
it  produced  more  violent  convulsions  in  the  limbs  of 
animals  than  any  single  pair  of  plates,  and  was  even 
c^Hpable  of  giving  shocks  similar  to  those  of  the 
Leydenjar,  His  description  of  this  instrument  was 
given  in  the  Phiiosophlatl  Transactions  far  1800: 
and  its  properties  and  powers  were  immediately  the 
subject  of  investigation  among  all  the  philosophers 
of  Europe.  Messrs.  Nicholson  and  Carlisle  wtre  the 
lust  who  engaged  in  this  inquiry  5  and  their  labours 
were  speedily  rewarded  by  the  discovery  of  the 
decomposition  of  water  by  its  means,  (sec.  52,)  and 
the  detection  of  the  qualities  of  the  Electricities 
evolved  at  each  of  its  poles,  (sec.  I7.)  These  impor- 
tkni  discoveries  were  confirmed  and  extended  by 
Mr.  Cruickshank,  of  Woolwich,  who  instead  of  the 
original  pile  of  Voltaj  substituted  the  trough  apparatus 
which  bears  his  name,  (sec,  8,)  Several  new  experi- 
ments on  the  operation  of  the  pile,  were  also  made 
about  the  same  time  by  Colonel  Haldane,*  He 
Ibuod  that  the  apparatus  ceased  to  act  when  it  was 
immersed  in  water,  or  placed  in  the  vacuum  of  an 
air-pump  j  and  that  the  presence  of  oxygen  was 
essential  to  its  action.  Dr.  Henry,  of  Manchester, 
%Tas  also  among  the  first  who  employed  the  powers 


•  NichoUon'a  Jonrnai,  4to>  iv.  241,  313, 
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of  Galvanism  for  the  pnrposes  of  chemical  analysis,    Part  V. 
and  he  decomposed  by  its  means  several  of  the  acids,  ^*— y""^ 
and  also  ammonia. 

(231.)  But  the  most  brilliant  era  in  the  history  of  Davy, 
this  science,  is  that  in  which  Sir  H.  Davy  pursued  the 
career  of  discovery  which  has  furnished  such  splendid 
and  important  results.  His  success  in  obtaining  the 
two  elements  of  water  separately  from  each  other, 
from  two  different  portions  of  that  Huid  j  his  invent 
tion  of  modes  of  forming  Galvanic  piles  of  one  metal 
only,  together  with  fluid  conductors,  and  even  of 
ciiarcoal,  instead  of  any  metal  5  and  his  ascertaining 
that  the  effects  of  the  pile  are  in  proportion  to  the 
energy  of  oxidation,  constituted  the  earlier  steps  of 
his  progress  in  this  career.  Dr.  Wollaston^s  researches  WoUastoa, 
on  the  subjects  connected  with  Galvanism,  though 
not  numerous,  bear  the  stamp  of  his  characteristic 
sagacity  and  penetration  j  and  have  thrown  considera- 
ble light  on  the  theory  of  that  science.  The  differences 
in  the  modiikations  of  Electric  power  when  derived 
from  the  common  machine,  and  from  the  Voltaic 
battery,  were  first  pointed  out  by  Nicholson  5  but  were 
confirmed  and  illustrated  by  Dr.  Wollaston,  who  gave 
greater  precision  to  our  ideas  on  the  theory  of  its 
production,  and  succeeded  in  imitating  the  chemical 
action  of  Galvanism  by  the  agency  of  common  Elec- 
tricity, (sec.  77.) 

('232.)    The  next  step  in  the  progress  of  our  know-  Tromms- 
ledge  of  the  effects  of  the  Voltaic  apparatus,  was  the  ^^'^^^ 
discovery  of  Trommsdorff,  as  to  the  efficacy  of  larare 
plates    in    producing    combustion    of    thin    metaUic 
leaves^  (sec.  25*)     Experiments  on  the  combustion  of  French 
metals  were  performed  about  the  same  time  by  Four-  Chemists, 
croy,   Vautpielinj    and  Thenard  *     The   comparison 
between  the  effects  of  Electricity  and  Galvanism  was 
further  pursued  by  Van  Marum,  in  conjunction  with  VanManim 
Professor  Pfaff,  of  Keil,  in  which  they  employed  the  andrfaff, 
great  Teylcrian  machine  at  Haarlem. 

(233.)  The  labours  of  subsequent  experimentalisls 
were  ehtefiy  directed  to  the  establishment  of  various 
points  which  had  previously  been  subjects  of  doubt 
and  controversy ;  to  the  improvement  of  the  apparatus, 
and  to  discussions  concerning  the  nature  of  Galvanic 
action,  and  its  relation  to  chemical  affinity.  They 
have  furnished  materials  for  a  great  number  of  me- 
moirs contained  in  a  variety  of  scientitic  journals,  of 
which  it  would  be  impossible  to  attempt  a  review, 
or  even  an  enumeration  in  this  place.  During  this 
period,  the  attention  of  philosophers  was  again  drawn 
to  the  effects  of  Galvanism  upon  the  animal  body, 
and  various  experiments,  already  referred  to,  {sec.  95, 
96,}  w^ercmade  in  1803,  by  Aldini,  Professor  of  Natu- Aldini, 
ral  Philosophy  at  Bologna,  and  nephew  of  Galvani, 
and  were  repeated  by  other  naturalists  in  different 
countries  in  Europe.  Attempts  were  also  made  to 
introduce  the  employment  of  Galvanism  in  medicine, 
especially  in  those  diseases  for  which  common  Elec- 
tricity had  been  found  useful ;  but  the  expectations  of 
advantage  from  its  ap]dication  have  been  very  generally 
disappointed,  and  it  had  again  fallen  into  disuse  aa  a 
medical  agent,  until  its  recent  employment  by  Dr* 
Philip,  (sec.  102,) 

(2:i4.)  The  most  important  step  that  was  made  at  Hisinger 
this  time  in  the  theory  of  Galvanic  action,  resulted  from  '^'"l  Berxe- 
thc  labours  of  Hisinger  and  Bcrzelius,  an  account  of  ^"** 

*  Aimaki  de  CMmie^  xxitix.  103. 
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.  which  was  pttbliFhed  in  the  first  volurae  of  Gehlen's 
Joiircialt  tn  1803.  They  ascertained,  by  a  numerous 
series  of  experiments,  the  transfer  of  the  elements  of 
water  ami  of  neutnil  salts  to  the  respective  poles  of 
the  battery.  This  law  was  verified  and  extended  by 
l^i^i  Sir  H.  Dary   in  the  masterly  train  of  invest  ligation, 

©f  which  we  have  already  given  a  detailed  account, 
(sec.  55 — 7f>))  and  which  affords  so  beautiful  and  per- 
fect a  model  of  a  tnily  philosophical  inquiry-  While 
Sir  H-  Davy  was  enjc^ged  in  these  researches,  De 
BeLscv  IrtJC  occupied  himself  with  the  analysis  of  the  pile, 
and  in  examining  the  various  cirurostaoces  and  condi- 
tions from  which  its  power  is  derived.  We  have 
already  given  an  account  of  the  results  of  his  labours, 
(sec.  132 — 138.)  In  the  course  of  the  inquiries  to 
which  he  was  led  by  these  experiments,  he  invented 
the  instniment  called  the  Electric  column,  of  which 
we  have  described  the  properties,  (sec.  139.)  A  claim 
of  priority  of  invention  with  regard  to  his  instrument 
was  made  by  Hachette,  in  favour  of  himself  and 
Desormes,  stating  that  they  had  formed  a  dry  pile  so 
long  back  as  the  year  1803-  Two  objections  may  be 
made  to  this  clainij  the  first,  that  De  Luc's  pile  had 
been  published  some  time  before  that  of  Hachette ; 
and  the  second,  that  the  two  instruments  are  not 
analogons,  the  latter  being  by  no  means  entitled  to 
the  appellation  of  a  dry  pile,  (sec.  146.)* 
Batteries  of  (^35,)  Mr.  Children,  in  1 809^  formed  a  very  large 
Cliildrea,  ^^^^  powerful  battery  upon  the  principle  of  VoUa  s 
Coufonne  de  lasses,  (sec.  7,,)  which  produced  very  con- 
siderable effects,  and  afforded  instruction  as  to  the 
ratio  between  the  quantities  and  the  intensities  of  the 
Electricities  produced  by  instruments  of  this  kind. 
A  still  more  powerful  battery  was  constructed  by  the 
J«gl  .  same  gentleman  in  1813;  and  about  the  same  time 
"*'^*»^^  that  at  the  Royal  lustitution  wa«  made,  (sec.  14.) 
Wonutan,  D|..  Wollaston's  ingenious  elementary  battery,  which 
forms  a  remaikable  contrast  with  these  gigantic 
Instruments,  was  constructed  by  him  m  1815.  A 
ctill  larger  battery  than  any  of  the  preceding  was 
fonncd  hy  Mr.  Children  in  the  same  year.  Dr. 
Ilare^s  fir^t  form  of  the  Calorimotor,  so  named  from 
its  extraordinary  calorific  power,  was  constructed  in 

*  Sec  JitumeU  of  ScicMiff  ii.  1^1,  449. 
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1819  5*  his  improved  apparatus,  described  in  sec.  12, 
was  constructed  in  1821  :  that  of  Mr*  Pepys,  niade 
for  the  London  Institution,  in  1623. 

(236,)  C)f  late  years  the  attention  of  the  philosophic 
world  has  been  in  a  great  measure  drawn  away  from 
the  immediate  consideration  of  the  theory  of  Gal- 
vanism, by  the  study  of  those  efiects  which  establish 
its  relation  with  the  magnetic  pro|>erties  of  iron,  and 
which   hare    constituted   a    distinct    branch    of    the 
ecience,  under  the  title  of  Electro-MagnetisnT.     Yet 
the  cultivation  of  this  neiv  science  has  not  been  with- 
out advantage  to  the  progress  of  knowledge  in  respect 
to  Galvanism,  as  it  has  furnished  us  with  an  admirable 
test  of  its  agency  in  cases  where  its  presence  could  not 
otherwise  have  been  rendered  sensible  j    see  sec.  44. 
The  invention  of  the  Galvanometer  derived  from  tins  1 
principle,  has  conferred  a  signal  benefit  to  the  science^ ' 
hy  affording  the  means  of  more  extended  invesitiga*  ^ 
tions  on  the  laws  which  goveni  its  phenomena*     it 
was  by  the  acid  of  this  instrument  that  De  la  Rive  i 
conducted  those  researches  of  which  we  have  given  < 
an    account.      The    inquiries    of    Sir   H.    Davy    on  ■ 
the  subject  of  Electro-Magnetism,  have  also,  ns 
have  already  seen,  (sec.  33 — 3(J,)  led  to  the  discovery 
of  many  curious  circumstances  with  regard  to    the 
conducting   powers  of  metals.      The   principal 
searches  of  importance,  as  far  as  respects  the  the 
of  Galvanism  that  have  lately  been  undertaken, 
those   of  Becquerel,    on    the  Electricity  evolved 
the   contact   of  metals   with    liquids,    in    which 
availed  himself  of  the  Electro-Magnetic  galvanome 
as  well  as  of  the  more  ordinary  form  of  the  condeu 
electroscope  j   an   instrument  which  he  considerah 
improved.    Tliese  researches  throw  considerable  ligfc 
on  the  origin  of  the  Electrical  power  in  the  Volt  ' 
nppanvtns. 

(2370  But  by  far  the  most  important  application  i 
this  science,  is  that  which  Sir  H.  Davy  has  latdy  1 
made  of  it  for  preventing  the  corrosion  of  the  copper^ 
sheathing  of  ships  by  sea  water-  An  account  of  this  4 
admirable  invention  was  read  before  the  lioyal  Society ' 
in  January,  1624  j  and  publihhed  in  the  Fhilosophiccl * 
Traiimclmw  for  the  same  year. 

♦  Thomson**  Atmah  o/Phih^Agt  xiv.  176# 
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INTRODUCTION. 


!tL  It  might  prove  an  amusing,  and  in  some  degree  possi- 

/^M^  Uy  an  instructive  task,  were  we  to  prefix  to  this  Article 
a  review  of  the  opinions  of  ancient  philosophers,  and 
even  of  those  in  times  comparatively  modem,  who  have 
bent  their  genius  to  inquiries  upon  Heat ;  but  reasons, 
which  to  us  appear  sufficiently  cogent,  have  compelled 
US  to  abandon  such  an  undertaking.  The  writings  of 
the  ancients  on  this  and  every  physical  subject  abound 
in  speculations  neither  founded  upon,  nor  confirmed  by, 
experiment;  and  if,  passing  over  a  long  interval  of 
time,  we  wish  to  learn  what  the  extent  of  knowledge 
on  this  subject  may  have  been  at  a  period  from  which 
the  steady  advance  of  physical  science  may  be  dated, 
we  have  but  to  turn  to  the  Novum  Organum  of  Bacon 
for  a  very  complete  Treatise  upon  Heat  Complete  we 
term  it,  with  reference  to  the  knowledge  of  that  day ; 
lor  as  no  one  ever  brought  greater  mental  powers  to 
hkBT  upon  the  question,  and  none  had  before  him  pos- 
sessed equally  just  views  of  the  mode  in  which  these 
powers  might  be  most  advantageously  directed ;  and 
as  he  himself  has  selected  his  InquisUio  de  forma 
Caiidij  '*  exemjdi  graiitL,'*  we  feel  that  we  can  have  done 
the  philosophical  world  of  that  day  no  injustice  by  our 
selection.  The  limits,  however,  within  which  an  Article 
of  this  sort  must  be  confined,  compel  us  to  pass  by  his- 
torical disquisitions  in  general,  in  order  that  we  may 
give  as  fiill  and  clear  an  account  as  possible  of  those 
researches  which  are  to  be  treasured  up  in  our  minds, 
and  constitute  the  present  knowledge  on  this  subject 
We  do  this  the  more  willingly,  from  a  conviction  that 
audi  a  history  is  a  matter  of  curiosity,  rather  than  of 
utility. 

For  the  sake  of  precision,  it  may  be  advisable  that 
we  say  something  in  explanation  of  the  terms  em- 
ployed in  this  Article.     Heat  is  a  vague  and  general 
word  referring  to  our  bodily  sensations,  and  in  that 
sense  universally  understood;  but  what  is  the  cause 
existent  in  matter  which  produces  those  sensations  upon 
^  organization  of  our  frame  ?     For  convenience  in 
language,  this  cause,  producing  the  sensation  or  effect 
of  heat,  has  been  termed  Cajloric.     But  if,  again,  it 
^  asked  what  is  Caloric  ?  we  confess  ourselves  unable 
^  afford  a   satisfactory  answer.      Suppositions    and 
^ries  are  not  wanting;  but  certainty  has  not  yet  been 
attained.     By  some.  Caloric  is  thought  to  be  a  fluid ; 
tdstent  and  material,  though  of  such  tenuity  and  im- 
ponderability, as  to  escape  our  observation  as  such,  and 
to  become  manifest  to  us  only  by  its  effects  upon  our 
sensations,  and  upon  all  the  ponderable  forms  of  matter. 
By  another  party  it  is  supposed  that  Caloric  is  not 
materia^  but  is  a  property  or  principle  of  motion, 
which,  by  exciting  a  certain  species  of  vibration  among 
the  particles  of  bodies,  causes  the  sensation  and  effects 
oi'  Heat    These  difficulties  will  suggest  to  our  readers 
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the  analogous  case  of  the  questionable  existence  of  an. 
electric  fluid.  (See  Electricity,  Introduction.)  The  plan 
we  purpose  to  pursue  in  this  Article,  will,  we  trust,  set 
us  ^ee  from  any  practical  difficulty  arising  out  of  this, 
theoretical  uncertainty.  We  shall. find  it  convenient  to 
speak  of  Caloric  as  if  it  were  a  substance,  though  im-. 
perceptible  and  imponderable ;  of  its  addition  to,  and 
abstraction  from,  all  other  bodies :  for  this  mode,  even 
when  made  use  of  in  calculation,  need  not  imply  the 
admission  of  any  theory,  if  we  remember  that  it  is  but 
employed  for  the  purpose  of  illustration.  The  argu- 
ments by  which  these  opposite  theories  are  supported 
will  be  brought  together  for  comparison  in  the  last 
chapter. 

The  word  Temperature  will  also  frequently  occur. 
Heat  expresses^aguely  an  effect  or  operation  of  Caloric 
To  Temperature  we  assign  a  more  definite  meaning ; 
considering  it  the  comparative  measure  of  the  effects 
of  Caloric  in  bodies  referred  to  sensation.  Thus,  if  we 
feel  one  body  to  be  hotter  than  another,  we  say  that  its 
temperature  is  apparently  greater ;  and  if  we  obtain 
any  instrument  for  measuring  the  apparent  tempe- 
ratures of  the  two  bodies,  free  from  the  fallacies  to 
which  our  sensations  are  liable,  we  consider  that  we 
have  the  true  ratio  of  the  temperature  of  the  bodies.  It 
may  seem  an  odd  illustration,  but  we  think  it  a  familiar 
one,  to  compare  temperature  to  the  hand  of  a  clock 
which  tells  us  what  the  time  is,  according  to  that 
engine,  but  does  not  tell  us  over  how  many  hours  more 
the  moving  force  will  enable  the  clock  to  impel  the 
hand ;  so  temperature  is  an  indication  of  a  present  ex- 
ternal state  of  the  body  examined,  which  does  not  pre- 
tend to  teach  us  the  total  Caloric  existent  in  the  body, 
nor  even  the  quantity  existing  in  a  given  portion  of  it. 

It  may  be  desirable  that  we  should  explain  why 
the  appearance  of  this  Article  will  difier  considerably 
from  Uiat  form  under  which  it  has  been  usually  pre- 
sented by  the  scientific  writers  of  this  country.  With 
them  the  doctrines  of  Heat  have  formed  a  part,  and  that 
not  an  inconsiderable  one,  in  the  systematic  Treatises 
on  Chemistry ;  and  it  is  to  those  Treatises  only  that 
the  English  reader  can  at  present  apply  for  information 
on  the  doctrines  of  Caloric.  Of  these  Treatises  no 
country  has  produced  better ;  but  if  we  rightly  estimate 
the  limits  due  to  physical  and  chemical  science  respec- 
tively, we  cannot  place  the  science  which  treats  of 
Caloric  as  a  mere  appendage  or  preliminary  step  to  the 
Treatise  on  Chemistry.  We  call  it  a  branch  of  General 
Physics,  and  claim  for  it  a  rank  corresponding  to  that 
of  Electricity,  Physical  Optics,  or  Magnetism.  The 
chemists  have  in  this  country  been  the  able  teachers 
of  the  doctrines  of  Heat ;  witness  the  Treatises  of 
Thomson  and  Murray ;  but  we  are  inclined  to  think 
that  a  separation  of  the  two  subjects  will  conduce  to 
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Heat,     the  clearer  understanding  of  each.     On  this  ground 
'  we  have  made  Heat  the  subject  of  a  separate  Treatise ; 
but  as  the  connection  with  Chemistry  is  in  some  points 
most  intimate,  we  have  taken  some  care  that  by  our 
line   of  demarcation  the    definitions  including  both 
sciences  are  not  violated.     To  avoid  repetition,  we  may 
here  refer  to  the  second  division  of  our  first  chapter  for 
the  connecting  links  between  these  two  subjects.     For 
this  division  of  the  subjects  we  have  the  authority  of 
many  German  and  French  writers ;  but  for  the  arrange- 
ment, and  for  the  proportion  of  consideration  allotted 
to  each  part  of  our  inquiry,  we  alone  are  responsible. 
By  far  the  most  complete  general  Treatise  that  has 
appeared  abroad  is  in  the  elaborate  work  of  M.  Biot ; 
it  is  however,  perhaps,  too  mathematical  for  general 
readers,  and  by  no  means  practical  enough,  nor  general 
enough,  for  the  purposes  we  had  in  view.     But  having 
said  thus  much,  we  are  desirous  of  making  ample 
acknowledgments  to  that  admirable  philosopher,  for  the 
service  that  his  Treatise  has  been  to  us  in  tiie  compila- 
tion of  this  Article.    We  term  it  a  compilation,  for  we 
deem  that  it  neither  has,  nor  ought  to  have,  any  other 
title.     The  object  of  an  Encydopsedia  is  not  to  pro- 
pound new,  and  often  doubtful  discoveries,  but  to  pre- 
sent a  condensed  summary  of  the  present  state  of 
human  knowledge  in  each  department ;  with  instruc- 
tions and  references  for  those  who  may  choose  to  pursue 
the  subjects  more  in  detail.     Under  these  views,  the 
memoirs  of  the  original  experimentalists  have  been 
our  primary  g^des ;  but  we  have  also  availed  our- 
selves of  the  advice  and  opinions  of  our  most  able 
systematists.    Wherever  they  were  already  sufficiently 
condensed,  we  have  employed  the  words  of  an  author 
in  preference  to  our  own.    We  have  endeavoured  to 
avoid  all  theory  at  present ;  not  for  the  purpose  of  ulti- 
mately repressing  such  efibrts  of  ingenuity,  but  for  the 
purpose  of  adducing  a  systematic  body  of  facts,  upon 
the  understanding  of  whidi,  any  one  can  alone  be  made 
competent  to  decide  upon  Uie  vididity  of  the  hypoth< 
advanced. 


The  extent  of  this  Article  will  not  suprise  any  one  Inti 
acquainted  with  the  subject,  who  shall  consider  the       ^ 
number  of  treatises  usually  separated,  but  which  here  "^^ 
form  parts  of  one  uniform  whole.     Chemistry  is  re- 
lieved from  all  that  relates  to  the  integrant  molecules  of 
bodies,  and  from  every  consideration  which  does  not 
depend  upon  pure  Chemical  affinity. 

All  tables  of  general  application  and  reference, 
are  thrown  together  at  the  end  of  the  Article  in  an 
Appendix.  In  the  description  of  experiments,  it  might 
have  produced  a. greater  appearance  of  uniformity  if 
we  had  reduced  idl  the  Thermometric  indications  to 
some  one  scale,  as  that  of  Fahrenheit  or  Celsius ;  but, 
on  the  other  hand,  the  whole  numbers  frequently  em- 
ployed during  those  researdies  would  have  been  altered 
to  decimals  or  firactions,  and  a  sort  of  evidence  arising 
out  of  the  ready  comparability  of  their  appearanod 
would  have  been  lost  Thus,  in  most  cases,  they  are 
left  in  the  original  numbers  of  the  writers. 

It  remains  that  we  should  present  a  tabular  form 
or  scheme  of  this  Article :  with  regard  to  its  exee«- 
tion,  no  one  can  be  more  sensible  than  the  writer 
of  it,  how  much  more  polished  and  complete  lum 
analvsis  might  have  been,  had  more  time  been  afibided 
for  the  task.  Punctuality,  as  far  as  attainable,  is  how- 
ever essential  in  an  undertaking  like  the  present,  and 
the  time  allotted  for  the  completion  of  eadi  artieitt 
must  depend  upon  the  promised  order  of  its  appear- 
ance. In  examining  the  memoirs,  strict  impartialitjr 
has  been  observed ;  for  this,  with  the  addition  of  our 
unworthy  thanks,  forms  all  the  tribute  we  can  pay  to 
the  labour  and  genius  of  those  distinguished  pMloao* 
phers  who  composed  them.  And  if  the  name  or  tlie 
praise  of  any  one  such,  shall  have  been  inadvertently 
omitted,  it  will  be  to  us  an  additional  cause  of  regie! 
with  regard  to  this  Article, 
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CHAPTER  I. 


ON  THE  EFFECTS  OF  HEAT. 


§  1,  DUaiaiiofi  of  Bodies  by  Heat. 

OBNRAAt    PRINCIPLES. 

(1,)  It  may  be  stated  as  a  p^eneral  fkct,  that  all  Biib- 
iteniees  experience  an  enlargement  of  their  volume,  by 
*a  increase  of  temperature.     The  apparent  exceptions 
to  this  law  can  scarcely  be  considered  siicli  as  to  destroy 
its   prenerality,  althoug:h  they  do   present  irregp^darities 
in  its  application,  which  it  were  highly  injudicious  to 
orerlook.     Such  is  the  contraction  of  water  by  incre- 
ments of  temperature  below  40^^  Fahrenheit.     The  ex- 
p«ilMOii  of  some  metals  at  the  instant  of  congelation 
alW  (usion,  is,  apparently,  connected  with  the  tendency 
oC  their  particles  to  arrange  themselves  in  crystalline 
fhrm;  and  the  contraction  of  the  clay  balh  in  Wedg- 
wcwjd's  pjTometer  has  been  shown  to  depend  upon  an 
^<?twiil  diminution  in  their  fiuh stance,  by  the  liberation 
^f    wsiter  which   previously  ha<l   existed   in   a  state  of 
^*^timate  combination  with   the   aluminous  matter   of 
'•^^^ich  Ihey  are  formed. 

<2.)  for  a  given  change  of  temperature,  different 
*^*^*tances  undergo  different  degrees  of  expansion.  In 
.*^***d«^  the  quantitative  expansion  is  not  considerable; 
^*^  liquids^  it  is  greater;  and  in  aeriform  fluids  it  is 
^^^ch  the  greatest  of  all.  A  question  may  naturally 
occur  to  the  reader,  whether  in  the  same  substance, 
t  metal,  liquid,  or  gas,  equal  increments  of  tempe- 
red but  at  dijferent  le^nptratures^  produce  equal 
Paiisive  effects.     It  will  be  seen  hereafter  that  this. 
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^ug-h  a  fundamental  inquiry,  is  one  of  the  most  per- 


■  *^*^Xing  ones  which  could  have  l)een  advanced.  The 
H  ^^^Mnative  can  only  be  answered  of  aeriform  fluids. 
^^ilh  regard  to  the  solids  and  liquids,  even  if  this 
**^*opcTty  be  found  to  belong  to  them,  through  some 
*^^rtion  of  the  scale  of  temperature,  it  is  fiilly  proved, 
*^at  their  dilatations  are  highly  imequal  and  irregular 
^^^^r  to  those  f{\ed  points  of  temperature  at  which  they 
^^**B^gie  their  physical  condition,  and  Irom  solids  be- 
^^'OHie  liquids,  or  from  liquids  pass  on  to  the  stale  of 
K^ttscous  matter. 

C^O  I^  bas  been  usual  to  give  a  familiar  exhibition 

^^   the  dilatation  of  a  solid  from  heat,  by  having  an 

^JTTJTi  bar  exactly  fitting  into  a  metal  ring;  the  bar,  on 

*^ii5g  made  red  hot,  will  no   longer  enter  within   the 

^npj.    The  expansion  of  a  liquid  is  seen  in  the  bulb 

*^«^  stem  of  a  thermometer ;  or  should  this  illustration 

not  be  familiar,  let  %.  1  represent  a  glass  fla-sk  filled 

'^th  cold  water,  linseed  oil,  or  other  liquid,  at  the 

**^ntry  temperature  of  the  atmosphere.     Let  A  be  a 

point  marked  upon  the  neck  at  the  surface  of  the  liquid. 

^Ti  placing  this  flask  over  a  lamp,  or  before  a  fire,  the 

bquid  will  acquire  an  increase  of  temperature,  and  by 

*^s  dilatation  will  rise  above  the  point  A.     The  same 

property  in  aerial  fluids  is  also   easily  exhibited ;    let 

2  repreieBt  a  common  phial  with  a  glsisg  tube 


passing  through  the  cork,  or  cemented  into  the  neck     chap,  1. 

of  the  phiaJ  so  as  to  be  air  tight.     The  tube  may  reach  s^^^^^— *• 

to  within  one-fourth  of  an  inch  of  the  bottom   of  the 

phial,  so  as  to  dip  below  the  surface  of  a  little  coloured 

liquor  of  any  kind  filling  one-fourth  of  the  bottle.   Now 

hold  this   little  instrument  before  the  fire,  or  plunge  it 

into  hot  water,  the  air  that  is  in  the  phial  will  expand 

and  forty^  up  the  coloured  liquor  into  the  tube.     This  in- 

atrumeut,  if  graduated,  is  in  fact  an  air  thermometer. 

Fig.  3  represents  one  of  more  convenient  form,  but  in  Fig  3, 

principle  the  same. 

The  Thermometer. 

(4.)  Could  we  but  estimate  the  expansion  of  the  ThenncH 
iron  bar  in  the  first  case,  or  the  dilatation  of  the  liquid  meter, 
in  the  second,  or  of  !he  air  in  the  tliird  ;  and  could  we 
be  satisfied  that  these  various  bodies  underwent  equal 
dilatations  for  equal  accessions  of  temperature,  we 
should  then  be  in  possession  of  instruments  for  mea- 
suring the  temperatures  of  all  bodies.  Such  in  fact 
are  our  instruments,  and  such  our  means  of  experi- 
ment ;  but  with  certain  cautions  and  corrections  which 
it  will  be  our  duty  to  point  out.  Hence  these  instru- 
ments are  called  Thermometers. 

(5.)  By  a  careful  admeasurement  of  the  dimensfons 
of  bodies  afler  they  have  been  exposed  to  considerable 
changes  of  temperature,  and  suffered  again  to  return  to 
their  original  state^  it  is  found  that  their  volume  is  un- 
altered. But  in  the  case  of  liquids,  it  requires  some 
care,  in  order  that  they  may  sustain  no  actual  loss  by 
evaporation. 

(6.)  For  very  slight  variations  of  temperature,  air 
thermometers  may  witli  advantage  be  employed,  from 
their  great  sensibility.  Among  fluids,  alcohol  and  mer- 
cury are  most  commonly  made  use  of;  the  former  for 
estimating  very  low  temperatures,  at  which  mercury 
becomes  frozen  ;  but  the  latter  is  more  rapid  in  its 
variations,  and  has  its  scale  of  temperature  particularly 
well  adapted  to  experiments  lying  between  our  ordinary 
atmospheric  temperatures,  and  a  heat  about  thrice  as 
great  as  that  of  boiling  water. 

(7.)  We  are  now  in  a  condition  to  proceed  to  the  ^^^''strwc- 
construction  of  some  instniment  of  this  sort  for  the  '-'on  of  ihci- 
estimation  of  temperatures.  For  example  sake,  let  us 
take  the  mercurial  thermometer.  Our  first  requisite  is 
to  obtain  mercury  in  a  state  of  uniform  expansive 
power,  and  this  is  in  some  measure  dependent  on  its 
purity ;  to  fulfil  this  condition,  the  metal  is  first  strained 
through  leatlier,  by  which  all  dirt  is  removed  ;  and  then 
submitted  to  distillation,  in  order  to  obtain  it  pure, 
from  small  quantities  of  lead  and  other  metals  with 
which  it  is  frequently  adulterated  in  commerce,  or  found 
alloyed  in  its  native  state. 

It  would  be  by  no  means  difiicuk,  but  might  be 

rather    tedious^  to    state    all    the    precautions   to    be 
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observed  in  making  a  good  thermometer.  We  shall 
"  therefore  content  ourselves  with  mentioning  some  of 
the  most  material  pioperties  that  such  an  instrument 
ought  to  possess ;  thus  avoiding  much  of  the  practical 
manipulation,  because  we  are  convinced  that  it  is 
much  better  for  the  experimentalist  to  purchase,  if  not 
the  complete  instrument,  at  least  tlie  tube  ready  filled, 
in  order  that  he  may  carefolly  attend  to  its  gpraduation. 
Under  this  impression  it  may  be  sufficient  to  state,  that 
a  thermometer  tube,  as  represented  in  fig.  4,  is  made 
firom  a  tube  of  thick  glass  of  small  but  uniform  capa- 
city throughout,  by  closing  one  end,  which  is  then 
heated  and  blown  into  a  bulb  by  forcing  in  air  from  the 
mouth,  or  from  a  bottle  of  caoutchouc  affixed  to  the 
other  extremity.  The  mercury  is  introduced  into  the 
tube  thus  formed,  first  by  heating  the  bulb  over  a  lamp, 
for  the  expulsion  of  air ;  the  open  end  is  then  dipped 
into  pure  mercury,  and  as  the  bulb  cools  the  contrac- 
tion of  the  air  remaining  within  will  allow  the  atmos- 
pheric pressure  to  drive  up  a  quantity  of  mercury 
through  the  tube  into  the  bulb.  This  operation  is  then 
repeated ;  but  in  the  second  heating,  the  bulb  and  tube 
may  be  filled  with  the  vapour  of  mercury  throughout, 
80  that  upon  again  dipping  the  extremity,  the  instru- 
ment may  be  almost,  if  not  completely,  filled.  It  is 
obvious,  Uiat  as  the  volume  of  space  in  the  tube  is  very 
small  compared  with  the  volume  of  the  bulb,  a  small 
dilatation  of  the  mercury  in  the  bulb  will  be  very  appa- 
rent in  the  tube.  The  expansions  of  the  fluid  in  the 
bulb  are  measured  then  by  the  elongations  of  the  deli- 
cate column  of  mercury  in  the  tube;  and  as  the 
diameter  of  this  column  is  supposed  uniform,  the 
length  of  the  column  serves  for  the  measure  of  tempe- 
rature. Hence  the  necessity  of  uniformity  in  the 
capacity  of  the  tube;  for  if  that  condition  be  not 
folfiUed,  a  given  quantity  of  mercury  propelled  fiom 
the  ball  by  a  given  change  of  temperature,  will  not 
have  the  same  apparent  magnitude  in  the  stem,  and 
therefore  if  estimated  by  measure  will  produce  an  in- 
correct result.  As  this  condition  of  perfect  uniformity 
is  not  always  attainable,  it  is  sometimes  desirable  to 
make  the  gpraduations  upon  the  scale  of  unequal  length, 
in  order  to  obviate  this  source  of  inaccuracy.  Afler 
the  thermometer  tube  has  thus  been  filled,  a  certain 
quantity  of  the  mercury  is  expelled  by  heat;  the  upper 
end  of  the  stem  is  hermetically  sealed,  and,  upon 
cooling,  a  vacuum  is  lefl  in  the  upper  part  of  tlie  tube, 
by  which  the  mercury  meets  with  no  obstruction  in  its 
dilatations  from  a  body  of  air  enclosed  within  the  stem. 
Such  obstruction  would  be,  in  fact,  inconsiderable; 
but  a  still  more  cogent  reason  for  this  precaution  is 
found  in  the  g^at  inconvenience  frequently  experienced 
fiom  the  separation  of  the  mercury  in  the  stem  into 
small  portions  with  the  air  intermingled,  an  evil  that  it 
is  not  alwa}'S  easy  to  remove.  A  thermometer  may  be 
examined  as  to  this  particular  by  placing  the  bulb 
uppermost ;  unless  the  bore  of  the  tube  be  extremely 
minute,  the  mercury  will  immediately  fall  down  so  as 
to  fill  the  stem  quite  to  the  bottom,  if  no  air  has  been 
left  in  the  tube. 

(8.)  It  is  found  that  a  quantity  of  water,  in  which 
ice  or  snow  is  undergoing  liquefaction,  remains  of  one 
invariable  temperature  at  all  times ;  and  that  every  ac- 
cession of  caloric  to  the  water  is  employed  in  the  fusion 
of  more  ice,  so  that  the  water  can  experience  no  rise 
of  temperature  as  long  as  any  particle  of  the  ice  re- 
mains.    Hence   one  fixed  point  may  be   determined 


upon  all  thermometers  by  plunging  them  into  aach  m    f^^ 
bath,  and  marking  this  point  upon  the  stem,  or  on  the  ' 
scale,  as  melting  point  of  ice. 

(9.)  Again,  it  is  found  that  under  a  gfiven  pressure  Boilia^ 
of  the  atmosphere,  measured  by  the  barometer,  pure  P®"*^ 
distilled  water  enters  into  ebullition  at  a  temperature 
quite  as  invariaole ;  some  regard  being  had  to  the 
nature  of  the  vessel  in  which  it  is  placed,  of  which  more 
hereafter.  For  if  the  heat  communicated  to  the  water 
be  increased,  no  increase  of  temperature  ensues ;  the 
only  effect  being  that  of  driving  off  a  greater  quantity 
of  steam  in  a  given  time.  If  then,  the  barometer 
standing  at  some  altitude  fixed  upon  by  general  consent, 
we  place  a  number  of  thermometer  tubes  in  boiling^ 
water,  and  mark  the  point  to  which  the  mercury  rises 
in  the  stem  of  each,  we  have  obtained  another  fixed 
point  of  temperature,  well  adapted  for  facilitating  the 
comparison  of  observations  made  in  distant  countries 
by  independent  experimentalists,  with  instruments 
constructed  by  each  upon  these  general  principles. 

In  different  thermometers  it  is  obvious  that  the 
distances  between  these  two  points  will  be  dissimilar, 
being  in  each  case  determined  by  the  ratio  existing^ 
between  the  volume  of  mercury  in  the  bulb  and  the 
diameter  of  the  tube. 

(10.)  In  the  present  state  of  our  question  we  are 
considering  the  temperature  as  measured  by  the  dilat»> 
tion  of  a  volume  of  mercury,  or  other  fluid,  confined 
within  a  glass  vessel.     And  to  make  this  estimate  with 
accuracy,  it  is  obvious  that  all  the  mercury  should  be 
exposed  to  the  action  of  the  heated  fluid ;  or,  in  other 
words,  that  the  bulb  should  be  quite  immersed,  and 
also  that  part  of  the  stem  which  contains  mercury.     In 
obtaining  the  freezing  point  for  the  graduation  of  the 
instrument  this  is  not  difficult,  because  any  portion  of 
the  stem  may  be  immersed  in  the  mixture  of  ice  and 
water  ;  but  in  ascertaining  the  boiling  point  of  water, 
the   difficulty  seems  greater,  with  an  additional  one 
superadded.     For  let  us  suppose  the  barometer  at  the 
proper  height  for  this  operation ;   it  is  true  we  may 
plunge  the  tube  of  the  thermometer  into  a  vessel  in 
which  water   is   boiling,  to  whatever  depth    may  be 
requisite  to  cover  the  mercury,  but  upon  careful  triel 
we  shall  find  that  the  mass  of  boiling  water  in  reality 
differs  in   temperature   at  different  depths.      This  is 
easily  explained;  for  as  the  formation  of  vapour,  which 
constitutes  the  process  of  ebullition,  takes  place  at  the 
bottom  of  the  vessel,  and  as  this  vapour  is  thus  subject 
to   the  pressure  of  the  incumbent  mass  of  water,  in 
addition  to  the  true  atmospheric  pressure,  it  follows 
that  it  is  steam  of  a  temperature  more  elevated  than 
that  at  which  water  just  boils  in  that  g^ven  state  of 
the  atmosphere.     The  ascent  of  tliis  steam  will,  there- 
fore, unduly  affect  the  thermometer  which  meets  with  it. 
It  is  known,  however,  that  the  temperature  at  which 
steam  issues  from  the  surface  of  a  mass  of  boiling 
water  under  the  standard  barometric  pressure,  is  exactly 
the  temperature  of  boiling  water.     Hence  is  obtained 
an  accurate  mode  for  the  adjustment  of  thermometers. 
It  requires  only  that  all   that  part  of  the  instrument 
which  contains  mercury  should  be  plunged  in  steam  of 
this  regulated  nature ;  and  as  the  condensation  of  the 
vapour  upon  the  glass  stem  renders  the  exact  view  of 
the  mercury  a  matter  of  difficulty,  and  is  a  source  of 
error,  the  following  simple   but  convenient  apparatus 
is    recommended   in  the   general   instructions   of  the 
Royal  Society,  for  the  graduation  of  the  boiling  point 
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on   thennometers.     Fig.  5  represents  this  instrument, 

n.si sting  of  a  vessel  in  which  water  may  be  boiled. 

e  tnouth  6  6  ia  closed  by  a  lid,  into  which  the  tlier- 

_ineter  tubes  for  graduation   B  B,  &c,  are  inserted. 

TUesc  descend  to  within  a  short  distance  of  the  surface 

of  the  boiling  water    H,   H.   and    are  made  to  slide 

through  the  cork,  so  that  the  point  M  to  be  marked  for 

ebullition  is  just  above  its  upper  surface :  o  o  is  another 

aperture  in  the  vessel  for  the  free  escape  of  steam.     It 

is  well  also  in  practice  to  hear  in  mind  certain  facts, 

with  regard  to  the  ebullition  of  water,  mentioned  in 

Art.  9,  and  which  will  be  more  particularly  explained 

hereafter. 

(U.)  It  IS  evident  that  if  any  number  of  thermome- 
ters 80  constructed  he  placed  first  in  a  bath  of  melting 
ice,  and  then  removed  to  a  vessel  of  boiling  water,  all 
the  instruments  will  in  both  conditions  agree  in  standing 
at  the  two  fixed  points  of  their  scale  respectively.  And 
that  their  indications  will  be  comparativeiif  tnie  for  all 
intermediate  temperatures,  we  prove  from  the  following 
neat  pmposition  of  M,  Biot 

Ij^i  there  be  two  thermometers,  with  volumes  of 
mercury  at  the  temperature  of  melting  ire  V  and  v 
respectively.  Let  the  interior  diameters  of  the  tubes 
be  R  and  r;  and  the  intervals  between  the  point  of 
tneltifjg  ice  and  boiling  water  on  the  stem  of  each,  L 
ajid  { rt^spectively.  Let  each  of  tJie  lengths  L  and  /  be 
di^idrd  into  the  same  number  fir,  of  equal  parts.  If  now 
tJic  two  thermometers  be  placed  in  the  same  heated 
triedium,  the  mercury  will  stand  at  a  height,  L  ^,  above 

ill  €  point  of  melting  ice  in  the  one,  and  of  /^  in  the 
otlier*  And  we  assert  that  these  altitudes,  though  un- 
^Cjual^  must  exactly  correspond  to  the  same  number  of 
gTTiduated  parts  or  degrees  upon  each  thermometer. 

hnc  be  the  dilatation  of  mercury  from  the  melting 
point  of  ice  to  the  boiling  point  of  water,  for  a  n^ass 
^r metal  taken  as  unity  at  the  former  temperature.  Let 
^n  l>e  the  dilatation  of  the  same  mass,  between  the  point 
<^f  melting  ice,  and  the  intermediate  temperatvire  «o 
Mrhich  both  the  thermometers  are  exposed.  On  this 
^HXaiion  then  V  i   andVB^  are  the  analogous  dilata- 

'Jons  for  the  former  thermometer,  whilst  r  h  and  v  B^^  are 

^<»se  for  the  latter ;  being  in  proportion  to  their 
Volumes ;  and  since  these  dilatations  are  expressed  by 
*^Hiiders  of  mercury  of  known  lengths,  (calling  ?r  the 
•^tio  of  the  circumference  of  a  circle  to  its  diameter,) 
**y  estimating  the  volumes  of  these  cylinders  we  have 
V^  =  ^R«L  V^.  =  irR'*L„ 


Vt:=frr^l 


V  ^^   =^  WT^  L 


And  as  the  interval  L  is  divided  into  a  degrees,  the 
*^*tnabeT  of  these  degrees  contained  in  the   interval   L,^ 

'^   •    Similarly will  express   the  number  of 

L  / 

^**^»i€9  Upon  the  second  thermometer,  corre.^^pondtng 
^  ihe  interval  /^^.     Now,  to  prove  these  expressions 
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Hence  the  two  thermometers,  when  exposed  to  the     Chap.  I. 
same  temperature,  will  mark  the  same  number  of  de- 
g^es,  and  therefore  be  capable  of  comparison  or  refe- 
rence the  one  to  the  other. 

(12.)  Several  divis^ions  have  been  proposed  for  the  Madia  of 
thermometric  scale,  on  the  internal  between  melting  ice  ^i^»»»«*™* 
and  boiling  water  ;  and  whatever  system  be  adopted,  tt 
is  usual  to  extend  the  graduations  beyond  both  these 
points  in  each  direction.  The  original  invention  of  the 
thermometer  (in  the  XVIth  century)  seems  to  be  a 
disputed  point  between  a  Dutchman  of  the  name  of 
Drebbel ;  Sanctorius,  an  Italian  physician ;  and  the 
celebrated  Galileo.  It  would  appear,  however,  that  tlie 
thermometers  of  all  these  were  of  a  most  limited  appli- 
cation ;  for  as  they  adopted  no  fixed  point  of  general 
comparison,  the  experiments  of  the  one  could  not  be 
referred  to  the  instrument  of  the  other  ;  pach  had  but  his 
own  researches  recorded  in  some  terms  of  the  length 
of  his  own  thenuometer  stem,  and  if  by  accident  the 
instrument  were  broken  all  future  comparison  was  lovst 
for  ever.  It  is  to  Newton  that  we  are  indebted  for  ex- 
trication from  this  state  of  confusion,  as  regards  the 
estimation  of  temperature.  He  perceived  the  necessity 
of  some  fixed  point  upon  the  scale  of  every  tliermo- 
meter,  which  might  be  referred  to  some  unchangeable 
natural  phenomenon,  for  the  purpose  of  simultaneous 
verification  ;  and  for  this  reason  adopted  a  ratio  be* 
tween  the  fluid  in  the  buib  and  that  in  the  tube,  calling 
the  former  1 0000,  l>ut  finally  suggesteil  the  application 
of  the  two  points  now  in  use,  the  melting  of  ice  and 
the  Wiling  of  water. 

(13.)  We  proceed  then  to  the  next  practical  step  in 
the  construction  of  the  theniiometer,  the  graduation  of 
the  stem.  The  methods  for  this  purpose  depend  upon 
two  principles  widely  dilfering  from  each  other.  In  the 
one,  the  problem  is  considered  simply  the  division  of  a 
glass  tube  into  spaces  of  strictly  equal  capacity,  with- 
out any  reference  to  the  bulb,  which  may  not  exist  at 
the  time  of  the  graduation,  or  to  the  freezing  and  boiling 
points,  which  are  independent, and  maybe  a  subsequent 
addition. 

(H.)  '^^inre  the  tube  is  of  sufficiently  large  diameter 
for  meiCLuj  lo  be  poured  into  it,  the  following  process 
is  extremely  simple  and  accurate.  Let  a  few  bubbles 
of  glass  be  blown  of  different  sizes,  fig.  6,  open  at  both  Fig  6. 
ends  ;  and,  of  course,  as  tlic  bubble  in  tlie  plate  is  of 
the  full  size,  having  but  a  minute  orifice  at  each  enrl, 
made  by  drawing  out  the  tube  heated  with  the  blowpipe 
and  then  breaking  it  evenly  off.  A  bubble  is  selected, 
large  or  small,  as  the  tube  may  require,  and  filled  by 
dipping  it  into  a  vessel  of  mercurjv  and  clt^sing  each 
end  with  the  finger  and  thumb.  Thus  one  measure  of 
mercury  may  be  transferred  to  the  tube,  the  space  it 
occupies  marked  with  a  diamond,  and  the  operation 
repeated  as  oflen  as  necessary.  The  absolute  capacity 
of  these  divisions  may  easily  be  calculated  if  required, 
by  weighing  the  bubble  alone,  then  the  bubble  and 
mercur)' ;  and  having  thus  obtained  the  weight  of  the 
merniry  filling  one  division,  and  knowing  either  the 
weight  of  a  cubic  inch  of  mcrcurj',  or  its  specific  gra- 
vity, compared  with  water,  and  the  weight  of  a  cubic 
inch  of  that  fluid,  the  absolute  capacity  of  the  bubble 
is  found.  There  is  also  a  convenient  method  of  this 
sort  described  in  Professor  Thomson's  valuable  article 
on  Decomposition,  in  tlie  Supplement  to  the  Enc^do^ 
pitdia  Britannica, 

(15.)  It  is  evident,  however,  that  such  methods  are 
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Hftu     not  applicable  to  the  capillary  apertures  of  common 

''•^^./•^^  thermometer  tubes.  These  are  seldom  graduated  upon 
this  principle ;  and  therefore  we  omit,  for  the  sake  of 
brevity,  M.  Gay  Lussac's  accurate  method  of  dividing 
such  a  tube  into  portions  of  equal  capacity.  The 
reason  of  this  process  of  graduation  being  little  em- 
ployed is  obvious ;  namely,  that  after  the  tube  has  been 
thus  divided,  it  is  a  mere  chance  whether  both  or  even 
one  of  the  points  for  adjustment  fall  exactly  upon  f^ny 
line  of  division,  after  the  bulb  has  been  blown  and  the 
instrument  filled.  With  a  thermometer  thus  constructed 
it  is  necessary  to  find  exactly  the  fi^ezing  and  boiling 
points  upon  its  scale,  that  is  in  terms  of  its  degrees,  be 
they  what  they  may,  and  then  by  calculation  to  reduce 
all  the  indications  of  such  an  instrument  to  the  scale  of 
some  other  known  system  of  notation,  such  as  that  of 
Fahrenheit,  Celsius,  &c.  For  complete  information  on 
this  head  we  must  refer  to  M.  Biot,  (i.  p.  46.) 

(16.)  The  mode  of  division  more  commonly  em- 
ployed for  the  stem  or  scale  of  the  thermometer  is  this. 
After  the  freezing  and  boiling  points  have  been  deter- 
mined, the  intermediate  space  is  divided  into  any  num- 
ber of  equal  parts  by  repeated  bisection,  or  by  a  dividing 
engine ;  this  number  being  determined  by  the  scale  we 
may  choose  to  adopt. 

Fahren-  (17.)  The  division  most  in  use  in  this  country  is 

heit's.  that  of  Fahrenheit,  which  places  180°  between  the 
melting  point  of  ice  and  the  boiling  point  of  water. 
The  former  is  marked  32^  which  was  estimated  by 
degrees  of  the  same  magnitude,  counted  fi'om  the 
greatest  degree  of  cold  which  Fahrenheit  could  pro- 
duce ;  this  he  called  0.  The  advantage  of  this  scale 
consists  in  the  degree  being  of  very  convenient  magni- 
tude for  common  purposes,  neither  too  large  nor  too 
small.  The  disadvantage  which  strikes  us  most  forcibly 
in  calculation,  consists  in  th^  zero  point  being  placed 
arbitrarily  with  reference  to  our  present  knowledge. 
In  this  respect  those  scales  which  place  zero  at  the 
melting  point  of  ice,  seem  to  us  to  possess  a  decided 
advantage. 

Reaumur's.  In  Reaumur's  thermometer  melting  ice  is  0,  boiling 
water  80®.  "  The  peculiarity  of  this  scale  seems  to 
have  arisen  firom  the  principle  upon  which  it  was  con- 
structed. He  supposed  the  liquid  in  the  bulb  (weak 
spirits  of  wine)  equal  to  1000  parts  at  the  temperature 
of  freezing  water,  and  the  increase  of  volume  to  be  80 
parts  when  heated  to  the  point  at  which  water  boils. 
Hence  the  latter  temperature  was  denoted  by  this 
number." 

De  Lisle's.  De  Lisle*s  thermometer  was  founded  on  the  contrac- 
tion of  mercury  in  cooling  from  the  boiling  to  the 
freezing  point  of  water.  Taking  the  original  volume 
at  10000,  the  contractions  were  supposed  150.  The 
scale  commenced,  therefore,  at  the  boiling  point  of 
water,  and  proceeded  to  the  fi^ezing  point,  through  150 
degrees. 

Celsius's.  The  division  proposed  by  Celsius,  a  Swede,  has  been 
adopted  in  France,  by  the  name  of  the  Centigrade 
scale.  Zero  is  placed  at  melting  ice,  and  100®  at  the 
point  of  boiling  water.  This  scale  is  particularly  con- 
venient for  calculation,  but  has  some  disadvantage  in 
the  great  size  of  each  degree,  fit>m  which  it  is  firequently 
necessary  to  employ  ft^u:tional  or  decimal  parts. 

Murray's.  Mr.  Murray  proposed  the  adoption  of  a  scale  of 
which  the  fi'eezing  point  of  mercury  should  be  0®,  and 
the  boiling  point  of  the  same  metal  1000®.  In  this 
scale  each  degree  would  be  more  than  half  as  large  as 


one  of  Fahrenheit's,  and  the  appearance  of  the  Bcheme    C 
is  plausible  enough.   But  it  assumes  that  the  dilatations  v^ 
of  mercury  are  uniform  throughout,  which  it  will  be 
shown  hereafter  is  not  the  case  through  so  g^eat  lUI 
extent  of  scale. 

(18.)  In  the  Appendix,  Tables  1,  2,  and  8,  serve  ttn 
the  reduction  of  degrees  upon  one  scale  to  those  of 
another,  for  the  three  divisions  most  in  use.  Th6 
following  formulae  are  also  convenient  for  the  same 
purpose : 

^-        1.8 
F®  =  C«»  X  1    8+32 
R®  =  ^(F°-.32) 
F®  ==  4  R**  +  32 

^-"oTs 

R«  .=  C®  X  0.8 


(19.)  The  method  of  graduation  by  continued  bisec- 
tion, or  by  equal  numerical  division,  though  made  \um 
of  almost  invariably,  takes  for  granted  that  the  tube  ie 
uniform  in  capacity  throughout.  Thermometers  thus 
constructed  have  certainly  a  great  advantage,  in  tbe 
facility  of  reading  their  indications  at  once  from  the 
graduated  scale,  without  an  intermediate  calculation  ^ 
but  in  matters  of  great  delicacy  the  source  of  inac- 
curacy just  adverted  to  must  not  be  overlooked.  Our 
able  countryman,  Mr.  Troughton,  makes  use  of  a 
method  in  the  construction  of  thermometers  which 
combines  the  advantages  of  both  the  systems  we  \uerm 
mentioned.  We  regret  much  that  he  has  never  made 
it  public  other  than  by  verbal  communication.  Hie 
tube  is  selected  with  care,  and  filled  in  the  usual  manner; 
the  freezing  and  boiling  points  are  then  ascertained 
and  marked  upon  the  stem  ;  the  pjrocess  for  obtainin|p 
degrees  of  absolutely  equal  capacity,  is  founded  upon 
the  principle  of  changing  the  position  of  a  given  column 
of  mercury  to  different  parts  of  the  tube.  After  al]« 
this  method  seemed  to  require  considerable  mtoiuml 
dexterity,  which  M.  Gay  Lussac's,  depending  on  the 
same  principle,  did  not.  But  the  result  of  Mr. 
Troughton  produces  by  far  the  most  convenient  ther- 
mometer. 

(20.)  Let  us  now  suppose  that  we  have  got  a  mer- 
curial thermometer  constructed  as  well  as  possible  in 
all  points  hitherto  mentioned,  and  let  it  be  plunged 
into  a  heated  fluid.  What  does  the  position  of  the 
mercury  in  the  instrament  tell  us  ?  A  numerical  result 
according  to  some  conventional  notation,  which  in  its 
comparative  reference  to  other  instruments  is  quite  in- 
telligible. Founded,  it  is  true,  upon  the  dilatation  of 
mercury ;  but  not  indicating  to  us  precisely  the  tempe- 
rature in  terms  of  the  dilatation  of  mercury,  but  in  terms 
of  that  dilatation  as  it  takes  place  in  glass  which  is 
also  dilatable  by  heat,  though  in  a  much  less  degree. 
The  expression  of  the  thermometer  then  is  the  excess 
of  the  dilatation  of  mercury  over  that  of  glass,  for  a 
given  augmentation  of  temperature. 

The  apparent  dilatation  of  mercury  in  glass  thus  Dil 
obtained  is  t^.W  of  its  initial  volume,  proceeding  firom  ^  < 
the  temperature  of  melting  ice  to  that  of  boiling  water; 
and  hence,  it  is  evident,  the  apparent  dilatation  for  one 
degree  upon  any  given  thermometric  scale,  may  easfly 
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Heat,  sulphuric  acid,  tinged  with  cannine,beiiig  introduced  into 
^^— s/— ^  the  ball  of  the  longer  tube,)  are  joined  together  by  the 
flame  of  a  blow-pipe,  and  afterwards  bent  into  the  shape 
of  the  letter  U  ;  the  one  flexure  being  made  just  below 
the  joining,  where  the  small  cavity  facilitates  the  adjust- 
ment of  the  instrument,  which,  by  a  little  dexterity,  is 
performed  by  forcing  with  the  heat  of  the  hand  a  few 
minute  globules  of  air  from  the  one  ball  into  the 
other.  The  balls  are  blown  as  equal  as  the  eye  can 
judge,  and  from  four-tenths  to  seven-tenths  of  an  inch 
in  diameter.  The  tubes  are  such  as  are  drawn  for 
mercurial  thermometers,  only  with  vrider  bores.  Fig. 
Fif  Ij.  15  represents  this  instrument:  the  actual  value  of  its 
degrees  must  be  ascertained  by  comparison  with  the 
mercurial  thermometer,  as  the  range  of  its  scale  is 
seldom  made  so  as  to  extend  from  the  freezing  to  the 
boiling  point ;  so  that  degrees  might  be  obtained  by 
division."  (n.) 

(81.)  The  freezing  point  upon  the  mercurial  ther- 
mometer has  been  supposed  to  undergo  some  slight 
variation,  so  as  to  appear  too  low  upon  the  scale  of 
those  instruments  which  have  been  long  made  ;  and  it 
is  said,  that  in  such  cases  the  just  indication  was  again 
recovered  by  breaking  off  the  end  of  the  stem,  so  as  to 
admit  atmospheric  air.  Our  very  accurate  countryman, 
Troughton,  examined  several  very  old  thermometers, 
without  finding  that  they  had  undergone  any  such 
change.  On  this  subject  consult  the  following  refe- 
rences: (p,)  (7.)  (r,)  (f,)  («,)  (v,)  («?.) 
References  from  (1)  to  (81)  inclusive  : 
(a)  Wedgwood,  Phil.  Tram.,  Ixxiv.  p.  810,  &c. 
(Jbi)  Guyton,  Nich.  Jour.,  vi.  p.  89,  and  An.  de  Ch., 
Ixxiv.  and  Ixxviii.  (c)  Ellicot,  Phil.  Tratu.,  xlvii.  (d) 
Smeaton,  Phil.  Tratu.,  xlviii.  (e)  Ramsden,  Phil. 
Tram.,  Ixxv.  (/)  Crichton,  Phil.  Mag.,  xv.  (g) 
Regnier,  MAn.  de  Vlnst.,  torn.  ii.  (A)  Biot,  Jour,  des 
Mines,  xvii.  p.  208.  (t*)  Biot,  Phyrique,  vol.  i.  (k) 
Report  of  a  Committee  of  the  Royal  Society,  &c. 
Phil.  Tram.,  Ixviii.  part  ii.  art.  87.  (0  Six,  Phil. 
Tram.,  1782 ;  Mortimer,  Phil.  Tram.,  xliv.  p.  689 ; 
Frotheringham,  Phil.  Tram.,  xlv.  p.  129 ;  Fitzgerald, 
PhU.  Tram.,  Ii.  p.  828 ;  De  Luc,  Phil.  Tram.,  Ixviii. 
p.  487 ;  Martine's  E$$ayt ;  Hale's  Statical  Essays, 
vol.  i.  p.  58  ;  De  Luc,  Recherches,  &c.  i.  partii.  ch.  ii.; 
Nollet's  Legom  de  Physique,  iv.  p.  875 ;  Muschen- 
broeck,  Inst,  ad  Nat.  Phil.,  ii.  p.  625 ;  Cavendish,  Phil. 
Tram.,  1757;  Cavallo,  PAi/.  Tram.,  1781.  (m)  Gay 
Lussac,  An.  de  Ch.  d  dePh.,  iii.  p.  91.  (w)  Leslie's 
Inquiry,  &c.  p.  9.  (p)  Gourdon,  Bibl.  Univ.,  xix. 
p.  154.  (<q)  Flaugergue's  Bibl.  Univ.,  xx.  p.  117. 
(r)  De  la  Rive  and  Marcet,  Bibl.  Univ.,  xxiii.  p.  101. 
(f)  Bellani,  Bibl.  Univ.,  xxi.  p.  252,  xxiii.  p.  101.  (Q 
Edin.  Phil.  Jour.,  No.  xvii.  p.  196.  (v)  Daniell,  An. 
Phil.,  Oct.  1828.  (w)  Ksmtz,  Jour,  f&r  Phys.  &c. 
von  Schweig.,  vol.  x.  p.  200.  Consult  also.  On  the 
maximum  density  of  Water,  Hslstrom,  Kongl.  Vetemkaps 
Handlingar,  1828,  part  ii.  p.  198  ;  Crichton,  An.  Phil., 
June,  1828,  p.  401 ;  Httllstrom,  Kong.  Vetensk.  Acad. 
Hand.,  Stockholm,  1824,  p.  1 ;  Herapath,  on  Thermo- 
meters, Phil.  Mag.,  Jan.  1824,  p.  8 ;  Bessel,  on  cor- 
recting the  errors  of  reading  off,  Phil.  Mag.,  April, 
1824,  p.  307  ;  Difibrence  of  indication  between  Ther- 
mometers at  very  low  temperatures,  in  Captain  Parry's 
voyage,  Edin.  Jour,  of  Science,  July,  1824,  p.  183  ; 
Adams,  on  the  construction  of  Thermometers,  Silliman's 
Jour.,  May,  1824  ;  Emmet,  on  the  law  of  dilatation  in 
liquids,  An.  PhU.,  Oct  1824,  p.  254  ;  Butt's  improve- 


ment of  the  differential  Thermometer,  Tram 
PhU.  Soc,  vol.  i.  N.  S.  1818,  p.  301. 

Dilatation  of  Solids. 

(82.)  Before  we  proceed  to  a  review  of  t 
searches,  which  have  at  various  periods  been  n 
the  purpose  of  ascertaining  the  absolute  laws 
tation  for  various  bodies,  solids,  liquids,  and  g« 
shall  find  it  convenient  to  examine  briefly  tl^ 
mathematical  designations  for  these  dilatatio 
in  so  doing,  shall  select  some  of  the  most  in 
formuls  from  M.  Biot's  work. 

Let  d  represent  the  dilatation  of  a  solid  f 
unit  of  length,  from  the  effect  of  some  given  in 
of  temperature ;  then  may  the  dilatation  for  th* 
volume,  by  the  same  change  of  temperature,  b 
sented  by  8  £  ;  so  that  if  ti^e  originsd  volume  o 
or  vessel  be  V,  the  subsequent  volume  may  be  < 
(1+8  B.) 

For  let  us  suppose  an  homogeneous  mass,  ^ 
by  being  dilated  by  heat  becomes  V^  the  forv 
the  dame  in  both  cases ;  but  the  volumes  of 
figures  are  as  the  cubes  of  their  homologous  sid 
is  as  the  cubes  of  their  linear  dimensions  i,  f  n 
in  the  same  direction. 


Hence, 


V 


HI 


And 


v'-v    r«-/»     (r*  +  r/  +  ^). 


I' 


/» 


If  the  linear  dilatation  (/'  —  Q  be  very  sm 

pared  with  /,  as  in  the  case  with  all  solids  at  1 

tures  distant  from  their  fusing  points,  V  —  V, 

tation  of  volume  will  also  be  very  small,  compa 

V,  because  of  the  factor  /'  —  /,  which  is  its  n 

in  the  second  member  of  the  equation.     So 

considering  these  dilatations  so  small  that  we  n 

regard  the  first  power  of  the  fractions  representii 

which  is  almost  always  sufficiently  exact,  we 

they  may  be  neglected  in  the  factor  l*^  -j-  f  I 

which  case  /  ==  /^  and  the  factor  in  this  case 

8  I*.    Thus  the  numerator  and  denominator 

divisible  by  l\ 

V'-V  r^    Z'-/^ 

whence  — r= —  =    <3.  — - —  > 


r^i 


is  the  linear  dilatation  for  the  unit  of  leo 


V  —  V 

— — —  is  the  cubic  dilatation  for  the  unit  of 

between  the  temperatures  of  the  experiment ; 
by  calling  the  former  h,  and  the  latter  A,  we  1 
tween  these  temperatures  A  =  3  ^,  that  is  to 
cubic  dilatation  is  triple  the  linear  one  very  ne 
(88.)  From  the  above  formula,  the  new  voh 
body  may  be  readily  calculated, 

V'  -  V       ^V-l 
for  as  — =r —  =  3 .  — - — 


,.  =  v{l+3^'} 


or  simply  V  =  V  (I  +  A) 
(84.)  Proceeding  in  the  case  of  solids,  and  i 

l^  —  I 
that  their  linear  dilatation  — - —  is  constantly 
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titmal  to  the  number  of  de^eea  of  the  thermometer, 

^  counleri  from   the  freezing'  point :  let  V  be  ihe  initial 
volume  at  lliat  lemijerature,  and  i,  be  the   degrees  of 
tctoperalure^  comiled  upwards  from  that  point.     If  the 
linear  dilatation  for  1  <Ieg^rce  ^  k;  the  linear  dilata- 
tion for  i  deg^reen  will  be  k  I ;  consequently  V  =  V 
(I  +  3  it  i,)  or  by  making  K  =  3  k 
V'=:  V  (I   +   KO 
(35.)  Should  the  initial  volume  V  be  unknown,  it 
may  be  deduced  from  these  Ibrmulae  after  we  have  ob- 
tftiiwd  V  by  observation ;  but  it  is  equally  just  t«  adupt 
aoy  other  volume  for  the  foundutioji.     For  by  calling 
V  and  V''  the  volumes  corresponding  to  the  tempera- 
tures r  and  (f\  we  have  similarly 

V'=  V  (1  +  K  n  V''  ^  V  (I  -h  K  /'O 

where  V  is  always  the  volume  at  the  temperature  of 
nseliiDg  ice. 

Hence  y^/  ^  y'  ^  "^  ^  ^' 


=  V'|l 


1  ^K^' 

K  (r  -  e)\ 


1  +  kY  j 

But  all  our  present  calculations  are  made  on  the  sup< 
position  that  the  cubic  dilatation  K  is  ko  small,  that  we 
need  only  regard  the  first  power  of  the  fraction  that 
expresses  it.  Continuing  then  here  the  same  order  of 
approiimation  ;  that  is  to  say  neglecting  K  f  in  tlie 

K  {t  ^  e) 


denominator  of  the  fraction 


because   the 


1  -h  y^e 

numerator  is  already  of  the  order  K,  we  obtain  simply 
V^^  V  { 1  +  K  (^'  —  ^)  j  that  is  to  say,  exactly  the 
same  result  as  if  the  temperature  had  been  counted 
&€JD  the  point  i\  aud  from  Ihe  volume  V,  with  the 
constant  coefficient  K. 

(S60  Til  is  approximation  is,  however,  only  applica- 
ble to  the  case  of  substances  having  very  ^mall  dilata- 
lions.  If  otherwise,  the  higher  powers  of  K  must  be 
employed.     Returning  to  our  equation, 

v-  V      r^  +  r/  +  /^    I'  -  i 


l^ 


i 


lukd  coniiiiing  ouraelves  to  ihe  case  of  uniform  dilatation 

1*t  —        =.k  U  whence  /'  ^  /  (I  +  A*  /)  where  k  is 

*be  linear  dilatation  of  an  unit  of  length  for  one  de* 
Sreeofthe  thermometer.  By  substituting  this  value  of 
;^. I'  -I 


'fl  our  equation,  and  using  k  t  for 
^'j'^^tattoa, 

we  find        "7       =  (3  +  3  Jt  £  +  A*  C") 


the   linear 


Whether  this  assumption  be  absolutely  just,  remains  to     Cliap.  L 
be  seen  hertafler.  s.^».k^^--^^ 

Dilatation  of  Liquidi  and  Gates^ 

(37.)  Although  the  absolute  dilatations  of  these  two  Liquids  and 
classes  of  substances  are  widely  different  from  each  ^■^- 
other,  yet  the  formula;  to  be  investigated  are  of  gene- 
ral application  to  both.  When  heat  is  communicated 
to  a  fluid  of  either  of  the  above-mentioned  kinds,  the 
ellect  produced  is  expansive.  In  both  cases,  however, 
relative  changes  are  lesisted  by  another  farce,  which  we 
must  not  always  overlook.  This  force  is  no  other  than 
the  pressure  of  the  atmosphere,  which  is,  in  fact,  pre- 
sent during  the  expansions  of  solids,  liquids,  and  gases. 
In  the  two  former  cases,  however,  its  effects  are  utterly 
inappreciable;  but  in  the  case  of  aerifrjrni  fluids,  the 
atniosphenc  pressure  must  frequently  ftjrm  an  element 
in  onr  calculations.  The  ordinar>'  statics  of  gaseous 
bodies  do  tiot,  it  is  true,  fall  within  the  province  of  this 
Article  ;  but,  for  the  reasons  just  mentioned,  we  shall 
find  it  convenient,  to  bear  in  mind  certain  formula?, 
constantly  required  in  these  and  similar  investigations. 

(8S*)  The  volume  of  a  given  quantity  of  air,  or  gas,  Volume  and 
at  a  given  temperature,  is  always  proportional  to   the  P"**^*^' 
pressure  to  which  it  is  exposed.     Hence  if  V  be  the 
original   volume  under   a  pressure  p^  then  under  any 
other  pressure  j/  the  new  volume, 

P 
Til  is  refers  to  air  or  gas  absolutely  dry. 

{39.)  The  pressures  to  which  we  refer,  are  those 
measured  by  tiie  cohinin  of  mercury  in  the  barometer, 
and  it  ]»  usual  to  refer  die  estimated  volumes  of  aeri- 
tbrm  fluids,  to  the  volumes  which  they  would  possess 
at  a  standard  altitnde  of  the  barometer,  viz,  30  inches. 

Having  then  a  volume  of  gas  i\  die  barometer  stand- 
ing at  p  inches,  the  volume  V  referred  to  the  standard 
altitude  is  tlius  expressed, 

w 

(40.)  But  it  frequently  happens  that  the  air  is  con-  if  over  a 
fined  in  a  jar  or  tube  over  mercurvi  so  that  the  pressure  trough  of 
carmot  be  naturally  equal  within  and  without  the  jar,  racrcurj-, 
and  the  air  is  dilated. 

Let  ^  be  the  length  of  the  column  of  air  in  the  tube; 
A,  the  total  height  of  the  column  of  mercury  and  air 
above  the  surface  of  the  fluid  iu  the  trough;  p,  the 
altitude  of  the  barometer;  r,  the  true  volume  at  that 
pressure;  tlien 


kt 


Kt   ,   K^^ 


21 


) 


V  ^ 


""^  calling  3  Ar  ^  K  as  before, 

^^^h  formula  is  complete  for  substances  of  ffreat  dila- 

*^e  whole  of  the  above  reasoning  has  proceeded  on 
"^^  supposition,  that  in  each  solid  the  dilatation  (be  its 
iDSofute  quantity  what  it  may)  is  always  proportionate 
tolbe  increments  of  temperature,  measured  upon  the 
wr  thermometer,  the  only  one  of  invariable  accuracy. 


«=iL.{p-(A_.)| 


(41.)  Should  a  similar  calculation  be  required  for  If  over  » 
air  standing  over  water,  as  p  refers  to  a  pressure  made  trough  of 
by  mercury,  the  formula  becomes  water. 


And  it  is  usual  to  reduce  the  value  of  t^  thus  obtained 
to  that  which  it  would  be  at  the  standard  altitude  of  30 
inches  by  formula  in  Art,  B9. 

(42.)  We  may  now  proceed  to  consider  thedilaUtion 
of  fluids  by  augmentations  of  temperature. 

Let  V  be  the  volume  of  fluid,  be  it  liquid  or  aeri- 
fona,  at  the  temperature  of  melting  ice ;  where  V  is 
2  I  2 
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at  was  filled  with  mercury  a«d  boiled,  for  the 

^cmnpTeie  expulsion  of  die  air;  afler  cooling?  I  weighed 
eparately  the  mercury  of  the  tube  and  that  otOie  biilb» 
and  thus  obtained  the  ratio  of  their  capacities.     The 
liquid  whose  dilatation  was  to  be   measured  wa**  then 
introduced  into  the  appuratus,  and  the  extremity  of  the 
tube  was  closed  at  a  lamp.    Nothing  more  remains  but 
to  compare  the  march  of  this  thermometer  willi  I  hat  of 
the  mercurial  thermometer,  aud  this  I  aceompiished  by 
plunging  both  into  a  water  batlu  of  which  the  tempe- 
rature might  be  varied   at   pleasure.     I   suppose  the 
volume  of  each  liquid  at  its  boiling  point  to  be  repre- 
seated  by  1000.  and  I  have  estimated  tlic  volumes  cor- 
responding to   inferior   temperatures    in   proportional 
pMts.     Table  7  represents  the  contractions  of  volume 
obtained  for  each  liquid. 
*^  The  boiling  points  of  each  liquid  are 

Water , 100*='.00  C 

Alcohol.    .  ... 78'>.4l  C 

Swlphuret  of  carbon     46*^.60  C 
Sulphuric  ether.  ..  .      35^66  C 
**  It  may  be  remarked  that  these  results  in  the  table 
are  not  corrected  for  the  contraction  of  the  glass  which 
augments  them  in  a  slight  degree,  because  there  is  another 
cause  tending  to  diminish  them,  which  it  is  not  easy 
to  estimate  ;    this  is  the  vapour  which  fills  the  space 
left  by  the  liquid,  and  also  the  Lhin  film  of  fluid  which 
moisttDS  the  interior  surface  of  the  lube.     In  order  the 
better  to  obser\^e  the  progress  of  dilatat'on,  I  liave  ar- 
ranged another  Table    8   in  which    the    temperature 
sinks  by  steps  of  five  degrees,  each  setting  out  from 
Ujc  boiling  point  of  each  liquid,  which   is  the  zero  of 
our  &cale  :    the   corresponding  contractions  have  hv^ 
determined  by  tating  the  two  nearest  observations,  and 
supposing  their  difference  to  be  proportional   to  that  of 
Uie  temperatures.     Besides^  the  contractions  have  also 
Wn  odculated  by  M.  Biot's  formula 
c  =  Ai  +  Bi«  +  C(K 
"  Prom  this  table  it  appears,  first,  that  water  dilates 
mud*  less  than  alcohol  and  sulphuret  of  carbon,   and 
ooth  these  less  than  ether.     Secondly^  that  alcohol  and 
sulphuret  of  carbon  dilate  equally,  as  it  is  only  in  the 
TO  fifteen  degrees  that  there  is  a  slight  difference   be- 
l»een  their  dilatations ;   and  this  may  be  attributed  to 
^*  difficulty  of  maintaining  an  uniform  temperature  at 
pe*t  elevations.      Throughout    the   remainder  of  tlie 
*cile,  which,  for   sulphuret   of  carbon*  extends  to  60^ 
^l(w  its  boiling   point,  or    to    13^.4  below  freezing 
ptiint  of  water^  the  accordance  is  perfect.     Struck  by 
tljis  unexpected  result,  and   not  being  able  to  refer  it 
hitherto  the  density  or  to  the  very  unequal  volatility  of 
yietwo  liquids,  I  was  anxious  to  convince  myself  that 
H  did  not  depend  upon  the  densities  of  their  vapours, 

"  Instead  of  weights  I  took  e<]ual  volumes  of  each 
hcirtid  at  its  boiling  temperature,  and  sought  wlmt 
^ouldbe  the  volume  of  vapour  produced  under  a  pres- 
^of  76  centimetres,  and  at  a  temperature  of  lUO^. 
*^orihis  purpose  I  made  use  of  the  following  data,  fur* 
wihed  by  direct  experiment. 

Utility  of  alcohol    17'.88,,    0,79235 

Deuiity  of  alcohol 78^41  . ,    0,73869 

Density  of  fiulphuret  of  carbon    .,   15^.11   ..    1.2693 
Dejisity  of  sulphuret  of  carbon    ,  .  46°M     * .    1.2216 

I>«islty  of  sulphuric  ether 24°.77  . .    0.7U92 

Density  of  sulphuric  ether    35^  66  . .    0.69739 

Density  of  water. ...... 100°        , .   0.96064 


**The  densities  of  these  diflTerent   liquids  at   their    Cliap.  i. 
respective  boiling  points  are  referred  to  that  of  water  at  ^^p-^^,-^-*pp^ 
its  maximum,  viz.  at3°.89.**  (An.  de  Ch,  tt  PA.,  i.l08.) 
Gramme.  Litres. 

1  of  alcohol  produces 0.661  of  vapour  at  100*^. 

1   of  sulphuret  of  carbon 0.402 ,   100^ 

I  of  sulphuric  ether .,...,.,  0,41 1  . . , , lOO'*, 

I  of  water     l;700 100° 

From  these  data  it  follows,  that 

Alcohol 78^41  produces  488.3  of  vapour  at  100° 

Sulph.  carbon  46-.60 491. 1 100^ 

Ether 3&°  66    285,9 100° 

Water    .  , .  .    100^0     , 1633.1 100°. 

**  Upon  a  comparison  of  these  last  numbers  we  ob- 
serve that  alcohol  and  sulphuret  of  carbon  produce  the 
same  volume  of  vapour  ;  consequently  the  densities  of 
the  two  vapours  bear  the  same  ratio  to  each  other,  as 
the  liquids  do  at  their  boiling  points. 

**This  result,  (hat  alcohol  and  sulphuret  of  carbon 
dilate  equally  and  produce  tlie  same  volume  of  vapour, 
is  certainly  very  remarkable  ;  it  would  seem  to  warrant 
the  presumption,  that  there  is  an  intimate  relation 
between  the  dilatation  of  a  liquid,  and  the  expansion 
which  it  undergoes  when  reduced  to  the  state  of  vapour. 
This  ratio  ought  to  be  independent  of  the  density  and 
the  volatility  of  the  liquids,  or.  at  leasts  ought  not  to 
depend  upon  these  properties  only,  since  in  alcohol  and 
sulphuret  of  carbon  they  differ  so  widely.  Ether  and 
water  present  no  similar  appearance  ;  only  we  perceive 
that  ether,  which  of  the  four  liquids  produces  the 
least  vapour,  has  the  greatest  dilatation ;  and  that 
water,  which  produces  the  greatest  volume  of  vapour, 
dilates  the  least*  The  contractions  of  the  four  liquids* 
compared  together,  are  not  proportional ;  and  the  con- 
tractions of  the  same  liquid  decrease  gradually  as  we 
recede  from  their  boiling  points,"    {i.) 

(55.)  We  now  proceed  to  examine  the  first  of  two  Duiong  and 
memoirs  by  MM.  Dulong  and  Petit,  connected  with  Petit, 
tliis  part  of  our  subject.  It  was  communicated  to  the 
French  Institute  in  1815.  They  first  inquire,  what  is 
to  be  understood  by  the  word  (entperature  ?  and  then» 
what  is  the  true  ratio  between  the  thermometrical  indi- 
cations and  the  real  quantities  of  heat  added  or  sub- 
tracted in  producing  given  changes  of  temperature  ? 

The  instruments  at  present  in  use  depend  upon  the 
dilatations  of  substances  by  heat,  and  to  be  rigorously 
exact  ought  to  satisfy  two  dilTerent  conditions.  The 
one  of  beinp;  constant  in  their  indications  under  I  he 
same  circumstances  ;  and  the  other  of  being  capable  of 
strict  comparison  with  eacli  other,  that  is  to  say,  having 
their  motions  in  just  uniformity  with  the  changes  of 
temperature.  By  care,  and  well  known  methods,  the 
former  purpose  may  easily  be  attained. 

W'ith  regard  to  the  latter,  however,  there  is  much 
more  ditticulty  ;  for  it  is  necessary  to  establish  a  mode 
of  division  such  that  equal  nominal  parts  upon  the 
scale  shall  correspond  to  equal  changes  of  temperature, 
To  fulfil  this  object  completely,  it  is  not  enough  to 
ascertain  the  ratio  between  the  dilatations  in  the  iher- 
mometric  substance,  and  the  quantities  of  heni  com- 
municated to  it;  but  we  ought  to  be  assured  that  the 
capacity  of  the  substance  for  heat  undergoes  no  change, 
or,  at  least,  ought  to  be  able  to  estimate  that  diange  if 
it  lake  place.  The  extreme  dithcuhy  of  determining 
exactly  how  the  specific  heat  of  a  substance  varies, 
especially  at  high  temperatures,  may  be  regarded  as 
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one  of  the  ^eatest  obstacles  to  the  direct  solution  of 
this  queiition. 

Philosophers  have,  however,  made  some  attempts  to 
inveiitigate  this  point :  De  Luc  supposed  that  the 
capacity  of  water  did  not  vary  between  0*^  and  IDO^ 
centigrade  ;  bo  that  by  mixing-  equal  weig-hts  of  ihis 
fluid  at  diflerent  temperatures,  the  mixture  vroukl  have 
'lis  temperature  the  mean  of  that  of  (he  portion  of 
fluid  before  mixture.  Mr.  Dalton  proposed  the  mixture 
of  equal  volumes  instead  of  equal  masses  ;  because  he 
supposed  that  the  capacity  of  the  same  mass  augments 
with  the  temperature,  in  proportion  to  tlie  volume 
acquired ;  or,  in  other  words,  that  the  capa^iJty  of  bodies 
if  referred  to  their  volume  is  constant. 

The  method  which  MM.  Dulong-  and  Petit  deter- 
mined first  to  adopt,  wa.s  to  compare  the  indications  of 
the  mercurial  thermometer  with  the  dilatations  of  air  or 
gas  ;  for  it  seems  proved  by  the  experiments  of  Dahon 
and  Gay  Lussae,  that  all  gases  dilate  exactly  in  the 
same  degree  under  similar  circumstances,  and  conse- 
qnently  it  is  inferred,  that  equal  increments  of  volume, 
are  produced  by  equal  increments  of  temperature. 

On  this  principle,  M.  Gay  Liissac  has  satisfied  him- 
self that  tlie  march  of  the  mercurial  thermometer  is 
accurate  between  the  temperatures  of  melting-  ice  and 
boilin^j^  water.  It  has  generally  been  supposed  also, 
that  the  dilatation  of  solids  which  are  of  difficult  fusion 
is  unifonn  ;  and  the  experiments  of  MM,  Laplace  and 
Lavoisier  on  metak,  seemed  to  confirm  that  opinion. 

*'  But,*'  say  MM.  Dufong^  and  Petit,  **  if  substances 
so  ditTerent  as  the  metals  and  g"ascs  follow  the  same 
relative  law  in  their  dilatations,  it  becomes  extremely 
probable  that  these  dilatations  may  indicate  the  true 
iemperatures  ;  and  this  may  be  verified  by  a  compansoe 
with  the  corresponding  quantities  of  heat.'* 

Our  authors*  then  proceed  to  compare  the  dila- 
tation of  gases  with  the  indications  of  the  mercurial 
thermometer.  It  is  impossible  for  us  to  give  in  this 
place  a  description  of  iheir  apparatus,  or  a  full  detail  of 
these  excellent  researches,  we  therefore  pass  by  the 
numerical  results^  and  quote  the  following  general 
remarks. 

*'  The  results  which  we  now  publish,  teach  us  that 
the  dilatation  of  mercury  in  the  thermometer  follows 
a  law  which  advances  upon  that  of  air  ;  so  that  if  we 
consider  the  latter  as  proper  tbr  the  exact  measure  of 
temperatures,  we  must  thence  conclude,  that  the  indi- 
cations of  the  mercurial  thermometer  are  too  elevated 
at  temperatures  above  the  boiling  point  of  water,  and 
the  numbers  obtained  in  these  experiments  may  atlbrd 
the  requisite  corrections  for  such  indications.  These 
numbers  increase  with  such  regularity,  that  we  may 
without  sensible  error  determine  the  correction  for  in- 
termediate tempera ttires  from  those  comprised  in  the 
table/' 

Fur  two  such  tables  obtained  by  independent  methods 
we  must  refer  to  the  original  memoir 

**  The  result  of  these  experiments  overturns  a  doubt 
which  has  been  raised,  with  regard  to  the  law  of  the 
dilatation  of  giises.  Thi?*  law  has  not  been  expressed 
in  the  same  manner  by  MM,  Gay  Lussac  and  Dahon, 
whose  researches  on  this  point  appeared  at  the  same 
time.  The  experiments  of  M.  Gay  Lussac  tended  to 
}»rove  that  the  dilatations  of  gases  referred  to  the 
mercurial  thermometer,  are  for  each  degree  one  constant 
fraction  of  the  volume  at  some  fixed  temperature,  Mr. 
J>alton,  on  the  contrary,  supposed  that  the  increment 


of  volume  for  each  equal  change  of  tcraperatuTe^  is  J 
some  constant  llraetion  of  the  total  volume  at  the  tempe-  j 
ram  re  preceding  the  change.  Mr.  Dalton  docs  not 
seem  to  have  confirmed  his  supposition  by  direct  exp^ 
riments,  but  argues  in  favour  of  his  hypothesis  from 
the  extreme  simplicity  to  which  it  reduces  certain 
apjjarently  complicated  laws,  such  as  the  law  lor  tke 
cooh'ng  of  bodies,  and  that  for  the  variation  of  theeltistie 
force  of  vapours. 

*•  We  feel  certain,  however,  that  the  former  of  theii 
laws  has  not  that  simplicity  of  character  which  Mr, 
Dalton  supposed,  even  on  the  admission  of  his  omi 
hypothesis, 

**  It  is  not,  however,  by  reasonings  of  this  sort  tliat 
we  can  establish   those   laws  which  observation  alone 
ought  to  furnish.     The  exj>eriments  we  have  made  at 
high  temperatures  destroy  the  hypothesis  of  the  Eaglish 
philosopher;    for  although   these  experiments  decid% 
nothing  with  certainty  as  to  the  true  measure  of  tempe* 
ratures,  it  is  at  least  probable,  that  the  march  of  the 
mercurial   thermometer  ought   to   be  more  rapid  th&xi 
that  of  the  temperatures,   because  in   all  other  liquids 
the  dilatability  augments    in    proportion   as  they  iM-e 
heated  ;  while  on  the  hypothesis  which  wenowoppo»^ 
we  should  find  that  mercury  on  the  contrary  decreas-ed 
rapidly  in  dilalability,  according  as  it  became  healed;     a 
result   altogether  opposed  to  the  principles  on  whtsrh 
Mr.  Dallun  has  founded  his  theory  of  the  measure   oi 
temperalnres." 

(56.)  The  dilatations  of  solids  at  high  temperatures 
fomis  the  next  subject  of  our  memoir.     The  principle 
employed  is  that  made  use  of  by  Borda  long  since.  'Vhe 
absolute  measures  of  the  longitudinal  dilatation  are  oot 
attempted  in  the   firr^t  instance  by  reference  to  a  fix*d 
scale,  but  by  having  compound  bars  formed  of  two  dif' 
ferenl  metals^  exposed  to  the  same  changes  of  tempera- 
ture, the  differences  of  their  expansions  are  ascertained 
with   comparative  ease  and  accuracy.     Having  formed 
an  instnuuent  of  this  sort  from  a  bar  of  plalinum  and 
one  of  copper  fixed  together  at  one  end,  with  a  vernier 
at  the  other  extremity,  for  ascertaining  the  ditlVrenccof 
dilatation,  they  exposed  it  to  temperatures  of  2" 
and  300  degrees,  and  made  simultaneous  ol)Ss ; 
upon  the  veniier  and  the  mercurial  Iherroomeier.   11> 
obtaining  the  value  of  one  degree  upon  this  roetftHic 
thermometer,  from  a  division  of  the  observed  dilatation 
during  about  the  first   100   degrees   of  heating*  thnr 
found  that  by  continuing  that  division,  the  poinlofSOCT"^ 
upon  the  mercurial   thermometer  would  about  curre*^ 
pond  to  310°  upon  the  metallic  thermometer,    ^Fbc^^ 
experiments,  which  were  frequently  repeated  with  «tr3r  ^ 
accordant  results,  prove  tbat^  contrary  to  the  generally 
received  opinion,  the  progress  of  dilatation  in  tnetali  ** 
more  rapid  than   that  of  the  mercurial   themioroetc^^* 
Thus,  supposing  that  the  air  thermometer,  the  inercnii^^ 
thermometer,  and  the  metallic  thermometer,  hud  beg'^i 
graduated  as  above  described,  when  the  former  ni*'^^^^ 
300°  in  its   scale  liie  second  would  point  to  SlU^tf■^ 
the  tldrd  to  320°. 

It  was  highly  desirable,  but  a  matter  of  some  di»^ 
culty,  to  make  a  similar  comparison  with  regard  10  tt*^ 
dilatations  of  metal  and  glass,  and  for  this  purpose  tll^ 
copper  bar  was  fixed  to  one  of  glass.     The  result  of  <!• 
experiments  with  this  apparatus  seemed  to  profe>tM» 
the  excess  of  the  dilatation  of  the  copper  beyond  thil 
of    he  glass,  continued  very  nearly  proportional  totlvi 
indications  of  the  mercurial  thermometer  up  to  ttii 
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quantity  estimated  by  weij^ht,  which  a  g^iven  volume  of 
*  the  fluid  undergoes  by  a  g-iven  change  of  temperature. 
It  13   a   known  principle   in    hydrostatics  that  a  body 
plunged   into    any  fluid  experiences   a   loss   of  weii^ht 
equal  to  the  weight  of  the  volume  of   fluid  which   it 
displaces.      Let  a  mass  of  any   metaJ,  platinum   for 
euunple^  be  affixed  to   a  hair»  and  weighetl  in  air  at  a 
pleasure  and  temperature   both  given.      Its    absolute 
irdght  will,  in  this  case,  be  diminished  by  the  weight 
of  the  volume  of  air  which  it  displaces ;    tliis  loss  is 
80  inconsiderable,  that  let  us  for  the  present  altogether 
tieglect  it,  and  suppose  the  weight  obtained  to  be  truly 
that  of  the  platinum  in  vacuo.     For  similar  reasons  we 
may  at  present  neglect  the   very  slight  alteration    in 
apparent  weight,  which  changes  in  the  temperature  and 
pressure  of   the  atmosphere    must,   strictly   speaking, 
produce.     Let  the  mass  of  platinum  be  again  weighed, 
iiut   in  water,  and   the  dilference  between   these    two 
weights  will    give  the  weight  of  a  niftss  of  water  equal 
in  volume  to  the  immersed  platinum.    But  if  this  expe- 
riment be  repeated,  ai^er  the  temperature  of  the  water 
has    been  changed,  the  weight  will  not  be  the  same; 
because  though  the  weight  of  an  equal  volume  of  fluid, 
it  has  undergone  a  change  in  its  density.     From   these 
duta  then  the  density  or  dilatation  of  iJie  water,  or  any 
othef  fluid,  may  be  deduced. 

X*et  V  be  the  volume  of  the  heavy  body  at  the  initial 
leaiperature,  P  the  loss  of  weight  by  immersion  in  the 
fitiid  at  that  temperature  ;  which  is,  in  fact,  the  weight 
of  a.  volume  V  of  the  fluid.  Let  the  temperature  be 
elevated  i  degrees,  and  then  let  F  be  the  loss  of  weight 
wfiich  the  body  sustains ;  this  will  similarly  be  the 
wei^rht  of  a  volume  of  fluid  equal  in  volume  to  the 
body.  But  the  metal  must  also  have  changed  its 
volume,  for  if  the  cubic  dilatation  of  its  substance  be 
B^,  its  volume  V  will  now  have  become  V  .  (I  -f  K  0; 
Mici  this  is  tlie  volume  of  liquid  which  has  for  its  weight 
P*.     Consequently  the  unit  of  weight  will  then  occupy 


*  voltirae  == 


V.(1+K0 
P' 


»  and  the  primitive  mass  of 


which  the  weight  was  P,  occupies  a  volume 
V,P.(1  +  K0 
"  P' 

But  this  changed  volume  is  expressed  by  V  (l-f  ^) 
continuing  I  for  the  cubic  dilatation  of  the  liquid  be- 
tween the  temperatures  employed. 

n^      vo  +  ^)  =  ^^^^-'^'^ 


aiid 


P-F        VlLi 


A  formula  analogous  to  that  obtained  for  the  process 
^  \ireighing  the  same  vessel  filled  at  different  tempera- 
tures. 
■      ^^4:7.)  Let  it  be  most  particularly  remembered,  that 
^   t^lie  preceding  formulas  investigated  from  Art.  32  to 
^^*^*  47,   and   applicable  to   solids,    liquids,  or  gases, 
proceed  upon  the  supposition  that  ^,  the  dilatation,  is 
^Uslantiy  the  same  for  similar  increments  of  terapera- 
Uir^^even  on  difierent  points  of  the  thermometinc  scale* 
'^Vvis  assumption  is  not  just,  except  in  the  case  of  gases 
or  vapours;  but  the  formula?  are  of  constant  utility  for 
Ending  the   values  of  I  at  diflereut  temperatures,  and 
iW  investigating  the  Increment  or  decrement  oi  abso- 


formula. 


lute  dilatation,  estimated  ai  diSerent  points  upon  the    Chap.  I. 
true  therraometric  scale,  Vs-^-s^.^^ 

(48.)  The  admission  made  in  the  last  article  of  the 
uniform  dilatation  of  elastic  fluids,  which  we  fotmd  upon 
the  researclies  of  M.  Gay  Lussac,  confirmed  by  Dulong 
and  Petit,  leaves  for  our  consideration  the  dilatation 
of  liquids  only,  with  the  very  desirable  object  before  us 
of  discovering  some  general  expression  which  may, 
under  certain  modifications  peculiar  to  each  liquid, 
express  the  absolute  dilatiition  corresponding  to  an^ 
increraenl  of  temperature  taken  upon  an^  pari  of  the 
thennometric  scale. 

The  most  satisfactory  attempt  upon  this  point  has 
been  made  by  M.  Biot,  who  has  constructed  an  empi- 
rical formula,  which,  compared  with  the  experiments  of 
De  Luc,  Blagden,  Gilpin,  and  Dal  ton,  presents  some 
very  good  approximate  results.  For  brevity  sake,  we 
are  compelled  here  to  exhibit  the  formula  only  ;  but 
this  is  the  less  to  be  regretted,  as  the  metliod  of  its  in* 
vestigation,  and  the  instances  selected  by  the  author  for 
its  application  are  rather  extensive,  and  cannot  h«?e 
justice  done  to  them  by  any  abridgement  which  we  can 
devise,  (see  6  h^  i,  p.  210.) 

In  this  formula,  5   =  at  -^-hi"*^  +  ci!*,  where  h.  is  Biot'* 
the  true  dilatation  for  the  unit  of  volume  counted  from 
the  temperature  of  melting  ice  to  the  temperature  £°  on 
the  thermometer,  and  «,  6,   c,  certain  constant  coeffi- 
cients which  depend  upon  the  nature  of  the  liquid. 

Expenmentai  researches  upon  the  Dilfitaiiom  of  Solids, 
Liquidjit  and  Ga^s. 

(49.)  In  speaking  of  the  measures  of  temperature  Absoluit 
by  the  themiometer  and  pyrometer,  we  have,  in  tact,  «*P»^b^"'**' 
adverted  to  the  researches  of  numerous  and  excellent 
experimentalists,  who  have  attempted  to  investigate  the 
absolute  law.s  of  the  dilatation  of  bodies.  Strongly 
recommending  the  original  memoirs  to  those  who  may 
wish  to  prosecute  such  inquiries,  we  can  only  now  re- 
serve the  results  which  they  obtained  to  be  thrown  into 
a  general  table  at  the  close  of  this  article,  and  proceed 
to  examine  at  greater  length,  though  frequentlv  with 
painful  brevity,  researches  made  l)y  equally  able  phi- 
losophers, who,  having  lived  at  a  subsequent  period, 
enjoyed  the  advantages  of  accumulated  and  recorded 
experience,  of  which  they  have  most  ably  availed  them- 
selves.  The  reterences  to  the  experiments  alluded  to 
will  be  found  at  the  end  of  this  section  ;  the  first  pause 
we  make  is  in  passing  the  name  of  De  Luc,  whose 
Bfchcrchcf^  sur  Ics  ModifieaUom  de  V Atmoifphert,  8^'c, 
appeared  at  Geneva  in  1772.  His  experiments  upon 
tlie  indications  of  thermometers  filled  with  several  sorts 
of  liquids,  enable  us  to  obtain  some  idea  of  the  relative 
expansions  of  these  fluids  in  glass.  The  complaints 
which  he  makes  of  a  bubble  tii^  air  appearing  after 
some  time  in  his  thermometers  of  oil,  which  he  attri- 
butes to  atmospheric  air  originally  lurking  in  the  pores 
of  the  fluid,  we  conceive  may  possibly  have  arisen  from 
an  actual  decomposition  of  a  minute  portion  of  the  oil, 
or  even  from  vapourisation  taking  place  to  a  slight 
extent,  though  at  a  comparatively  low  temperature.  (A\) 

(50.)  Sir  Charles  Blagden's  experiments  Imd  chiefly 
for  their  object  the  density  of  water  and  alcohol  at 
diflerent  temperatures.  Upon  the  experiments  of 
Gilpin,  Kirwan,  and  others.  Dr.  Thomas  Young  has 
founded  an  empirical  formula  for  the  dilatation  of 
water,  which   seems  of  coneiderable  practical  conve- 
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Heit,  •»  The  table  contains   the  mean  results  of  a  g^reat 

^  mimber  of  obsen'alions  made  by  this  process.  The 
first  column  contains  the  temperatures  as  deduced  from 
the  dilatation  of  air;  the  second  contains  the  mean 
absolute  dilatations  of  mercury  between  meltinnr  ice,  and 
each  of  the  temperatures  indicated  in  the  first  column. 
Lastly^  the  third  column  contains  the  temperature  which 
we  should  have  obtained  by  supposing^  the  dilatation 
of  mercury  uniform  ;  or,  in  other  words^  those  which  a 
mercurial  thermometer  would  have  shown,  had  it  been 
constmcted  in  some  substance,  the  expansion  of  which 
followed  the  same  law  with  its  own/* 

By  comparing  the  results  of  the  two  last  tables,  we 
readily  perceive  that  the  donbts  concerning  the  course 
of  the  mercurial  thennometer  are  not  without  tbunda* 
tion,  and  that  the  laws  of  dilatation  for  the  instrument 
it«elf»  and  for  the  liquid  contained  in  it,  are  materially 


different,— when  we  come  lo  estimate  a  great  inteirvJ    ^ 
of  temperature.     When   the    air   thermometer    would  H 
mark  W^^  upon  its  scale,  mercury  alone  would  indicate 
314^.15,  while  the  common  thermometer  would  point 
only  io  307^.64, 

(59.)    Upon  the  preceding-  data   our   authors  next 
endeavour  to  find  the  absolute  dilalaiion  of  any  solid; 
because  the  experimental  part  of  the  problem   resolves 
itself  into  the  ascertaining-  the  ditfcrence  of  dilatatioD 
between  the  solid  itself  and  mercury.     In  the  case  of 
g"lasSj  for  instance,  it  only  requires  io  find  the  apparent 
dilatation   of  mercury  when  in  glass.     This  is  a  ques- 
tion which    has   frequently   eng-aged  the   attention  of 
philosophers,  and  might  have  been  considered  as  alread^^ 
reduced  to   some  degree  of  certa.inty.     The  results  (^^ 
MM.  Dulong  and  Petit  are  again  presented  ill  atobul^^^ 
form.  ^^ 


lation  of  mix. 

Hra-Ti  appiretii 
dilalaiion  of 

tion  of  gtiot  in 
Toluint^ 

Temperature  de- 
dured  from  dilii- 

taliott  of  ^)<uf 
luppoicd  iinirofm. 

100* 

200 

300 

1                ' 
1 

fta.ia 

1 

100° 

213.2 
352.9 

The  values  of  apparent  dilalaiion  to  200^  and  300° 
as  expressed  in  this  table,  are  deduced  from  the  pre- 
ceding comparison  of  the  scales  of  the  mercurial  and 
air  thermometers.  The  two  first  columns  need  no 
explanation.  The  apparent  dilatation  of  mercury  in 
^lass  between  0°  and  lOO'^,  appears  rather  less  than  that 
assi^ed  by  MM.  Lavoisier  and  Laplace*  who  slate  it 
at  tt.Vtt-  The  third  colmnn  contains  the  dilatation  of 
glass  obtained  as  ahove  mentioned.  This  dilatation  is 
increasing,  but  from  0°  to  lUO'^  it  came  out  in  the 
value  before  assigned  by  MM.  Lavoisier  and  Laplace. 
Finally,  the  last  column  contains  the  degrees  which 
would  have  been  indicated  by  a  thermometer  formed  by 
a  bar  of  glass,  the  elongation  of  which  should  serve  for 
a  measure  of  temperature.  It  is  evident  from  the 
discrepancy  which  takes  place  in  reaching  a  temperature 
of  300*^,  how  far  the  dilatation  of  glass  is  from  being 
tiniform. 

It  IS  worth  stating,  that  no  variations  of  result  were 


obtained  in  these  experiments  when  made  with  ^mxx- 
mon  glass  tubes  from  different  manufaclories»  whatever 
were  their  calibre  or  the  thickness  of  the  glass. 

(60.)  We  must  again  refer  to  tlie  original  memc»trl^ 
for  the  elegant  process  by  which  the  dilatations  of  otlm^f^'. 
metals    may    be    estimated  and    compared,  giving',    ds*^ 
hefore,  the  table  of  results  for  iron,  copper,  and  platinuiHi 
the  metals  examined  by   our  authors.     The   following 
table  contains  the  mean  dilatations  of  these  three  metals, 
taken   at  first  between  0^  and  100%  and  then  between 
if  and  300**.     No  intermediate  degree  was  attempted, 
the  sole  object  being  lo  assign  Uie  direction  in  which 
the   ditferent  therm  ometric   scales  deviate   from  each 
other.     To  make  these  results  more  intelligible,  ther« 
is  appended  to  each  dilatation  the   temperature  whidi 
w  ould  be  deduced  from  it,  if  we  were  to  con-^ider  tlir 
expansion   of  the  substance  uniform.     Such,  in  short, 
are  Uie  temperatures  which  would  be  indicated  hy  ther- 
mometers constructed  with  each  of  these  substancp?*. 


Temperature 
dcdut-ed  trom  dilata- 
tion of  air. 

M»n  absolqte 
dilkttition  of 

Tennp«nifiire  whicK 
w^iuld  b*  indicated 
by  a    thermometer 
formed  of  ibor  of 
iron. 

diktmtioa  ^t 
copprr. 

Tempenture  which 
Will  lid  be  uidicatrd 
hy   «  thermit  meter 
rk>r[n«l  uf  K  htir  of 
copper. 

Mnn  ihinlute 

dildtatjnrt  of 
platiuuiu. 

I 

Temper 

wn,t1d 

by   «    , 

lufmrtli  M  •!    (mJ  ill   ! 

pUt'Hum.        1 

lOO*' 
30O 

1 

mm 

1 

100" 
372.6 

1 
iMtm 

1 

17700 

100" 
328.8 

I 

wm 

t 
aeaoo 

3lb6 

**  By  comparing  these  results  with  those  already 
obtained  for  glass,  we  find  that  the  dilatability  of 
solids,  as  referred  to  the  air  thermometer,  is  in- 
creasing, and  unequally  so  for  each  of  them.  This 
fact,  which  a  former  memoir  pointed  out,  is  thus 
amply  confinned, 

"  We  believe  ourselves  in  the  preceding  results  to 
have  attained  as  great  a  degree  of  precision  as  is  con- 
sistent with  measures  so  delicate ;  and  of  this  fact 
Eome  assurance  may  be  obtained  by  comparing   the 


numbers  here  given  for  the  dilatations  up  to  100".  wit^J 
those  that  have  been   published  by  MM,  Lavoisier  anC* 
Laplace.     One  remark  may  be  arlded,  that  in  thedirec"^ 
measure  of  the  dilatations  of  solids,  any  error  Is  triplecJ 
in  passing  from  the  linear  expansion  to  the  expansion 
of  volume*     Tlie  determinations  here    given  product 
the  latter  measure  at  once,  so  that  any  error  which  xsxf 
be  committed  is  not  multiplied/*  (y) 

(6L)  Upon  the  whole,  then,  we  seem  to  be  entitled  to 
conclude, 
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Hfat.  2,  The  heat  also  contracts  an  adjacent  portion  of 

'the  ^lass  where  it  does  not  exist  in  a  sensible  state. 

3,  The  heat  contracts  a  part  of  the  glass  where  it 
does  exist  in  a  sensible  state, 

4.  And  the  heat  expands  an  adjacent  portion  of  the 
glass  w^here  it  does  exist  in  a  sensible  state,  (ecj 
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§  2*  Fusion  and  Solidijicaiion. 

(65.)  So  fill  as  eilher  our  means  are  adequate  to  the 
experiment,  or  our  judgment  can  be  correctly  fpuided 
by  analofry  only,  we  are  led  to  suppose  that  it  may  be 
considered  aa  a  universal  law  of  nature,  that  by  a  suffi- 
cient elevation  of  temperature  every  substance  which 
is  originally  solid  might  be  reduced  to  the  fluid  state. 
It  is  true,  that  in  practice  we  fall  far  short  of  this  re- 
sult, partly  because  the  heat  which  we  can  produce  by 
iirtificia!  means  is  of  very  limited  extent,  and  partly 
from  other  properties  in  the  constitution  of  bodies  which 
interfere  with  such  a  consequence.  It  has,  however, 
been  found  that  every  increase  which  hai*  been  made  in 
our  powers  for  the  excitement  of  intense  heat»  w^hether 
by  the  pile  of  Volta»  or  by  the  gas  blowpipe,  has  placed 
various  substances  in  succession  under  the  operation  of 
this  law,  which  before  formed  practical  exceptions  to  it, 
and  it  can  scarcely  now  be  said  than  any  absolutely  in- 
fiisible  body  is  known  to  exist.  Among-  the  most 
infusible  are  some  of  those  bodies  which  the  present 
Btate  of  our  knowleclg;e  calls  simple  or  elementary ; 
such  are  carboi*,  m\i\  some  of  the  rarer  metals  ;  but  it 
frequently  happens  that  those  which  in  that  state  are 
thus  refractory,  become  easy  of  fusion  when  combined 
with  other  bodies.  Thus  pure  lime  is  far  more  dilTicult 
of  fusion  than  its  carbonate.     Those  interfering  pro- 


perties to  which  we  have  above  alluded  depend  genemlly    I 
upon  chemical  affinities,  by  which  it  happens  that  lon|f  ^ 
before  a  sufficient  degree  of  heat  can  be  applied,  some 
new  combination  is  formed  upon  the  subversion  uf  the 
orig'inai  one.     In  plain  terms,  many  substances  bum 
before  they  melt.     This   forms   no   exception   to  the 
general   tendency  of  the  law.     There  is,  however,  an 
exception  of  this  sort,  that  some  substances  when  acted 
upon  by  beat  proceed  per  saitum.     Thus  arsenic  when 
heated    does    not   liquefy  but   passes   at    once  to   the 
aeriform  state.    Not  so  ice,  or  frozen  mercury,  for  these 
bodies  first  bquefy,  and  tlien  at  a  subsequent  period  oC 
temperature  are  vapouriscd.     In  speaking  of  the  fusio^ 
point  of  bodies,  we  must  bear  in  mind  the  comparati?^. 
nature  of  our  scale  and  our  terms ;  we  are,  in  fact,  on^w 
talking  of  what  happens  to  us  experimentalists  livic%^  , 
in  a  world  of  a  certain  mean  temperature;    and  it  *^^ 
quires  no  great  stretch  of  our  imagination  to  concelv* 
two  worlds,  the  mean  temperatures  of  which  expres^^^j 
even    on  our  own  tliermometric  scale  should  be  sucii, 
that  in  the  one  every  substance  we  now  know  as  a  fluj(J 
should  be  a  solid  ;    while  in  the  other  every  solid  wc 
find  around  us  should  exist  in  the  tluid  stale.  1 

In   some  cases  the  passage  of  a  solid  into  the  fluid      I 
state,  upon  the  application  of  heat,  is  made  immediftteJjr 
without  any  intermediate  process  of  softening;  such 
is  the  fusion   of  ice,  frozen   mercury,  and  some  of  the 
metals;  and  it  has  been  well  remarked,  tliat   this  pro- 
cess chiefly  holds  with  these  bodies,  which  in  coogela* 
tion  affect  a   crystalline    structure.     Other  bodies,  on 
the  contrary^  seem  to   change  gradually  from  boIkI  lo 
liquid ^  passing   through    every  intermediate   degree  of 
cohesion  ;    but  still  it  seems  an  established  fact,  that 
the  temperature  of  iluidity  is  constimt  for  each  indifi- 
dual    substance.     Ill  is    point,  with    reference  to  mBBf 
substances,    is   exhibited    in   the  general  table  of  tlrt 
effects  of  heat,  No.  4,  Appendix. 

(66.)  The  complete  explanation  of  the  state  dlf 
fluidity,  with  reference  to  the  general  physical  luwsflf 
matter,  is  not  so  easy  a  task  as  might  at  first  be  sup- 
posed. It  has  long  been  stated,  that  fluidity  depends 
upon  the  effect  of  caloric,  which  first  expands  bodies 
that  is  to  suy,  removes  their  integrant  molecules  to » 
greater  distance  from  each  other,  until  at  lengtfi  the 
power  of  cobesion  being  overcome,  perfect  mobility 
among  the  molecules  brings  the  substance  under  (lie 
laws  and  definition  of  a  fluid.  Doubtless  the  cflcctof 
caloric  is  the  great  force  opposed  to,  and  frequtntfjf 
overcoming  cohesion  ;  but  Professor  Robison  has  Ufg*<i 
that  this  explanation  is  lot  adequate  to  all  the  circum- 
stances  of  the  case.  For  it  does  not  account  forlhi* 
fact,  that  many  crj'stalline  solids  actually  contract  tath« 
process  of  fusion,  which  is  quite  at  variance  with  tii* 
hypothesis.  He  remarks  also,  that  **  to  explain  tbt 
mobility  of  a  fluid,  or  the  facility  with  which  its  part* 
are  separated,  it  is  necessary  to  suppose  only  thattltf 
action  of  its  particles,  whatever  it  may  be,  is  eqtiai  itt 
every  direction  at  the  same  distance  ;  as,  if  this  eqiuil'^y 
exists,  no  force  can  be  required  to  move  aa  adjifiiB^ 
particle  from  one  situation  to  another;  nor  anytoi 
required  to  keep  the  particle  in  its  new  situation,  witH 
regard  to  the  rest  of  the  fluid.  And  still  the  attmctifl* 
exerted  bet^veeu  tlie  particles,  provided  it  be  equal,  laij 
be  strong.  On  the  other  hand,  in  a  solid,  the  partides 
must  attract,  more  strongly  in  one  direction  than  \t 
anotber;  hence  a  particular  situation  of  each  partidt 
must  be  assumed,  and  a  force,  more  or  less  freat| 
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HeRi,  cold,  the  weakest  part  freezes,  while  a  strong-er  portion 
remains  liquid  ;  so  that  by  the  Qctioii  of  cold  they  are 
separated  into  two  portions  diffeniig-  very  much  in 
streng-th.  But  when  they  are  very  much  diluted  the 
whole  mixture  underg^oes  congelation  ;  and  in  that  case 
it  appears  that  the  freezing"  point  of  water  is  lowered 
hy  mixing  it  with  acid  rather  in  a  greater  ratio  than  the 
increase  of  the  acid.  The  following  tatde  exhihits  the 
freezing  point  of  mixtures  of  various  weights  of  sul- 
phuric acid,  of  the  density  1.937,  temperature  62^,  and 
of  nitric  acid  of  the  density  1.454,  with  100  parts  of 
water : 


Sulphuric  acid. 

Proportion  Fy«r»itif 

Qf«dd.  point. 

10 24.5 

20 ,,A2,b 

25 7.& 


Nitric  acid- 

Frofk^rtion  ¥ntt.ni$ 

of  arid.  ptiitit, 

10.. 22 

20... 10.5 

38.4 7  (e.) 


**  T>ie  concentrated  acids  themselves  undergo  con- 
gielation  when  exposed  to  a  sufficient  deg^ree  of  cold  ; 
but  each  of  them  has  a  particular  strength  at  which  it 
congeals  most  readily.  When  either  strong'er  or 
weaker  the  cold  must  be  increased.  The  following^ 
table,  calculated  hy  Mr.  Cavendish  from  Mr.  MacnaVs 
experiments,  exhibits  the  freezing  points  of  nitric  acid 
of  various  degrees  of  strength.  The  strength  being- 
indicated  by  the  quantity  of  marble  necessarj*  to  saturate 
1000  parts  of  the  acid.'((f.) 


Streoi^tb. 

Freezing  point. 

Difference. 

bSB  . .  . . 

....   ^  45.5 

,.   +  15.4 

&38  . .  . . 

—  30.1 

..    +  12 

508  , . . . 

....   -  18.1 

..    +     8.7 

478  ... . 

-    9.4 

..   ^     5.3 

448  ... . 

....   —    4.1  .,--.. 

..   +     1.7 

418..,. 

....  -    2.4 

..  —     1.8 

388  ... . 

,...--    4.2 

.  .    —     5.5 

358  ... . 

-    9.7 

..  —    8.0 

328  ... . 

....   -  17.7 

.-   -  10.0 

208  .... 

-  27.7  

**  T!ie  following  table  exhibits  the  freezing  points  of 
sulphuric  acid  of  various  strengths,  (e.) 


Strength. 

Freezing  point 

977  .... 

...     +   1 

918  .... 

. .  ,    -26 

846  .... 

....    +  42 

758  .... 

....    -  45 

**  Mr,  Keir  had  previously  ascertained  that  sulphuric 
acid  S.  G.  1.78  at  60°  freezes  raost  easily,  requiring 
©nly  the  temperature  of  46"^.  This  a^ees  nearly  with 
the  preceding'  experiments^  as  Mr,  Cavendish  informs 
us,  that  sulphuric  acid  of  that  S.  G.  is  of  the  strength 
848,  From  the  preceding-  table  we  see,  that  besides 
this  strength  of  easiest  freezings,  suljihiu-ic  acid  has 
another  point  of  contrary  flexure  at  a  superior  streng-th ; 
beyond  this,  if  the  strength  be  increased,  the  cold 
necessary  to  produce  congelation  begins  a^in  to 
diminish."  (/.) 

{69.)  The  tables  exhibiting  the  point  of  vapourisation 
of  fluids,  may  also  be  resorted  to  for  the  purpose  of 
ascertaining'  the  point  at  which  those  vapours,  upon  a 
reduction  of  temperature,  pass  to  the  liquid  state.  The 
fusing  points  of  metals,  &c.,  Table  4,  are  of  course  also 
their  temperatures  of  solidification  upon  the  scale  of 
descend iBg  temperalure. 


With  reg-ard  to  the  g-ases,  which  have  been  ci 
permanently  elastic  fluids,  merely  with  reference  tol 
ordinary'  temperatures,  recent  experiments  confirm 
supposition  of  their  following'  the  g"eneral  law,  \ 
assuming"  the  liquid  form  upon  a  sufficient  reducti^ 
temperature.  The  great  heat  which  tliey  give  out  ^ 
viident  condensation,  renders  it  probable  Uiat  f 
aeriform  state  is  in  a  great  measure  dependent  | 
caloric.  The  only  one  of  these  fluids,  however,  ^ 
has  been  liquefied  by  cold  alone,  is  ammoniacal  | 
which,  according^  to  Guyton,  assumes  the  liquid  I 
at  54"  Fahrenheit.  ! 

For  the  cong'ealinn;  point  of  some  other  Hquidsj 
the  General  Table  Appendix,  No.  4.  j 

Reterences.  (a)  Bbg^den,  PhiL  Tram.,  1788,  p.! 
(b)  Ibid.,  p.  277.  (t)  Ibid.,  p.  308.  {(l)  Cavcnd 
Phii.  Tram,,  1788,  p.  174,  (e)  Ibid.,  p.  181.  ' 
Thomson,  Chemistry ^  i.  p.  51.  ! 

§  3.  Vapouri$ation. 

In  this  section  we  shall  consider  Evaporation  j 
true  Fapouritation  of  fluids  at  their  boiling-  point. 

(70.)  By  the  application  of  heat»  a  very  considen) 
number  of  bodies,  both  solid  and  liquid,  may 
verted  into  the  form  of  gaseous  matter;  and 
as  that  elevation  of  temperature  continues,  the 
an  elastic  fluid  is  retained.  It  is  clearly  proved  thd 
this  state  they  are  liquids  in  combination  with  calq 
by  which  chang-e  a  new  order  of  properties  is  inipre^ 
upon  them.  Of  this  action  common  steam  or  t 
vapour  of  mercurj'  are  examples.  ^ 

But  in  all  such  cases  a  depression  of  teraperal 
causes  the  elastic  fluid  ag^ain  to  assume  the  liouil 
solid  form  from  which  it  origrinally  set  out.  1 

It  has  been  usual  to  divide  elastic  fluids  into  pM 
nent  gmeJi  and  vapours,  the  former  being  known  onM 
the  aeriform  state,  except  in  combination,  Ammoj 
however,  it  has  long  been  knoivn,  mig-ht  be  redocdl 
the  liquid  form  by  a  sufltcicnt  depression  of  temperal^ 
and  Mr.  Faraday  lias  recently  shown,  that  by 
g-ag-ing  several  of  the  gases  from  their  state  of 
nation,  under  such  pressure  that  the  elastic  fonn 
never  be  assumed,  they  might  be  exhibited  as  liqui 

On  the  whole  there  is  every  reason  to  conclude  ff 
analogy,  that  every  solid  in  nature  might  be  **  mej 
with  fervent  heat,'*  and  by  a  further  accession  of  ij 
perature  pass  to  the  state  of  an  elastic  fluid.  And 
same  suppositions  would  lead  us  to  think,  that 
which  we  now  know  in  the  gaseous  and  liquid  SJ 
might  by  a  sufficient  cold  be  reduced  to  the  solid 
By  hunian  meuns  it  is  hardly  probable  that  eithi 
these  results  should  be  obtained, 

(71.)    The    essential    distinction  between  gat 
vapour  may  be  thus  stated  : 

A  gm  is  not  reducible  to  the  liquid  state  by 
tainable  pressure  alone ;    is  therefore  capable  of 
finite  condensation ;    and,  under  such    circumi 
the  volume  is  always  inversely  as  the  pressure, 

A  vapour  of  a  |{iven    substance    can  contaia 
some  definite  quantity  of  that  substance  within  a  ^ 
volume,  which  quantity  varies  with  the  temperature^ 

Thus,  comparing  a  given  space  filled  with  gas,! 
another  saturated  with  vapour,  at  a  given  temperan 
if  we  suppose  that  space  to  be  diminished,  thej 
will  be  compressed,  and  its  elastic  force  or  rt*^^ 
will  be  increased  ;   but  the  vapour  will  be  partly  I 
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f.  temperature.  When  these  dustic  fluids  arc  eicpoRcd  to 
*«■»*  heat,  unconnected  with  the  liqiiidn  from  which  ihey  are 
produced,  they  underg-o  precisely  the  same  increase  of 
bulk  as  air  or  p;as  docs,  when  subjected  to  a  similar 
chzka^e  c»f  temperature.  But  when  the  elastic  fluid  is 
in  contact  w  ith  the  liquid  from  which  it  was  produced, 
the  specific  gravity  of  the  vapours  increase  wilh  ttie 
elasticity.  From  the  experiments  of  Mr.  Sharpe  (h) 
and  Mr.  Southern  (c)  it  would  appear  that  the  increase 
of  specific  f^^ravity  is  proportional  to  the  elasticity.  On 
the  supposition  that  this  is  actually  I  he  case,  the  ful- 
lowin|r  table  fifive;^  us  the  specific  gravity  of  steam  at 
I         different   temperatures,  when  in   contact  with   the  hot 

I  water  from  which  it  was  generated. 
Tenipwuture.                                                  S.  G.  of  itteam. 
212     .                                    0.4545 
I          «50.3 . ,  0.9090 

293.4. 1.8180 
343.6 ...,,.    3.6360 
Ifliere  the  Bpecific  gravity  of  air  at  60*^  is   reckoned 
mity.*'  Thomson. 
C76,)  A  simple   dlustration   will  show  the  propriety 
of  a  division,  which  we  shall   follow  M,  Biot  in  mtro- 
:        dueing  at  this  point  of  our  subject.     Its  object  is  to 
I       «bow,   the  necessity   of  considering    the    elasticity    of 
pune  vapours  apart  fi-om  the  same  property,  when  they 
i      are  tnixed  M'ith  atmo«ipheric  air.      Fig.  16  represents  a 
comonon  condenser  gage,  formed  of  a   bent  tube,  open 
Bt  one  end   and   cloyed  at   the   other,  containing  some 
mercTiry,     Moisten  the  interior  of  the  tube  with  water, 
Bnd   observe  the  tension  ;    then  place  the  instrument  in 
warm  water  of  known  temperature^  and  again  observe 
tile  t«?mion;  it  will  be  seen  that   the  depression  of  the 
ni€ro\iry  in  the  sealed  end  is  greater  than  it  would  have 
^r^   by  an  equal  increment  of  temperature,  when  filled 
^tH   dry  air  or  gas  only*     ilence,  elastic  vapours  mined 
witH    aif  add  lo  its  elastic  force.     Again*  if  we  take  a 
cotnrnon  test  tube,  and   contrive   to  (ill   it  with  aomh 
vaf»o\ir,  (pennanently  so,  at  the  temperature  and  pres- 
5*^*^  nnder  which  we  make  the  experiment,)  and  having 
pkc^d  the  open  end  of  the  test  lube  on  the  surface  of 
wc     mercurial  bath  ;   if  we  gradually  sink  the  lube  per- 
P*^«licularly  in  the  tluid,  we  ol>*iene   that  the   mercury 
IS  riot  depressed,  but  retains  the  same  level  both  within 
"*^   ivithout  the  tube.     This  we  know  would  not  be  the 
^^  with  air  or  gas,  hut  is  here   efccled  by  a  portion 
°*    ^he  vapour  being  reduced  to  the  fluid   slate,  so  that 
^'^^^  remains  in  the  test  tube  has  the  same  density  and 
*'^»^tic  force  as  at  first.     The  experiment  may  be  con- 
'*^*«d  until  all  the  vapour  is  condensed. 
-*^  will  tend  to  simplification  then  if  we  first  consider, 

The  elastic  force  of  ptire  vapours  in  vacuo. 

.     C^'JS.)  The  earliest  scientific  publication  that  entered 

?^^^  this  question   minutelVt  was  given  by    Professor 

r^fcison,  in   the  EncifcloptEdia^  article  Steam,  and  has 

^^»i  republi.shed  in  the  collection  of  his  philosophical 

**^ lings  by   Dr.  Brewster,   (if.)     It   was  known   also, 

*J*«*^t  similar   researches  had   been   made  by  Mr,  Walt, 

^^^^t.  they  were  not   made  public  at  the  time,  and   the 

^^^*iparatively  recent  publication  just  mentioned,  is,  we 

'^^tiere,  the  only  place  in  which  any  account  of  them 

^'^  be  found*  (<r.) 

log  F^  =  log  30  -  0.01537419550  n  - 

'^nd  the  same  notation  reduced  to  Fahrenheit's  scale 

log  F-=  L4771213  —  0.00854121972/ 
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(80.)  At  length  our  distinguished  countrjman,  Dal-  Chrtp.  L 
ton,  published  a  most  valuable  series  of  experiments  ^— ^^.'-^- 
on  this  subject  in  1802.  (/)  They  extend  up  to  the 
boiling  point  of  water  only,  but  he  has  attempted  to 
continue  the  law  much  higher  by  cakulalion*  Southem^s 
experiments  on  the  same  suhjccl  were  made  under  the 
direction  of  Mr.  Watt  in  1803,  but  not  published  till 
some  years  after.  Another  scries  at  Paris  by  M.  Betan- 
court,  of  wiiich  we  have  only  seen  the  results.  (A.) 
!Some  confirmations  of  Dalton*s  experiments  were  ob- 
tained by  MM.  Biot  and  Bcrlhollet  Jun.  (*.)  And 
lastly,  an  interesting  jKiper  by  Dr.  Ure  in  the  PhU. 
Tram,  for  1818,  (i\)  Such  are  the  sources  from  which 
the  following  abstract  will  proceed.  A  general  tabular 
view  of  all  their  results  will  be  given  in  the  Appendix 
from  lliomson^s  Chemistry.  No.  5. 

Mr.  Dalkm*s  process  has  the  merit  of  great  simpli- 
city* He  made  use  of  a  gradusited  barometer  tube 
filled  with  mercury  as  usual,  and  carefully  deprived  of 
air  by  boiling.  While  the  tube  remains  with  the  open 
end  upwards,  and  nearly  filled  with  mercury,  the 
remaining  space  is  to  be  occupied  with  water,  or  other 
fluid  to  be  examined.  The  tube  is  then  to  be  reversed, 
so  that  the  liquid  may  moisten  the  interior,  and  by 
raising  the  open  end  of  the  tube  again,  more  mercury 
may  be  poured  in  so  as  to  fill  the  tube  entirely.  On 
raising  this  lube  vertically,  the  mercurj'  will  sink,  as 
in  the  common  barometer,  but  the  depression  will  be 
greater ;  tor  the  altitude  of  the  mercurial  column  wnll  be 
equal  to  the  altitude  of  the  mercurj'  in  a  barometer, 
minus  the  depression  due  to  the  elasticity  of  the  vapour 
produced  within  the  tube  by  the  liquid.  All  the  liquid 
in  excess  which  does  not  pass  into  vapour,  will  form  a 
small  stratum  at  the  lop  of  ihe  mercurial  column. 
Hence,  for  that  fluid  and  at  that  temperature,  the  elastic 
force  of  the  vapour  is  known  ;  and  by  contriving  to 
surround  that  portion  of  the  barometer  lube  which 
contains  the  vapour  with  hot  water,  the  elastic  force  at 
oilier  temperatures  was  determined.  By  this  process 
may  be  measured  alJ  degrees  of  elastic  force  inferior  to 
that  produced  by  the  common  atmospheric  pressure  ; 
but  for  higher  temperatures  and  greater  pressures,  the 
barometer  tube  was  bent  into  the  form  of  a  syphon,  and 
the  fluid  with  its  vapour  being  confined  in  the  shorter 
tube,  its  elastic  force  was  measured  by  the  length  of 
the  column  of  mercury,  which  it  would  support  in  the 
longer  tube,  at  the  temperature  of  each  experiment, 

buch  is  a  very  brief  notice  of  the  method  of  Mr. 
Dal  ton' 9  experiments,  the   results  may   be   seen  in  the 
table.     M.  Biot  has  attempted  to  deduce  fi-om  them  an  Bioi's 
empirical   formula,  to   express  the  elastic  force  of  the  ^^r\mh. 
vapour  of  water  at  all    temperatures.      He  considers 
that  it  may  be  of  the  form 

log  F^  =  log  3Q  +  a7i  -h  b  ««  +  e  n* 
where  F  is  the  force,  n  the  thermometric  degrees,  and 
ff,  &,  c,  constant  coefficients  relating  to  the  fluid  em- 
ployed :  and  that  it  is  not  necessary  to  go  beyond  the 
third  power  of  n,  from  the  extreme  smallness  of  the 
coeflicient.  The  formula  with  these  coefticients  inserted 
as  deduced  fi'om  Daiton's  experiments,  where  n  relates 
to  centigrade  degrees,  counted  from  the  boiling  point  ; 
those  descending  on  the  scale  being  culled  plusj  and 
those  ascending  minus. 

0.00006742735  n^  -^  0.00000003381  n» 
becomes 

-  0.00002081091 /»  +  0.00000000580/^ 
2  1, 
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Heat,  elastic  force  of  the  fluid  at  a  given  temperature  is  in- 
— ^^-^i'  verse!y  proportional  to  the  volume  which  it  occupies. 
Hence  if»  at  a  g-iven  temperature,  we  reduce  two  cubic 
feet  of  a  g^s  which  supported  a  pressure  of  30  inches 
of  mercury  to  a  volume  of  one  cubic  foot,  the  elasticity 
will  be  double,  that  is  to  say  equal  lo  60  inches  of 
mercury.  Here,  then,  the  elasticity  of  the  one  is  added 
to  the  elasticity  of  the  other ;  and  this  rule  is  general 
for  all  mixtures  of  dry  gases. 

{9L)  But  further,  the  law  extends  to  mixtures  of 
vapours  with  each  other,  and  of  vapours  willi  g^ascs  ; 
provided  that  no  ehemicai  action  take  place  between 
any  of  the  substances  employed.  Hence  this  g-eneral 
proposition,  that  in  a  mixture  of  elastic  fluids,  of 
whatsoever  kind,  having  any  number  of  sych  flnids 
which  each  separately  sustain  pressures  ofp,  p\  jf\  &c- 
respectively,  if  we  take  a  volume  V  of  each,  and  add 
them  together  in  a  vessel  of  the  same  capacity  V,  the 
elastic  force  of  the  mix  tit  re  will  be  the  sum  of  the 
individual  elastic  forces,  that  is  to  say  it  will  equul 
JO  +  /+  y'+  &c. 

Should  the  vapours  in  such  cases  be  in  a  state  of 
saturation  for  that  given  temperature,  and  should  the 
volume  V  be  diminished  by  compression,  they  each 
follow  the  law  of  their  nature,  and  some  portion  is 
condensed ;  so  that  the  exact  saturation,  density,  and 
elastic  Ibrce  due  to  that  temperature  are  maintained. 

But,  on  the  other  hand,  should  the  volume  V  be  in- 
creased, if  the  vapours  be  in  contact  with  the  liquids 
from  which  they  are  formed,  more  vapour  will  rise  to 
reproduce  the  constant  elastic  force,  &c,  due  to  the 
temperature.  And  if  the  vapours  be  not  so  in  contact 
with  fluids,  they  then  sufier  dilatation  by  the  increase  of 
volume  like  gases,  and  their  elastic  force  decreases 
according  to  the  general  law. 

And  in  all  these  cases  the  air  or  gases  must  each 
proceed  according  to  that  law  ;  their  elasticity  being 
in  proportion  to  their  volume,  provided  the  temperature 
remain  constant  during  the  e.\periment. 

These  propositions  admit  of  elegant  experimental  de- 
monstration, and  all  depend  upon  properties  developed 
in  Mr.  Dalton's  papers  on  these  subjects.  (pO 

(92.)  If  a  liquid  be  placed  in  a  vacuum  of  given 
capacity,  or  in  a  vessel  of  the  same  capacity  filled  with 
dry  air  or  gas,  vapour  is  produced  in  both  cases,  with 
this  diSerence  only,  that  in  the  former  it  is  developed 
to  the  maximum  extent  instantly,  hut  in  the  latter  it 
requires  some  little  time  to  produce  saturation.  In 
both  cases  the  quantities  supplied  to  a  given  space, 
and  at  a  given  temperature,  are  the  same  ;  as  that 
quantity  depends  on  temperature  only.  It  would  ap- 
pear as  if  air  produced  some  mechanical  ref^istance 
to  tlie  ascent  of  vapour,  from  the  absolute  inertia  of  its 
molecules. 

Evaporation  (93.)  The  process  of  evaporation  cannot,  in  a  strict 
philosophical  view  of  the  question,  differ  from  vapouri- 
sation ;  for  both  depend  upon  the  same  physical  laws. 
The  former  is,  in  fact,  a  particular  case  of  tbe  latter ; 
in  it  atmospheric  air  is  always  supposed  present,  and 
the  operation  may  comprise  one  or  more  fluids. 

It  has  been  a  matter  of  discussion,  whether  the  phe- 
nomenon of  evaporation  were  produced  by  a  chemical 
affinity  between  the  molecules  of  air  and  the  molecules 
of  the  liquid  evaporated.     The  experiments  of  Saus- 


I 


sure,  De  Luc,  and  Dalton^  enable  us,  however,  to  ac-  C 
count  for  all  the  phenomena  that  take  place,  without  "^^ 
having  recourse  to  such  a  supposition. 

(94.)  We  may  view  the  atmosphere  at  any  given 
place,  in  the  light  of  a  mass  of  air  in  contact  with  a 
mass  of  fluid;  let  the  temperature  of  both  be  the  same, 
and  the  exposed  surface  of  the  fluid,  water  for  instance, 
is  all  we  need  consider ;  then,  as  from  meteorological 
causes  which  do  not  now  concern  us,  the  atmosphere 
has  always  some  aqueous  vapour  in  it,  let  us  trace  this 
in  different  circumstances.  The  elasticity  of  vapour 
depends,  as  w^e  have  already  seen,  upon  its  temperature; 
now  if  we  suppose  the  atmosphere  at  a  given  tempe- 
rature saturated  with  moisture,  it  is  evident  that  any 
depression  of  temperature  will  produce  the  condensa- 
tion of  a  portion  of  the  vapour,  which  must  return  to 
the  liquid  state* 

But  in  the  most  common  state  of  the  atmosphere 
saturation  does  not  exist ;  still,  as  it  is  never  without 
the  presence  of  some  aqueous  vapour,  if  we  gradually 
reduce  the  temperature  of  atmospheric  air,  we  shall  at 
length  arrive  at  that  temperature  which  exactly  cor- 
responds to  the  elasticity  of  the  atmospheric  vapour ; 
and  if  we  continue  the  reduction,  we  produce  the  con- 
densation of  vapour  in  the  form  of  dew  ;  thus  arriving 
at  the  former  case. 

(95;)  Hence  arises  a  useful  meteorological  problem. 
Having  given  the  temperature  of  the  atmosphere,  and*' 
the  reduction  which  must  he  made  in  that  temperature 
to  produce  the  deposition  of  moisture,  it  is  required 
to  find  the  elasticity  of  the  aqueous  vapour  in  the  air 
originally?  This  question  Mr,  Dalton*s  researches 
have  enabled  us  to  solve,  as  we  shall  perceive  here- 
after. ((?.) 

(96.)  We  have  remarked  that  saturation  does  not 
usually  exist  in  the  atmosphere,  and  hence  if  those 
liquids,  water,  alcohol,  ether,  &c.  which  easily  pass 
into  the  state  of  vapour  (or  as  w^e  say,  mith  refcrenct  to 
our  common  temperatures^  undergo  spontaneous  evapo- 
ration) he  exposed,  they  will  constandy  emit  vapour 
from  their  surface.  Hence,  in  such  a  state  of  the 
atmosphere,  an  exposed  surface  of  w  ater  at  the  same 
temperature  as  the  air,  is  constantly  undergoing  evapo- 
ration. Among  other  circumstances  producing  an  in- 
fluence upon  that  operation,  is  the  motion  of  the  air 
from  winds  or  other  causes  constantly  removing  the 
vapour  already  formed  from  tlie  surface  of  the  water, 
and  thus  accelerating  the  evaporation ;  for  the  present^ 
however,  we  consider  the  case  of  air  in  a  quiescent 
state. 

Thus  the  most  general  problem  for  solution  is,  to 
detennine  the  rate  of  evaporation  within  a  mass  of  air, 
supposed  of  indefinite  extent ;  knowing  the  quantity  of 
vapour  already  contained  in  it,  and  the  quantity  which 
produces  saturation  at  the  temperature  of  the  expe- 
riments 

(97.)  Mr.  Dalton  first  endeavours  to  estimate  the 
rate  of  evaporation  in  water  under  a  calm  state  of  the 
atmosphere,  and  at  the  boiling  point.  For  this  purpose 
he  suspended  a  small  cylindrical  vessel  of  tin  by  three 
wires.  This  vessel  contained  water,  and  was  2^  inches 
in  diameter.  The  surface  thus  exposed  may  be  con- 
sidered infinitely  small,  when  compared  with  the  whole 
extent  of  the  atmosphere ;  so  that  the  total  quantity 
of  the  liquid  evaporated  may  be  considered  as  propor- 
tional to  the  area  of  that  surface,  all  other  circumstances 
being  the  same.     The  wire  support  served  to  hold  the 
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Vessel  over  a  lump,  or  small  fire,  so  as  to  produce  cbul- 
^*  htion  ;    and  also  to  han^  it  to  the  end  of  a  scale  beam 
in   order  to  ascertain  the  losa  of  weight  sustained  by 
Wiling^* 

The  water  is  firnt  made  to  boil,  the  vessel  is  then  re- 
moved and  weighed,  and  then  again  boiled  for  a  eerUtin 
aansber  of  minutes  measured    by  a   slop- watch »    then 
again  removed  and  weighed.    The  total  loss  in  grainn, 
divided  by  the  number  of  minutes,  gives  the   loss  per 
minute  in  grains    also.     In   experiments  of  this  sort 
extreme  rigour  would  require  that  the  atmosphere  should 
always  contain  naturally  the  same  quantity  of  vapour, 
that  the  results  obtained  at  ditferenl  times  might  be 
camparable ;    or,  at  least,  that  the  humidity  should  be 
estimated  and  taken  into  the   account   by  calculations. 
But  since  the  proportion  of  vapour  exi^^ling  naturally 
in  the  air  is  ver\^  small,  and,  consequently,  has  but  a 
feeble  degree  of' elastic  force,  compared   with   that   of 
l>oiHng  water,    it    follows    that    it    can  have   only   an 
almost    imperceptible   iutlueuce  upon   the  results  ob- 
t&lDed  at  high  temperatures,  so  that  at  least  as  a  first 
Approximation  this  point  may  be  neglected. 

The  stillness  of  the  atmosphere  in  which  the  expert- 
fnent  is  made,  seems  a  much  more  important  conside- 
ration ;  for  the  rate  of  evaporation  in  a  perfectly  quiet 
Toom  was  found   by  Mr.  Dal  ton    to  be  only  two*  thirds 
of  what  it  was  in  the  strongest  draught  be  could  obtain 
\ti  a  house. 

Mr,  Dalton^s  experiments,  extending  from  the  boiling 
point  down  to  138"^  Fahrenheit,  are  given  in  the 
following  table,  to  which  the  con-e.«;ponding  elasticities 
trc  affixed : 


TfmperBtMre 
in  drune*-!  of 
FahTtinhrit. 

E1»tir  fone 
or  trapoar  \n 

EvDprtrKtiii^n 

212^ 

30,00 

30 

180 

15.15 

15 

164 

10.41 

10 

152 

7.81 

8.5 

144 

6.37 

e 

1S8 

5.44 

5 

FVom  this  table  we  perceive  that  the  quantity  of 
*^aporalion  at  each  temperature  is  proportional  to  the 
*l^siic  force  of  the  vapour  which  is  forming.  Such  a 
^^^h  mi|rhl  well  be  expected  in  the  case  of  air  perfectly 
^*Tojd  of  vapour  at  first ;  but  it  is  reasonable  to  suppose 
*'^''l  the  initial  vapour  in  the  atmosphere  ought  to 
^^\f^  the  process  of  evaporation ;  and  such  is,  in 
^^K  tJie  case  ;  but  its  influence  is  not  perceptible  in 
'^P«Tinents  like  those  now  related,  because  the  elastic 
'Ofces  of  the  vapours  evolved  are  very  g^at  in  com  pa- 
"*tin  with  that  of  the  vapour  naturally  existent  in  the 
*UTio«phere ;  and  the  more  so,  as  Dal  ton  undertook 
^be*e  researches  at  low  atmospheric  temf)eratures»  when 
"**wr  must  have  contained  but  little  moisture. 

ilii»  circumstance  must,  however,  not  be  overlooked 
'^  calculating  the  phenomena  of  evaporation  for  tem- 
P^lures  below  those  of  the  above  table.  Suppose, 
fr'f  instance,  that  we  wished  to  apply  the  same  law  at 
*he  lemperature  of  60^  Fahrenheit,  where  the  tension 
of  vapour,  if  at  its  maximum,  would  be  only  about  ,v 
of  that  at  ebullition  j  and  if,  by  chance,  at  the  time  of 
tiW  experiment  the  atmosphere  were  at  the  sajne  tempe- 


rature,  and   saturated  witli  momllire,  trie  quantity  of    Chap, 
evaporation  would  be  by  no  means  ,v  *>f  that  corres-  — — ^z^- 
pondjng  to  the  temperature  of  ebullition,  as  the  ratio, 
according  to  the  elastic  force,  might  indicate  ;  for,  in 
fact,  it  would  be  nothing, 

(98.)  To  estimate  the  influence  of  the  humidity  of 
the  atmosphere,  Dalton  endeavoured  to  obtain  a  method 
for  measuring  the  quantity  of  vapour  existing  in  it  at 
the  time  of  the  experiment-  This  he  performed  by 
pouring  into  a  cylindrical  glass  some  water  at  different 
temperatures,  in  succession,  all  below  that  of  the  atmos- 
phere ;  by  which  he  learned  the  exact  degree  of  the 
thermometer,  at  which  tlie  humidity  of  the  atmosphere 
began  to  be  deposited  as  dew  upon  the  exterior  of  the 
glass  vessel*  Having  obtained  that  temperature,  he 
calculated  the  elastic  force  of  the  vapour  corresponding 
to  it ;  and  this  force  being  reduced  again  to  that  due  to 
the  atmospheric  temperature  at  the  time,  by  the  common 
law  for  gaseous  dilatation,  gave  precisely  the  elasticity 
of  the  aqueous  vapour  in  the  air  originally. 

For  example,  let  the  temperature  at  which  dew  is 
deposited  t>e  ^,  where  the  original  temperature  of  the 
atmosphere  was  t ;  and  let  ^'  be  tlie  force  of  vapour 
corresponding  to  temperature  t\  as  given  in  the  tables, 
that  is  to  say  the  force  to  which  the  vapour  in  the  air  is 
reduced  by  refrigeration ;  then  we  iiave  but  to  dilate  this 
quantity  *p'  as  a  gas,  to  obtain  the  true  tension/''  of  the 
vapour  in  the  air  originally. 


/'  =  0' 
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Wliere  t  is  reckoned  in  degrees  of  Fahrenheit. 

hi  these  calculations  it  is  imtnaterial  whether  we 
consider  the  experiment  as  made  upon  a  given  volume 
of  air  confined  in  a  vessel,  or,  as  with  Mr  Dalton,  use 
the  cooling  of  a  substance  to  obtain  the  deposition  of 
dew  in  the  indefinite  mass  of  the  atmosphere.  And 
this  is  precisely  the  problem  proposed  in  Art  95, 

(99.)  The  solution  of  this  problem  is,  in  fact,  the 
determination  of  an  important  meteorological  question, 
to  which  certain  instruments,  called  Hygrometers,  have 
long  been  applied.  Dalton*s  experiment  gives  an 
absolule  estimate  of  the  tension  of  aqueous  vapour  in 
the  atmosphere  at  any  time  ;  that  is  to  say,  detemiines 
its  hygrometric  state.  The  mode  of  performing  the 
experiment  has  been  improved  by  Mr,  Daniel  I  j  and 
hygrometers  on  this  construction  are  now  sold  by  the 
philosophical  instnimenl-niakers  in  London. 

(100,)  Having  obtained  the  value  of  this  important 
correction,  we  return  to  Mr.  Dalton's  investigation  of 
the  rate  of  evaporation.  Since  the  formation  of  vapour 
at  inferior  temperatures  must  be  less  rapid,  especially 
when  impeded  by  comparatively  large  quantities  of 
humidity  already  in  the  air,  it  became  necessary  to 
employ  a  larger  surface,  that  the  evaporation  might  be 
more  perceptible.  The  cyiindrical  vessel  for  the  water 
had  now  a  diameter  of  six  inches,  and  the  experiments 
were  conducted  as  before. 

The  law  of  the  results  obtained  may  be  thus  expressed. 
Let/ be  the  maximum  tension  which  vapour  could  ac- 
quire for  the  temperature  of  the  experiment,  (viz,  that 
producing  saturalion.)  Then  Mr.  Dalton  found,  that 
under  the  same  state  of  the  air  with  regard  to  its  agi- 
tation, the  quantity  of  evaporation  was  constantly  pro- 
portional to  /  *- /^;  that  is  to  say,  if  the  total  tensiou 
of  vapour  at  212^  be  called  F,  and  that  at  that  tempe- 
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It  hM  long  been  remarked  that  the  process  of  distil- 
'^  tation  is  much  retarded  if  the  communication  between 
llie  retort  and  the  vessel  in  which  the  refrigeration  tales 
place  be  through  a  small  aperture;  in  this  CQse»  the 
current  of  vapour  has  to  force  a  passage  in  oppoj^ilion 
to  the  constant  resistance  of  the  body  of  air  withiti  the 
refrigerant  vessel.  Again,  it  ha.s  been  remarked  by 
M,  Gay  Lussac^  that  in  the  distillation  of  zinc  from  a 
Tcssel  having- but  a  small  orifice*  the  operation  does  not 
proceed  without  the  fused  metal  be  actually  in  ebulli- 
tion ;  but  that  the  distillation  goes  on  even  at  much 
lower  temperatures,  from  a  mixture  of  oxide  of  zinc  and 
charcoal.  Thus  gaseous  oxide  of  eharcoal  is  formed, 
nrhich  by  its  expansive  force  carries  away  with  it  the 
r^pours  of  the  zinc  as  rapidly  as  they  are  formed,  thvis 
making  room  forfiirther  vapourisation,  and  the  process 
10  accelerated. 

In  those  evaporations  which  are  conducted  on  the 
IwiTge  scale  in  several  sorts  of  manufacture,  it  is  found, 
AS  might  be  expected,  that  the  larger  the  surface  ex- 
posed, and  the  more  free  the  communication  with  exter- 
nal air,  the  more  rapidly  is  the  operattOTi  performed* 
And  as  it  is  obviou--*  that  the  pressure  of  a  mass  of 
^^pour  incumbent  on  the  surface  of  a  liquid  must  im- 
pede the  process  of  evaporation,  it  is  frequently  advis- 
able to  allow  a  current  of  air  to  pass  over  the  surface 
of  the  iquid»  for  the  purpose  of  removing  the  vapour 
MA  last  as  it  is  formed. 

A|pin,  we  have  formerly  remarlied  (23)  that  ther- 
mometers  of  alcohol  or  water»  if  well  made,  so  as  to 
be    quite  free  from   atmospheric  air  witliin,  might  be 
employed  for  the  measure  of  temperatures  considerably 
above  the  boiling  points  of  those  respective  fluids.     In 
the  dilatation  of  these  liquids  by  heat,  they  emit  freely 
from  their  surfaces,  that  is  to  say,  from  the  extremity  of 
their  columns  as  much  vapour  as   the  vacant  part   of 
the  tube  can  contain  ;  and  as  this  vapour  can  rise  from 
the  surface  freely,  without  any  ellbrt,  because  it  expands 
iato  a  vacuum,  or  else  into  vapour  already  existing^  we 
perceive  that  there  is  no  reason  for  the  fonnation  of  va- 
pour from  the  interior  of  the  liquid  also.    For,  supposing 
*^e  temperature  uniform  throughout  Ihc  instrument,  such 
vapour  formed  within  the  liquid  could  only  possess  an 
elastic ibrce  equal  to  that  of  the  vapour  within  thii  void 
^iiu^eof  the  stem  ;  and  besides  this  equal,  and  therefore, 
co\interbalancing  force,  it  would  have  to  overcome  the 
^e'ight  of  the  incumbent  column  of  liquid  ;  this  being 
impossible,  the  formation  of  vapour  constituing  cbulli- 
13 on  does  not  take  place  in   the  interior.     But  if  air 
'^erc  mingled  with  the  liquid,  the  case  becomes  alto- 
gether changed;  for  the  elasticity  of  that  air,  increased 
W   Ileal,  would  be  added  to   the   elastic  force  of  the 
vapour  formed    within   the   liquid.      Thus   ebullition 
^'^'^ht  commence  whenever  the  sum  of  these  two  interior 
*<^''ces  exceeded  the  elastic  force  of  the  vapour  within 
^**  stem,  plus  the  weight  of  the  column  of  fluid  incum- 
^^t  upon  the  nascent  bubble  of  vapour  and  air  ;  or,  in 
ihfift^  whenever  the  elasticity  of  the  bubble  of  air  sur- 
?*ss^  the  weight  of  tlie  column  of  liquid  incumbent 
^^n  it. 

A  very  beautiful  practical  application  of  the  depen- 
dency of  the  boiling  point  of  fluids  upon  the  atmos- 
F^Hc  pressure,  has  been  made  by  the  late  Archdeacon 
^^llaston.  He  constructed  a  thermometer  having  but 
*  sqiall  range  of  temperature,  and  that  extending  some 
d^6n»«  from  the  boiling  point  of  water  downwards^ 
but  with  these  degrees  so  large  as  to  be  capable  of 


accurate  suhdivition.  It  is  obvious,  that  from  the  Ch«ii*  1. 
diminution  of  atmospheric  pressure  in  ascending  a  ^*— i-.^.--^ 
mountain,  the  temperature  at  which  water  boils  is  also 
diminished.  Hence,  it  is  evident,  that  by  boiling  water 
over  a  small  lamp»  at  the  bottom  and  top  of  a  mountain, 
and  carefully  e?itimaling  the  temperatures,  the  relative 
heights  may  he  determtned.   (q.) 
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i  4,     Incandescence, 

(107.)  The  effects  of  caloric  hitherto  described^  are 
those  dependent  upon  an  increase  of  distance  between 
the  integrant  molecules  of  bodies.  Incandescence,  or, 
as  it  is  sometimes  termed.  Ignition,  seems  to  be  utterly 
independent  of  such  a  mode  of  action.  Solids  are 
capable  of  it,  so  that  they  do  not  pass  to  the  state  of 
vapour,  nor  enter  into  combustion  before  they  arrive 
at  the  temperature  proper  for  luminous  emanation. 
Liquids  too  are  supposed  to  pass  under  the  same  law, 
but  must  be  confined  to  prevent  their  assuming  the 
state  of  vapour.  No  experiments  have,  however,  as  yet 
exhibited  the  gases  in  a  luminous  state  from  artificial 
heat,  though  the  flash  seen  in  the  dark  upon  the  dis- 
charge of  an  air-g^in  is  a  fact  that  ought  to  be  well 
considered,  before  we  pronounce  such  an  extension  of 
the  law  impossible.  The  term  ignition  we  conceive 
objectionable,  because  it  is  commonly  appropriated  to 
the  cotnmencement  of  combustion, 

Incandescence  seems  to  be  produced  atone  invariable 
temperature  in  the  same  substance,  at  least  in  the 
absence  of  other  light,  or  in  light  of  given  intensity;  it 
is  independent  of  the  presence  of  air,  for  it  has  been 
made  to  take  place  within  a  mass  of  melted  glass ;  it  is 
permanent,  so  long  as  the  exciting  degree  of  fieat  con- 
tinues, and  after  having  disappeared,  is  again  renewable 
by  a  repetition  of  the  process  by  which  it  may  have 
been  originally  developed. 

Absolute  incandescence  is  preceded  by  an  emission 
of  red  rays  of  light ;  and  tJie  temperature  at  which  this 
phenomenon  take^  place,  is  supposed  to  be  the  same  for 
all  substances.  Mr.  Wedgwood  having  gilded  some 
lines  upon  a  piece  of  porcelain,  hited  it  to  the  end  of  a 
tube,  which  was  placed  within  a  heated  crucible.  The 
substances  were  extremely  dissimilar  in  their  nature, 
but  no  diiference  could  be  perceived  in  the  time  at 
which  the  gold  and  the  earthenware  both  became  lumi- 
nous. Newton  estimated  the  temperature  of  a  red 
heat  just  visible  in  the  dark  to  be  at  635^  of  Fahren- 
heit; a  fiill  red  heat  752" ;  and  absolute  incandescence 
visible  in  day  light  to  be  beyond  1000°.     Irvine  esti 
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mated  the  heat  of  a  common  coal  fire  at  790"^  or  796**, 
'  (a.)  Mr.  Wed^ood  placed  the  point  of  red  heat 
visible  in  the  dark  at  —  l^  of  his  pyrometer,  or  947^ 
FaJirenheit  ;  and  he  placed  incandescence  visible  in  day 
light  at  1077°  Fahrenheit.  The  progress  of  heating 
firRt  eHcit-'i  the  red,  iheo  jellow,  EUid  finally  absolutely 
full  white  lig^ljt. 

Mr.  Wedpfwood  fiilly  proved  that  the  same  tempera- 
ture which  renders  solids  lorainous,  has  not  the  same 
effect  upon  air.  He  passed  a  current  of  air  through  iin 
earthenware  lube  in  a  state  of  incandescence,  the  air 
was  thus  conducted  info  a  g-lobular  vessel,  from  which 
it  ag:ain  escaped  through  an  opening  at  the  top.  In 
the  side  of  this  vessel  was  a  glass,  through  which  what- 
ever passed  within  could  be  observed.  The  air  was  not 
hi  mi  nous,  and  yet  it  was  of  sufllicieut  temperature,  for 
it  rendered  a  g'old  wire  incandescent,  which  was  suspen- 
ded in  its  current,  {h.) 

The  incandescence  produced  by  percussion  and  altri- 
lion»  seem  to  us  to  fall  only  within  the  general  law  of  a 
certain  effect  being  produced  by  a  certain  increntent  of 
temperature,  no  matter  liow  it  may  have  been  developed. 
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DIVISION  II 
Chemical  Efftcis  of  Heat 

(108.)  Tlie  extent  to  which  this  subject  will  here  be 
pursued  is  hy  no  njeaus  proportionate  to  its  impor- 
tance. This  Division  might  indeed  without  impropriety 
have  been  altogether  omitted,  but  its  title  is  retained 
for  the  purpose  of  clearly  pointing  out  t)ial  which  to  us 
appears  the  connecting  link  between  Physical  and  Che 
mi  cat  Science,  as  far  as  Heat  is  concerned. 

As  soon  as  Heat,  applied  to  any  substance,  has 
ceased  to  atfect  its  physical  state  only,  and  has  com- 
menced a  true  chemical  action,  we  hold  that  the  sutyect 
no  longer  falls  under  the  leg;itimate  consideration  of 
this  article.  We  have  strictly  confmcd  our  researches 
into  the  i'lfccis  of  Heat,  to  those  which  act  upon  the 
intt'grajtt  molecules  of  all  bodies ;  and  we  refer  to  the 
department  of  chemical  ^cieuce,  all  those  etfects  which 
Uike  place  upon  the  comtiiueut  molecules.  This  latter 
explanation    may  at  first   sight  appear    inappropriate. 


with  reference  to  simple  substances,  which  posae^  in- 
tegrant molecules  only  in  our  sense  of  the  word,  Bu%  ^ 
in  tnitli,  the  instant  chemical  action  commences,  the 
presence  of  an  integrant  molecule  of  some  cvther 
simple  or  compound  substance  is  implied  :  and  thus 
the  molecule  in  our  supposed  ease,  though  an  integrani 
and  simple  one  at  first,  becomes  a  portion  of  a  con- 
stituent one,  in  union  with  others  which  it  may  have 
met  with. 

Under  this  view  of  the  subject,  the  Ckcmical  Effect  of 
Heat  is  to  produce  a  change  in  the  affinities  of  the  atoms 
or  molecules  of  matter.  By  the  infiuence  of  such  a 
change,  either  in  quantity  or  intensity,  compositions  and 
decompositions  are  effected  t  the  elements  of  simple 
bodies  are  made  to  unite ;  or  those  of  compound  OQe% 
are  compelled  to  separate  themselves. 

Substances  which  at  one  temperature  rauy  remain  x^i 
contact  without  entering  into  combination,  will   by       ^ 
change  of  temperature   enter  into  intimate  and  jienf^j^ 
nent  chemical  union.     Thus,  at  ordinary  temperature^* 
a  lump  of  bismuth  and  a  lump  of  lead  show  no  t^sx|. 
deney  to  unite ;  hut  let  both  be  heated  in  a  ladle,  ^^nd 
combination  commences  with   the  fiision  of  the  o^ie 
even  below  the  tem])erature  required  for  the  fusion,    of 
the  other.     In  other  cases,  where  a  true  chemical  cc»iq. 
hi  nation  is  supposed  already  to  exist ;  yet  the  physical/ 
effects  of  an  increase  of  temperature  upon  the  elements 
may  be  so  dissimilar  as  lo  produce  a  force  over-powering 
that  of  the  affiniiies  of  the  bodies  ;  and  a  separation  is 
eHected  by  removing  the  constituent  molecules  beyond 
the   sphere  of  their  natural  chemical   attraction.      Oi 
this  sort  of  elFect,  the  decomposition  of  chalk,  and  the 
separation  of  mercury  from  some  of  its  alloys,  by  tlie 
application  of  Heat,  are  instances.     But  in  the  case  of 
an  alloy  of  gold  with   silver,  as  the   constituent  m(Ae- 
cules  of  neither  element  are  capable  of  volatilizttlion 
by  any  Heat  we  can  apply,  no  decomposition  iseflktcd. 

Let  Combustion  be  defined  as  it  may,  Inflaumattok 
differs  from  it  in  this  particular,  that  it  is  combuslion 
taking  place  under  the  fonn  of  flame.  In  a  piece  «jf 
wood  that  is  burning,  we  see  both  inflammation  and  coon- 
bust  ion ;  fjut  in  a  piece  of  charcoal  we  observe  coiao- 
bustion  without  inflammation.  These  are,  however, 
diemical  phenomena,  and  must  be  studied  as  such  i** 
a  future  article;  wherein  Htat^  though  admitted  »" 
important  agent,  is,  nevertheless,  only  an  ageol  i^ 
common  with  Light  and  Electricity. 
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CHAPTER  II. 


ON  TllE  SOURCES  OF  UEAT  AND  COLD. 


I        In   langiiage   of  greater  preclsioii  we   sliould   say, 

v||»l  \hifk  diapier  is  devuled  to  an  examination  of  those 

r  flrtund   sources  or  ariilicial  methods,  to  whirh   we  are 

in   llie  habiL  of  resortinfif*   for   the    puf|50se    of    pro- 

iluciQ^  eievatlon  or  depression  of  temf>eratii  re  in  bodiet^, 

I    "These  will  be  considered  under  the  following  sections: 

§  l.  The  Sun. 

§  2,   Electricity. 

§  3.  Methanieal  Action,  * 

!        §  4.  Channfe  of  Temperature  by  change  of  Physical 
condition, 

§  5,    Variations    of  Temperature  produced    during 
simultaneous  Physical  and  Chemical  change. 

Animal  Heat,  accompanying  vitality,  might,  perhaps, 
j,   also  be  mentioned  ;  but  it  would  be   impossible  to  ex* 
amine  its  depeudencies  without  encroaching  upon  the 
'^rttjvinoe  of  the  Physiologist. 


k 


I  I,     Tke  Sun. 


109.)  Tlie  sun  is  the  most  obvious  and  unvarying 

ce  from  which  heat  is  communicated  to  our  earth» 

lis  action  is  moditied  in  a  thousand  ways,  but  its  opera- 

lioas  and  effects  are  ever  present.     To  the  Astronomer 

we  leave  all  those  difficuk.  and  yet  undecided  queiitionSt 

Tdatitig  to  the  nature  and  substance  of  that  luminary. 

md  confine  ourselves  to  a  brief  statement   of  tho.se 

opemioiiB  which  are  immediately  connected  with  our 

wbjeet     How  far  the   heat  and  light  of  the  sun  are 

BRpttr>ble,  or  the  contrary  ;  whether  they  be  of  different 

natures,  or  only  modifications  of  the  same  property  or 

subitance,  we  do  not  as  yet  pause  to   inquire,  but  we 

daienbe  the  etfects  of  the  solar  beam  in  its  ordinary  state. 

When  transparent   bodies  are  exposed   to  the  light 

of  tbe  mtu  it  is  well  known  that  the  heating  effect  is 

ftiUy  inforior  to  that  which  is  produced  upon  opake 

J'ikitaiices,     Those  bodies  which,  like  coloured  glasses, 

Intercept  some  part  of  the  sun*s  light  only,  have,  roughly 

^taking,  a  similar  partial  effect  upon  tlie  passage  of 

i*a  calonfie  rays;    and  the  less  the  quantity  of  heat 

'•^ftsmiUed,  the  greater  is  the  qiiantity  absorbed  by  the 

coUmred   medium.     Opake  bodies,  which   all  equally 

•nd  totally  resist  the  passage  of  light,  are  not  equally 

^fleGted  in  temperature  by  its  incidence  upon  them. 

^hat  modification  of  their  nature  which  produces  in  us 

^e  sensation  of  colour,  developes  in  them  also  a  corres- 

P*^»idii\iT  ditference  in  the  absorbing  power,  or  capability 

**f  imbibing  caloric  from  the   appulse  of  light.     This 

**is  inudethe  subject  of  experiment  hy  Ilooke,  Franklin, 

*iid  more  recently  by    Sir  H.    Davy.     Dr.   Franklin 

P»^ed  some  square  pieces  of  cloth  of  different  colours 

•ipoii  a  swffece  of  snow,  and  noted  those  for  the  best 

^^rbers   of  caloric   which    sunk  in  most  deeply  by 

meltiiig  the  snow. 

Sii"  H.  Davy  exposed  to  the  sun,  one  side  of  six  cop- 
Pf'  plates,  which  had  been  painted  of  diffew^nt  colours. 
'^  the  opposite  side  of  each  plate,  a  bit  of  cerate 
^I'ered,  which  melted  at  a  temperature  of  TO**  Faiiren- 


heit.  The  wax  melted  on  the  coloured  plates  in  the  Chap,  II. 
following  order.  First  black,  then  hhie,  green,  red,  — -  v^^--** 
yellow,  and  lastly  on  the  white.  («.)  It  is  obvious, 
that  this  order  is,  as  far  as  our  sight  is  concerned,  the 
reverse  of  the  illuminating  power  of  the  retlected  rays. 
The  black  copper  absorbed  most  heat,  as  is  proved  by 
the  experiment ;  and  judging  by  our  vision,  it  absorbed 
all  the  light.  To  what  exteot  do  these  properties 
coincide  ? 

(1 10.)  We  shall  have  to  examine  hereafter  the  widely  EflTecis  of 
different  effects  of  coloured  substances  in  the  absorption  colour. 
of  caloric,  when  radiating  from  a  body  artificially 
heated ;  but  for  the  present  content  ourselves  with 
stating,  that  this  law  seems  very  nearly  if  not  quite  true 
with  the  solar  beam ;  that  its  calorific  effect  produced 
by  direct  impact  varies  inversely  as  the  quantity  of  illu- 
minatingpower  rcHecledfrom  surfaces  differing  in  colour. 

On  this  subject  the  following  simple  experiments 
may  be  cited  in  ilhistration.  Cavallo  found  that  a  ther- 
mometer with  a  blackened  hulb  stood  higher  than  one 
with  its  bulb  not  blackened;  whether  exposed  to  th€ 
sun's  rays,  the  light  of  day,  or  the  light  of  a  lamp,  (b.) 
M.  Pictet  also  found  that  two  thertnometers,  one  black- 
ened, the  other  not>  manifested  the  same  temperature  in 
the  dark.  (t%) 

(Ml.)  Ditterent  sulxstances  acquire  differetit  inere* 
ments  of  temperature  by  exposure  to  the  sun's  rays,  and 
these  depend  on  many  adventitious  circumstances.  It 
is  said  that  in  these  climates  few  bodies  are  able  to 
manifest  more  than  120  Fahrenheit.  M.  Saussure 
constructed  a  small  box,  lined  with  cork,  and  charred 
internally,  so  as  to  be  a  good  absorber  and  a  bad  con- 
ducior  of  heat.  The  box,  enclosing  a  thermometer, 
was  covered  with  a  disc  of  glass*  By  exposure  of 
this  apparatus  for  a  few  minutes  to  the  direct  rays  of 
the  sun,  the  thermometer  stood  at  22 1"^  Fahrenheit ; 
the  temperature  of  the  external  air  being  7b^,  (d.) 
With  an  arrangement  somewhat  similar,  Professor 
fiobison  frequently  obtained  an  elevation  of  230°  Fah- 
renheit, and  once  of  even  237^.  Before  a  bright  fire 
the  thermometer  rose  to  212^^.  (e.) 

(112.)  Such  are  the  effects  nf  a  sunbeam  in  its 
ordinary  state,  bnt  by  the  application  of  those  proce«ae« 
by  which  its  light  is  concentrated,  an  analogous  e0eet 
is  produced  upon  its  calorific  properties.  A  convex 
lens  of  diaphanous  matter,  or  a  concave  mdallic  specu- 
lum, will  by  this  method  of  condensation  set  nre  to 
combustible  bodies,  or  fiise  the  most  refractory  sub- 
stances. Indeed  the  heat  produced  by  such  means  is 
almost  as  intense  as  by  the  powers  of  the  Voltaic  pile, 
or  by  the  energy  of  the  gas  blowpipe.  Count  Rumford 
proved  by  experiment,  that  this  great  increase  of  power 
is  not  the  effect  of  any  change  in  property  fi^ora  the 
altered  direction  of  the  rays,  lyy  thus  concentrating  ihem 
into  a  focus,  but  was  due  solely  to  the  increased  inten- 
sity of  action,  arising  firom  the  accumulation  of 
numbers,  thus  brought  to  bear  upon  the  same  point.  (/.) 

The  dissimilar  calorific  effects  of  the  dili^rent  parte 
2  M 
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rthe  prismatic  spectrtim  will  be  found  under  ihe  more 

Uended  Chapter  upon  lladiation. 
References  from  (109)  to  (112)  inclusive, 
(a}  Beddoes'a    Contrihutions^    p.   4,      (6)    Cavallo, 

hii.  Trann.,  1792.    (c)  V'miei^  Euai  sur  k  Feu,  ch.  iv. 

f)  Suussure,  Foyagex^  ^c,^   n,  p,  932,     (e)   Robison, 

lack's  Led.,  i,  p,  &47.    (/)  Rumford,  Jour,  de  Phy»,, 

i.  p.  32-     (g)  Herscbell,  Phil.  Trans.,  1806,  p.  2S6. 

0  EiigleAeld*  Jottr.  Bay.  ImU,  i.  p.  203. 

K  (2.  Electficiiy, 

(113.)   The  instantaneous  restoration  of  eleclrical 

|tiilibrium  which  takes  place  in  a  common  discharge, 
as  been  long^  known  as  a  source  of  caloric ;  and  some 
f  the  most  intense  degrees  of  heat  that  have  ever  been 
ilnessed  sprung  from  the  action  of  the  Voltaic  pile, 
or  the  agency  of  common  electricity  in  the  develop- 
tent  of  ileal,  we  have  but  to  refer  our  readers  to  the 
rticle  Electricity,  ch,  vi.  art,  179.  Those  details 
hich  are  entered  into  titere  with  propriety,  would  here 
B  absolutely  out  of  place. 

There  is,  however,  a  very  curious  experiment  of  M. 
ictet,  which  proves  that  Electricity^  in  addition  to  its 
nmediate  calorific  efiect  by  discharge,  exerts  a  singular 
Lfluence  upon  the  communication  of  caloric.  This 
ble  experimentalist  exhausted  a  glass  globe  of 
200,199  cubic  inches  capacity,  till  the  manometer 
ithin  stood  at  1.75  lines.  In  ihe  middle  of  the  globe 
as  a  thermometer  suspended  from  a  glass  stand.  Tlie 
ilorific  effects  ot  two  lighted  candles  were  concentrated 
pon  the  thermometer  bulb,  by  means  of  two  concave 
jflectors,  Tiie  globe  and  the  candles  were  all  placed 
pon  the  same  insulated  stool.  An  electrical  machine^ 
landing  2^  feet  from  the  globe,  had  its  conductor  con- 
ected  with  a  brass  ring  at  the  mouth  of  the  glol:»e,  so 
lat  an  electrical  atmosphere  could  be  kept  up  within 
ic  globe,  and  even  extending  to  some  distance  round 
,  as  M^Pictet  inferre<l  from  the  candles  burning  dimly. 
Tie  experiment  commenced  with  the  thermometer  at 
9**, 8.  Electricity  being  communicated,  the  thermo- 
leter  rose  to  70°,2  in  732  seconds.  The  experiment 
eing  repeated  without  the  electricity,  it  required  1050 
Bconds  to  produce  the  same  rise  in  the  thermometer, 
t  would  seem  then,  that  Uje  electrified  state  increased 
le  rate  of  the  communication  of  caloric  j  though  it 
ppeared  from  other  experiments,  that  the  maximum 
Mnperature  producible  by  each  method  was  the  same* 

The  candles  were  then  insulated,  by  being  placed  on 
iscs  of  varnished  glass.  In  the  electrified  vacuum 
le  thermometer  rose  from  52**.2  to  74'^.7  in  1050 
econds,  but  in  the  unelectrified  vacuum  in  96b  seconds, 
The  maximum  temperature  that  could  be  obtained  in 
^e  electrified  vacuum  was  77"^,  but  in  the  unelectrified 
ne  86°.  Hence  it  appears,  that  when  the  globe  and 
andleii  arc  in  electrical  communication,  electricity 
ccelerated  the  transmission  of  caloric ;  but  that  when 
aey  were  on  separate  insulators,  the  contrary  effect  of 
etardation  was  produced,  (a.) 

(114.)  Another  fact  worthy  of  notice  is  mentioned 
y  Thomson,  that  when  metals  are  heated  to  incandes- 
ence  by  electric  energies,  they  continue  to  evolve  light 
Onger  than  if  healed  by  common  fire ;  other  circum- 
lances  remaining  the  same.  (6.) 

References  for  (113)  and  (114). 

(a)  Pictet,  Esitai  sur  k  Feu,  ch,  vi,     (6)  Thomson's 
mittry^  I  p.  160* 
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§  3.  Mechanical  Action*  ^ 

(115.)  There  are  nominally  three  modes  of  mecha- 
nical  action  by  which  heat  is  developed, — percumon^ 
condensation,  and  friction.  The  two  fonner,  perhaps, 
are  identical,  and  may  be  considered  only  as  djlferences 
of  phrase,  arising  from  the  varied  nature  of  the  bodies 
submitted  to  experiment.  Thus,  perciimion  seems  to 
apply  but  ill  to  the  molecules  of  a  gaseous  fluid,  and 
yet  possibly  the  heat  evolved  during  the  condensation 
of  that  form  of  matter,  may  be  justly  referred  to  the 
mutual  percussion  of  its  particles.  Again,  conden^ 
iatioji  may  not  appear  the  most  appropriate  term  to 
apply  to  the  hammering  of  u  metal,  a  process  by  which 
heat  is  evolved;  and  yet  condensation  is  the  invariable 
accompaniment  of  this  action,  and  may  possibly  be 
essential  to  its  production. 

Friction  has  by  some  been  supposed  to  produce  its 
effects  upon  the  principle  of  its  inducing  a  state  of 
momentary  condensation,  but  of  tins  hereafter.  We 
are  now  only  desirous  of  showing  that  these  three 
modes  of  action  are  sutficieiuly  nearly  allied  to  each 
other  to  be  pennitted  to  fall  under  the  same  section  of 
our  article, 

(115.)  If  a  piece  of  iron  be  stmck  with  a  hammer,  rimiMT"^ 
the  metal  acquires  a  sensible  elevation  of  temperature, 
and  by  repeated  blows  it  may  be  made  red  hot.  Agnin, 
in  the  common  process  of  striking  a  light  with  flint 
and  steel,  the  heat  is  evolved  by  percussion  ;  and  to 
such  an  extent,  as  to  determine  a  chemical  combination 
between  the  minute  fragments  of  metal  separated,  and 
the  oxygen  of  the  air.  These  fragments  are  not  lumi- 
nous in  vacuo,  from  the  absence  of  the  air  which  is 
essential  to  combustion. 

The  elevation  of  temperature  produced  in  metals  by 
percussion  is  said  to  be  attended  by  condensation,  that 
is,  their  density  is  increased.  The  best  set  of  experi- 
ments on  this  subject  has  been  made  by  Biot,  Berthol- 
let,  and  Pictet.  The  following  is  Professor  Thomson'8 
abstract  of  their  memoir  : 

**  The  experiments  were  made  upon  pieces  of  gold, 
silver,  and  copper,  of  the  same  size  and  shape  ;  and 
care  was  taken  that  all  the  parts  of  the  apparatus  had 
acquired  the  same  temperature  before  the  expenmenta 
began-  Copper  evolved  most  heat,  silver  was  next  in 
order,  and  gold  evolved  the  least.  The  first  blow 
evolved  the  most  heat,  and  it  diminished  gradually, 
and  ai\er  the  third  blow  was  hardly  perceptible.  The 
heal  acquired  was  estimated  by  throwing  the  piece  of 
metal  stnick  into  a  quantity  of  water,  and  ascertaining 
the  change  of  tempemture  which  the  water  underwent. 
The  following  table  exhibits  the  increase  of  tempera- 
ture experienced  by  two  pieces  of  copper  from  three 
successive  blows  ; 

lilt  flat  piece.  . 17^,44 

^*^^^*^^   -l2nddo 20.80 

o  J  1.1  fist  piece 7^30 

2nd  blow.  I^^^i^^ 3  gg 

Srdblow..  {2j^o 1.46 

**  The  whole  quantity  of  heat  evolved  by  each  of  these 
pieces  of  copper  is  nearly  the  same  ;  that  from  the  lirst 
piece  being  26^64,  and  that  from  the  second  25^,95. 

"  The  following  table  exhibits  the  beat  evolved  from 
two  pieces  of  silver  treated  in  the  same  way  : 


gmo 


J- 


to  i 
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ttt  fttr-pnmp.     By  means  of  this  machine  a  piece  of 
conindum  was  made  to  rub  against  a  ftteel  cup  in  air ; 
sparks  were  produced  in  great  ah^indance  during  the 
whole  lime,  but  ihe  thermometer  did  not  rise.     The 
^me  experiment  was   repeated   in  the  exhausted  re- 
aver of  an   air-pump,  (the   manometer  standing-   at 
4  lines  ;)  no  sparks  were  producer!,  but  a  kind  of  phos- 
phoric light  was  visible  in  the  dark.     The  thermometer 
did  not  rise.     A  piece  of  brass  being  made  lo  nib  in 
the  same  manner  against  a  much  smaller  brass  cup  in 
•ir,  the  thermometer  (which  almost  fiUed  the  cup)  rose 
',5,  but  did   not  begin   to  rise  till   the  friction   had 
ceased.     Ttiis  shows   us  that  the  motion  produced  in 
\he  air  carried  oti"  the  beat  as  it  wa*^  evolved.     In  the 
^lausted   receiver  it   began  to  rise   the  moment   the 
friction  commenced,  and  rose  in  all  1^.2.     When  n  bit 
of  urood  was  made  to  nih  agarm^t  the  brnsft  enp  in  the 
flir,  the  thermometer  rose  O'',?,  and  on  substituting  also 
a  wooden  cup  it  rose  2°,  1 ;  and   in   the  exhausted  re- 
ceiver 2'^.4,  and  in  air  condensed  to  1^}^  atmospheres  it 
rose  0^,5.     Pictet,  /i«*tfi  fur  ic  Fev^  di,  ix. 

••  If  these  experiments  be  not  thought  conclusive,  I 
have  ctthers  to  relate  which  will  not  leave  a  doubt  that 
the  liertt  produced  bv  friction  is  not  connected  with  the 
decomposition  of  oxygen  gas.     Count  Rum  ford  con- 
trived, with  his  usual  ingeimity»  to  enclose  the  cylinder 
thove   described  in  a  wooden  box  filled  with  water, 
which  efiectnally  excluded  all  air,  as   the  cylinder  itself 
«nd  the  borer  were   surrounded  with  water,  and  at  the 
same  time  did  not  impede  the  motion  of  the  instrument. 
The    quantity   of   water   amounted    to    18.77    pounds 
■^irdupoise,  and  at   the  beginning  of  the  experiment 
*te    at  the  temperature  60'\     After  the  cylinder  had 
'Evolved  for   an   hour   at   the   rate  of  32  limes  in   a 
"linute,  the  temperature  of  the  water  was  lO?'* ;  in  30 
niiuutes   more  it   was    178"*;    and  in   2  hours  and  30 
tkim tiles  from  the  commencement  of  the  experiment  the 
'^ater  actually  boiled.     According   to  the  computation 
**f  Count  Rumford,  the  beat  produced  would  have  been 
^'^cient  to  heat  26.58  pounds  of  ice  cold  water  to  the 
»^Uing  heat;    and  it  M^ould   have  required  nine  wax 
*^^nfl|e<i  of  a  moderate  size,  burning  with  a  clear  flame 
all  the  time  the  experiment  lasted,  to  have  produced  as 
***iich  heat.     In  this  experiment  all  access  of  water  into 
*^e  bole  of  the  cylinder,  where  the  friction  took  place, 
^^^s  prevented,     Bnt  in  another  experiment  the  water 
w^ft  ftUowed  free  access,  with  precisely  the   same  re- 

The   experiments   of    Rumford  were    repeated  and 

WTenfficd  by  M.  Haldot.     He  contrived  an  instrument 

'^  Mhich  two  bodies   couhl   be   pressed   against  each 

•*tlierhy  means  of  a  spring,  while  one  of  tliem  turned 

'^und  with  a  velocity  of  32.8  inches  per  second.     The 

yHditmtook  place  in  a  strongbox,  containing 2 16  cubic 

■*^chcs  of  water.     Tlie  results  obtained  so   nearly  re- 

^emble  those  of  Count  Eumffjrd,  that  it  is  unnecessary 

^  ^ter  into  more  particular  details.     The  rubber  was 

"^^ss.     When   the  metal  rubbed  was    yinc,    the    heat 

'Solved  was  greatest ;    brass  and    lead  afforded  equal 

^^^^t,  but  less  than  ^inc ;    tin  produced   only  f  of  the 

''*;^t  evolved  during  tlie  friction  of  lend.     By  quudrti- 

^^^*^g  the  presjmre,  the  heat  evolved  was  seven  times 

^*^^tr  than   before.     Wlien  the  rubber  was  rough,  it 

^^Uced  but  half  as  much  heat  as  when  smooth.    When 

J^^  8pparstus  was   surrounded   by  bad  conductors  of 

^ht,  or  by  noo-conductors  of  electricity,  the  quantity  of 

h^^volwed  Wi^  diminished,  (f.) 


From  some  experiments  upon  the  heat  evolved  during    *^l'ap^  IL 
the  friction  of  ditferent  kinds  of  wood  upon  each  other, 
given  in  Nicholson's  Journai,  it  would  appear  that  the 
increase  of  temperature  is  not  in  any  ratio  direct  or 
inverse  of  their  hardness.  (A.) 

Mr.  W^edgwood  found,  that  by  pressing  a  piece  of  "| 
window-glass  against  a  revolving  wheel  of  grit,  the 
glass  became  red  hot  at  the  point  of  friction,  and  gave 
olf  sparks  capable  of  inflaming  gunpowder,  these  then 
must  have  been  particles  of  glass  heated  to  redness  at 
least.  (*.) 

**  The  heat  then  which  appears,  in  consequence  of  j 
friction,  is  neither  produced  by  an  increase  of  the  density 
nor  by  an  alteration  in  the  specitic  heat  of  the  sub- 
stances exposed  to  friction,  nor  is  it  owing  to  the 
decomposition  of  the  oxygen  gas  in  the  atmosphere. 
Whence  then  is  it  derived?  This  question  cannot  ait 
present  be  answered ;  but  this  is  no  sutRcient  reason 
for  concluding,  witJi  Count  Rumford,  that  there  is  no 
such  substance  as  caloric  at  all,  but  that  it  is  merely  a 
peculiar  kind  of  motion.  Were  it  possible  to  prove 
that  the  acctnnulation  of  heat  by  friction  is  inrompati* 
bk  with  its  being  a  substance,  in  that  case  Count 
Rumford's  conclusion  would  be  a  fair  one  ;  but  surely 
this  has  not  been  done.  We  are  certainly  not  yet 
sufficiently  acquaints!  with  the  laws  of  the  motion'  o\ 
heat,  to  be  able  to  afhrni  with  certainty  that  friction  can- 
not cause  it  to  nccumuiate  in  the  bodies  nibbed.  This 
we  know  at  least  to  be  the  case  with  electricity. 
Nobody  has  hitherto  been  able  to  demonstrate  in  what 
manner  it  is  accumulated  by  friction  ;  and  yet  this 
alone  has  not  been  thought  a  sutticieut  reason  to  deny 
its  material  existence,  {k.) 

'*  One  would  be  apt  lo  suspect  the  agency  of  electri- 
city in  the  following  experiment  by  M.  Pictet.  Into 
one  of  the  brass  cups,  funnerly  described,  a  small 
quantity  of  cotton  was  put  to  prevent  the  bulb  of  Ihe 
thermometer  from  being  broken.  As  the  cup  turned 
round,  two  or  three  fibres  of  the  cotton  rubbed  against 
the  bulb,  and  without  any  other  friction  the  thermo- 
ni<^ter  rose  five  or  six  degrees.  A  greater  quantity  ot 
CO  lion  being  made  to  rub  against  the  bulb,  Uie  thermo- 
meter rose  16^'^  {L) 

Sir  H.  Davy  recently  contrived  to  melt  ice  by  frictioii 
within  an  atmosphere  which  was  not  suffered  to  rise 
above  the  temperature  of  32^  Fahrenheit. 

References  from  (115)  to  (122)  inclusive: 

[a)  M^m.  d'ArcueU,  ii,  p.  441  ;  or  Thomson's  €hem.^ 
i.  p.  148.  (6)  Nicholson's  Jouni,,  iv.  p.  280  ;  and  ix. 
p.  302.  (r)  Desmartiers,  Nich.  Journ,,  xxxiii.  p.  227, 
(d)  Biot,  Nich.  Jour.^  xi.p. 30;i.  (ti)  Rumford,  Kintayit 
If)  Rumford,  Nich.  Jour.,  xi.  p.  100.  (e)  Haldot, 
Nich.  Jour.^  xxvi.  p.  30.  (A)  Nich.  Jour.^  viii.  p.  218. 
(f)  PkrL  Tram.,  1792,  p.  43,  (k)  Thomson's  CAem,, 
i.  p.  154.  (/)  Thomson^s  CVirm,,  p.  156.  (m)  PhiL 
Tram.,  Ixxviii.  p.  43.  See  Morosi,  Mi'm,  de  I  ImtittU 
de  Milan,  torn.  xiii.  p.  137 — 147. 


§  4.   Change  of  Tanperatnre,  by  change  of  Phync4tl 
condition. 

(123.)  Changes  in  the  physical  state  of  bodies  ave 
intimately  connected  with  alterations  in  their  inherent 
quantities  of  caloric.  But  in  some  cases  the  sensible 
temperature  is  altered,  while  in  others  it  is  not  so*  In 
the  preceding  chapter  we  have  noticed  many  changes 


t- 


^■'■^«f^^^3^::>«> 


>i>« 
&* 


Co^*  "■,,..««' 


^'■^VS-s 


>^^^' 


•^Vio' 


:r;si>si?S^/.^--  °:  >^i?  :t'^rt>\n::^rs?r. 


t^-^iim-^.-^Sisi^ 


.^*y":ex»** 


60 


■mhinntinn,  as  to  produce  the  union  of  the  gaseous 
ements  on  a  lar^e  sciile  with  detonation » 
(136.)  Sometimes  the  platinum  wire  is  coiled  rotmd 
€  wick  of  a  spirit  lump,  so  an  to  leave  a  few  coi's  free 
>ove  the  cotton,  llie  lamp  is  lighted  for  the  puqjose 
'  heatings  the  wire,  and  then  blown  out ;  the  wire, 
jwever,  continue?*  its  operation,  and  will  glow  as  long 
i  any  spirit  remains  to  produce  vapour,  and  be  con- 
imed. 

In  the  more  delicate  of  these  experimenlg,  platrnuni 
id  palladium  were  the  only  metals  found  to  succeed, 
or  this  preeminence  they  were  indebted  to  tlietr  low 
?gree  of  specific  heat»  and  the  imperfection  of  their 
inducting  power*  (a.) 

In  thene  cases  we  remark,  in  the  first  place,  cheraicai 
mibination,  and  then  a  great  physical  change,  viz* 
indensatiou  from  the  gaseous  to  the  liquid  ^tate,  as 
ster  is  part  of  the  result. 

The  preceding  section  was  confined  to  tliose  app re- 
able  physical  changes  which  were  obviotisly  indepen- 
?nt  of  chemical  actioii,  Under  this  head  there  may 
*  course  be  included  both  simple  and  compound  snb- 
ances  ;  but  the  chiiuge  which  the  latter  may  undergo 
nst  be  confined  to  their  integrant  molecules,  and  must 
3t  extend  to  their  constituent  ones.  Within  the 
mita  of  onr  definition  we  seem  to  be  able  to  refer  to 
le  examples  already  cited  in  sec.  4  with  confidence, 

(137.)  But  if,  on  the  other  hand,  we  had  in  this 
•ction  wished  to  speak  of  calorific  eifects  arising  from 
lemical  action  alone^  and  from  which  physical  action 
as  to  be  absolutely  excluded,  we  should  not  have 
een  able  to  adduce  examples  with  an  equal  degree  of 
nifidence.  That  chemical  action  alone,  unaccompanied 
y  physical  etfect,  (if  it  ever  so  exist,)  n»ay  produce 
real  calorific  effects,  we  fully  believe,  for  we  diink  it 
early  proved,  that  heat  is  a  frequent  result  of  the 
nitual  action  of  stdjstances  possessed  of  strong  chemt- 
il  affinities,  Tlie  tbilowing  are  instances  of  this  kind, 
herein  physical  action  is  either  inappreciable,  or  is  by 
o  means  adequate  to  account  for  the  calorific  effects 
eveloped. 

(138.)  Let  a  few  copper  or  lead  filings  be  mixe<l 
dth  a  little  sulphur,  and  placed  in  the  closed  end  of  a 
lass  tube ;  then  hold  tlie  part  containing  the  mixture 
ver  the  fiame  of  a  lamp.  At  a  certain  elevation  of  tem- 
eratu re,  combination  will  take  place,  and  this  with  the 
ppeurance  of  vivid  combustion  ;  light  and  heal  being 
opiously  evolved,  though  the  tube  he  removed  from 
he  fiame  of  the  lamp.  The  presence  of  oxygen  is 
[uite  im necessary  to  this  experiment.  Heat  also  is 
ivolved  in  forming  an  alloy  of  potassium,  with  either 
iraenic  or  telluriuro. 

(139.)  Again,  M.  Berzelius  discovered  in  1811,  that 
leveral  antimoniatea  with  metallic  base,  when  they  are 
leated  nearly  to  redness,  exhibit  a  sudden  and  vivid 
flow  of  heat.  He  ascertained  alwi  that  oxygen  was 
lot  necessary  to  the  effect,  and  that  no  change  oY  w  eight 
»as  produced  in  these  salts  by  the  o]>eration.  Dr. 
i'Vollaston  pointed  out  a  similar  phenomenon  in  gadoli- 
nite,  and  Berzelius  in  the  oxides  ot  chromium,  tantalum, 
ind  rhodium,  with  many  other  bodies.  Hie  only 
appreciable  change  produced  in  all  these  cases,  is  that 
\he  substances  so  acted  upon  are  rendered  insoluble  in 
those  acid  or  alkaline  menstrua  to  which  they  had  been 
before  subject. 

(14U,)  It  might  at  first  sight  appear  a  reasonable 
supposition,  that  whenever  the  chemical  and  physical 
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eflk^ta  harmonize  together^  that  h,  whenever  by  the    Ch»p 
chemical  action  heat  is  evolved,  and  at  the  same   time  "-^'V' 
a  great  condensation  of  volume  is  effected,  the  total  *'**J**f** 
calorific  result  would  be  increased.     And  this  is  true  ^   ^  **^* 
in  many  cases,  but  is  directly  opposed  by  the  indispu- 
table evidence  of  others.     Of  these  modes  of  action 
we  adduce  the  following  examples, 

(141,)  Let  one  volume  of  oxygen  gas  and  tww 
volumes  of  hydrogen  gm  be  united  by  detonation,  from 
the  eflects  of  an  electric  spark,  so  as  to  form  water. 
Here  is  very  violent  chemical  action,  and  the  passage 
of  the  whole  volume  of  mixed  gases  from  their  original 
state  to  that  of  a  liquid  ;  and  the  heat  produced  is  verf 
great. 

(142.)  Again,  if  we  add  a  lump  of  amalgam  of  Hs- 
muth  to  a  lump  of  amalgam  of  lead,  though  both  are 
originally  solid,  or  nearly  so.  yet  by  a  little  trituration 
the  whole  becomes  liquid,  and  considerable  cold  \s 
produced  ;  an  effect  according  with  the  physical  action, 
but,  as  far  as  we  can  tell,  independent  of,  or  even  pos- 
sibly opposed  to,  the  effect  of  the  chemical  action.  See 
also  ref.  (o.)  (p.) 

(143.)  The  converse  case  is  that  in  which  the  chemi-  Phytir  il 
caJ   action  is  attended  by  some  considerable  physical***"' 
elfecf,  from  which  latter  a  marked  elevation  or  depres-      ^^Li 
sion    of  temperature   might   be  expected,  and  yet  the  **rP****^' 
change  of  lempeniture  takes  place  in  a  direction  imme- 
diately opposite  to  that  anticipated  by  the   application 
of  a  general  physical  law.    Thus  the  following  instances 
go  to  prove,  that  chemical  action,   accompanied  with 
great  expansion  of  volume,  do  not  produce  cold, 

(144.)  If  a  vessel,  containing  the  proto^de  o/f 
chlorine  (eu chlorine)  be  exposed  to  the  sun's  rays^  or 
to  artificial  heat,  the  gas  is  decomposed  with  explosion* 
the  volume  of  the  mixed  gases  is  increased  in  the  ratio 
of  3  to  2,  and  yet  light  and  heat  are  evolved. 

(145,)  A  similar  efiecl  is  produced  in  heating  oxide 
of  rhodium,  obtained  from  the  soda  muriate.  Water  is 
first  given  out»  and  subseqtieutly  a  further  decomposi- 
tion takes  plnce,  by  the  escape  of  one  portion  of  the 
oxygen,  leaving  a  metallic  suboxide.  But  during  this 
passage  of  oxygen  Irom  the  solid  to  the  gaseous  stale, 
the  remaining  oxide  is  seen  in  a  state  of  ignition, 

(146,)  The  chloride  of  azote  (azotane)  is  an  oily 
looking  fluid,  and  yet  by  its  decomposition  the  gaseous 
elemenls  acquire  a  volume  600  times  as  great  as  in  the 
fluid  state,  yet  light  and  heat  are  evolved  by  the  explo- 
sion. The  extreme  violence  of  the  action,  and  the 
danger  of  the  experiment,  present  however  some  dilfi* 
cultf#«^  in  the  way  of  a  minute  examination  of  the  cir* 
cumstiinces, 

(147.)  The  nitrates  and  chlorates  in  deflagration 
with  metallic  bodies,  or  with  sulphur,  phosphorus, 
charcoal,  &c»,  undergo  a  great  enlargement  of  volume^ 
and  yet  produce  light  and  intense  heat.  The  firing 
of  gunpowder  is  a  familiar,  but  striking  example.  It 
consists  of  nitre,  stdphur,  and  charcoal.  The  detonation 
may  be  peHbrmed  iti  vacuo,  the  product  being  for  the 
most  part  gaseous,  the  volume  in  this  state  is  many 
hundred  time<  greater  than  in  the  original  soUd  form, 
yet  light  and  heat  are  copiously  evolved. 

(148.)  By  dissohing  some  pounded  marble  in  sul- 
phuric acid,  the  heat  evolved  is  very  considerable, 
although  the  evolution  of  carbonic  acid  gas  must  tend 
to  produce  a  depression  of  temperature.  But  if  caustic 
lime  be  employed,  this  counteracting  cause  is  cut  olf^ 
and  the  heat  evolved  becomes  very  considerable  iudeedl 
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Heat.  Xq  an  experiment  of  this  sort,  MM.  Lavoisier  and 

"*"V^^  Laplftoe  mixed  1.5  pound  of  water  at  0°  with  2  pounds 
of  sulphuric  acid  of  specific  ^avity  1.87051  also  at  0^. 
The  heat  thus  evolved  melted  8.1406  pounds  of  ice. 
If  we  divide  this  product  by  3.5  pounds,  we  obtain 
0.8973  pound,  the  quantity  of  ice  melted  by  one  pound 
of  the  mixture. 

On  the  contrary,  some  substances  in  combining 
absorb  caloric  instead  of  evolving  it  These  must  be 
raised  to  some  common  temperature  U  so  high  thai 
even  after  their  combination  they  shall  still  remain 
above  0^.  The  mixture  is  then  made  within  the  calori- 
meter, and  the  quantity  of  ice  is  measured  which  the 
mixture  will  melt  in  cooling  down  to  0^.  The  mixed 
mass  must  Uien  be  again  heated  to  (9^  and  placed 
within  the  calorimeter,  noting  the  quantity  of  ice  melted 
as  before.  Now  it  is  obvious,  that  the  difference  be- 
tween the  ice  melted  in  the  two  cases,  arises  from  the 
cold  produced  in  the  process  of  combination.  Hence, 
the  ice  melted  in  the  latter  case,  minus  the  ice  melted 
in  the  former,  gives  the  quantity  of  ice  which  is  due  to 
the  difierence  of  effect  in  the  two  cases,  and  this  may 
be  divided  by  the  total  quantity  of  the  substances,  to 
obtain  a  result  analogous  to  the  former  one. 

To  absolute  measures  thus  obtained,  we  shall  have 
to  return  shortly. 

(152.)  The  physical  changes  then,  which  some  or 
other  of  them  are  the  frequent  concomitants  of  chemical 
action,  are  solidification^  condensation^  liquefaction^ 
vaipourisation^  and  combustion.  Of  all  these,  instances 
have  been  adduced,  for  the  purpose  of  proving  the 
uncertainty  of  any  general  law  arising  out  of  a  physical 
change,  when  that  change  is  combined  with  chemical 
action.  But  afler  these  illustrations  we  come  to  a 
practical  view  of  the  subject,  with  reference  to  the 
specific  object  of  this  section.  We  have  to  describe 
those  processes,  chiefly  chemical,  which,  with  reference 
to  the  ordinary  temperatures  in  which  we  live,  may  be 
termed  sources  of  heat  and  cold. 

(153.)  For  elevation  of  temperature,  that  which  is 
best  known  to  us,  and  is  of  the  readiest  application,  is 
Combustion.  It  may  be  necessary  here  to  state,  that 
for  the  sake  of  avoiding  those  difficulties  and  conflicting 
opinions  which  arise  out  of  the  attempts  to  define  com- 
bustion, we  here  use  it  only  in  its  ordinary  and  familiar 
acceptation.  It  will  fall  to  the  province  of  pure  che- 
nustry  to  provide  a  strict  definition  for  that  term,  and 
to  enter  upon  the  question  of  what  varieties  of  chemical 
action  are  truly  expressed  theieby. 

(154.)  Different  substances  enter  into  combustion 
at  different  temperatures ;  but  as  our  present  object  is 
to  consider  the  burning  of  bodies  as  a  source  of  heat, 
for  practical  application,  we  ought  to  know  something 
of  their  relative  powers  for  that  purpose.  On  this 
head,  however,  the  information  afforded  by  numerous 
experiments,  and  those  performed  by  very  distinguished 
philosophers,  is  by  no  means  so  satisfoctory  as  we  could 
desire.  Dr.  Crawford  attempted  to  estimate  the  heat 
evolved  during  the  combustion  of  given  weights  of 
certain  substances,  by  surrounding  them  with  water, 
and  estimating  its  increase  of  temperature,  (c.) 

(155.)  Lavoisier  and  Laplace  attempted  Uie  same 
thing  by  measuring  the  quantity  of  ice  melted  by  various 
substances  during  their  combustion.  These  experiments 
were  made  with  the  calorimeter  already  described.  To 
effect  this  purpose,  it  was  necessary  that  the  air  within 
the  cold  enclosure  should  be  changed,  being  partly 


absorbed  or  altered  by  the  combustion.  By  conduct-  C 
ing  the  process  in  an  atmosphere  not  much  above  zero^  ^^ 
the  introduction  of  a  fresh  quantity  of  such  air  will 
bring  no  sensible  accession  of  heat,  and,  consequenthf^ 
will  not  vitiate  the  results.  This  renewal  of  air  shoiim 
only  be  made  when  absolutely  necessary,  in  order  that 
ihz  air  confined  within  may  have  ample  time  to  part 
with  all  the  increase  of  temperature  which  the  com- 
bustion has  Communicated  to  it.  The  introduction  of 
fresh  air  is  easily  made  by  a  pair  of  common  bellowB» 
of  which  the  pipe  only  passes  into  the  chamber  of  the 
calorimeter,  the  valve  remaining  without.  We  nught- 
even,  for  greater  accuracy,  not  force  the  airnmmediatdy 
into  the  calorimeter,  but  previously  pass  it  into  a  coii*< 
fined  vessel,  surrounded  with  ice,  so  as  to  reduce  its  ^ 
temperature  actually  to  0^.  Another  tube  may  be 
employed  for  the  casual  emission  of  tlie  air  from  within. 
The  following  experiments  were  made  by  MM,. 
Lavoisier  and  Laplace  with  every  precaution.  The 
quantities  of  ice  melted  are  expressed  in  decimals  of 
the  French  pound. 

lb.  Ibfoflce. 

Combustion  of  1  of  hydrogen  gas  melted.  ...   312 

1  of  olive  oil    148.883 

1  of  white  wax 140.000 

1  of  phosphorus    100.000 

1  of  carbon 96.351 

1  of  lard    95.818 

1  of  sulphuric  ether 74.318 

Deflagration  of  1   of  saltpetre  with  1  of  sulphur  32.00 
1  of  nitre  with  0.3125  charcoal     12.00 

(156.)  In  the  same  manner  it  is  obvious  that  expe- 
riments may  be  conducted  for  ascertaining  the  beat 
communicated  to  air  by  the  respiration  of  animals,  (d.) 

(157.)  Count  Rumford,  in  a  similar  series  of  le-  Ri 
searches,  employed  for  a  calorimeter  a  metallic  vessel  cal 
filled  with  water  of  a  given  temperature.  This  vessri 
was  made  of  thin  sheet  copper,  8  inches  long,  4^  inches 
broad,  and  4j-  deep,  fig.  19.  The  interior  contained  a  Y^ 
worm  tube  of  the  same  material,  which  made  three 
horizontal  revolutions,  and  was  designed  for  the  recq>- 
tion  of  the  gaseous  products,  by  which  the  water  was 
to  be  heated.  This  circulating  tube  was  in  the  form  of 
a  flat  pipe,  half  an  inch  in  depth  throughout,  l^  wide 
at  the  mouth,  and  1  inch  at  the  other  orifice.  Hie 
mouth  consisted  of  a  circular  tube,  1  inch  in  diameter, 
and  1  inch  in  depth.  By  this  (which  also  extended 
upwards  into  the  worm  tube,  so  as  to  be  a  quarter  of  ao 
inch  above  its  bore)  the  products  entered.  The  other, 
extremity  of  the  tube  issues  vertically  near  the  edge  oC 
the  vessel,  opposite  to  the  one  where  the  products  enter* 
A  thermometer,  having  a  cylindrical  reservoir  in  lengtli 
equal  to  the  depth  of  the  calorimeter,  shows  at  all 
times  the  mean  temperature  of  all  the  contained  water* 
And,  lastly,  the  whole  apparatus  is  supported  by  few 
slight  pillars  of  dry  wood. 

Now  it  is  evident  that  if  we  bum  bodies  under  tiiA 
mouth  of  the  circulating  tube  the  gaseous  prodnda 
which  result,  and  even  the  air  heated  by  their  contact* 
will  rise  into  the  circulating  channel  of  the  apparaioa  ) 
and  there,  giving  up  the  excess  of  their  temperature 
above  that  of  the  surrounding  water,  will  elevate  it 
some  degrees.  In  order  that  this  operation  be  exact* 
it  is  essential  that  the  combustions  thus  produced  should 
be  complete ;  this  may  be  known  by  the  burning  body 
being  entirely  consumed,  with  a  clear  flame»  withoul 
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Heat,  mixture  of  ice  and  water,  so  as  to  be  entirely  covered, 
"— V^^  all  but  just  the  extremity  of  the  beak.  This  done,  the 
spout  is  uncovered  and  lighted,  and  afler  the  combustion 
has  continued  a  certain  time  the  lamp  is  extin^ished 
by  covering  up  the  spout  as  before.  But  in  order  that 
the  flame  may  not  grow  weak  during  combustion, 
which  would  render  the  process  much  more  slow  and 
imperfect,  it  is  necessary,  towards  the  beginning,  to 
admit  a  little  air  to  the  interior  by  removing  the  stopper 
A,  so  that  the  liquid  may  not  be  confined  by  the  action 
of  the  atmosphere  pressing  upon  the  orifice  of  the 
lamp.  This  requires  that  the  stopper  A  should  fit  into 
a  small  tube,  elevated  a  little  above  the  cooling  mixture. 
By  the  help  of  these  precautions,  Rumford  satisfied 


himself  that  he  obtained  complete  combustion,  by  this  < 
very  delicate  indication,  that  no  smell  was  perceptible,  v. 
The  process  completed,  and  the  lamp  closed,  it  is  re- 
moved, well  wiped,  and  again  weighed.  Thus  we  know 
the  loss  it  has  sustained,  that  is  to  say  the  mass  of 
liquid  consumed,  and  the  rest  of  the  calculation  proceeds 
as  in  the  former  example. 

In  the  following  table  are  collected  the  values  of  c' 
for  a  few  substances,  such  as  they  result  from  the  expe- 
riments of  Count  Rumford  and  MM.  Lavoisier  and 
Laplace.  They  are  expressed,  according  to  our  formula* 
in  degrees  of  the  centigrade  scale,  adopting  for  the 
unit  the  value  of  c  for  water. 


Substances. 

Rise  of  temperature  which 

the  combustion  of  1  gramme 

would  give  to  1  gramme  of 

water. 

Remarks. 

Hvdroiren  eras 

23400° 
11166 
9044 
10500 
9479 
9307 
8369 
7186 
8030 
7500 
7226 
7338 
6195 
5422 
5261 
3146 

L.L. 

L.L. 

R. 

L.L. 

R. 

R. 

R. 

L.L. 

R.        S.  G.  0.72834  at  20°. 

L.L. 

L.L. 

R.         S.  G.  0.82731  at  13> 

R.         S.  G.  0.817624^ 

R,         S.  G.  0.84714    Vat  15.5 

R.         S.  G.  0.85324  J 

R. 

Olive  oil 

Olive  oil 

White  wax    

White  wax 

Linseed  oil 

Lard 

Lard 

Sulphuric  ether   

Phosphorus 

Carbon 

Naphtha 

Alcohol.  42°  Ar 

Alcohol,  weaker 

Alcohol.  33°  Ar 

Oak  wood    

L.  L.  MM.  Lavoisier  and  Laplace.  R,  Count  Rumford.  The  latter  are  generally  the  lower.  May  not  this  be  because  the  calorimeter 
of  ice  absorbs  all  the  heat  disengaged  even  by  radiation,  while  that  portion  is  lost  to  all  other  processes  ? 

MM.  Clement  and  Desormes  found  that  woods  only  heat  in  proportion  to  the  quantity  of  carbon  which  they  contain ;  this  in  all  beinr  m 
to  half  their  weight,  gives  also  nearly  3600^  of  heat.  As  Runiford  obtained  a  less  number  for  oak,  may  it  not  be  accounted  for  by  theloM 
of  the  radiant  heat  ? 


If  we  divide  the  numbers  in  this  table  by  100,  we 
obtain  the  number  of  grammes  of  water  at  0°  which  1 
gramme  of  each  substance  will  boil  by  its  combustion ; 
and  if  we  divide  by  75,  we  obtain  the  number  of 
grammes  of  ice  at  0°  which  that  combustion  will  melt 

(160.)  Mr.  Dalton's  researches  were  principally 
directed  towards  the  gaseous  bodies.  A  bladder,  which 
would  hold  30000  grains  of  water,  was  filled  with  the 
gas,  and  fitted  with  a  tube  and  stop-cock.  A  tin  vessel, 
holding  the  same  quantity  of  water,  was  provided,  and 
its  capacity  for  heat  estimated,  and  then  as  much  water 
added  for  a  correction  as  might  make  the  specific  heat 
of  the  vessel  and  water  togeUier  exactly  equivalent  to 
that  of  30000  grains  of  water.  The  gas  was  sufiered 
to  issue  fit)m  the  bladder,  and  burned  with  its  flame 
applied  to  the  bottom  of  the  vessel.  The  heat  evolved 
was  measured  by  a  thermometer  placed  in  the  water. 
In  this  process  some  little  heat  would  bo  lost  by  radia* 
tion.  and  by  the  currents  of  heated  air  passing  the  tin 
vessel.  (/.) 


(161.)  This  subject  occupied  the  attention  of  Sir  H. 
Davy  also,  during  the  course  of  his  admirable  researcheft 
on  flame.  A  copper  vessel  was  provided,  holding  olive 
oil  previously  raised  to  the  temperature  of  212^  Fab* 
renheit,  for  the  purpose  of  avoiding  the  possible  inter- 
ference of  aqueous  vapour  condensing  upon  the  vessci* 
A  thermometer  was  placed  in  the  oil,  and  the  flame  of 
the  burning  gas  issuing  from  a  platinum  jet,  connected 
with  the  gas-holder,  was  suffered  to  play  upon  the  bot* 
tom  of  the  copper  cup  containing  the  oil.  Thus  tte 
elevation  of  the  temperature,  and  the  quantities  of  eacb 
gas  consumed  in  a  given  time  were  known ;  and  firom 
the  latter  the  quantity  of  oxygen  gas  consumed  could 
be  obtamed  by  calculation.  Upon  these  two  data  Sir 
Humphry  calculated  the  relative  heating  power  of  ttie 
series  of  g^es  which  he  examined. 

All  the  gases  issued  as  nearly  as  possible  under  thU 
same  pressure,  and  equal  intervals  of  time  were  ein« 
ployed  for  each  experiment. 

The  following  table  exhibits  the  results : 


HEAT. 


'26y 


Substances. 

Rise  of  thertnomeier 
from  ^IS'', 

Increment  of  heat 
in  tiegreei  of  Fah- 

Oxygeo  GUQinmed. 

Ratios  or  heating 
|»ow«fr. 

Olefiaut  gtkS  »  *  ♦ 

270^ 

238              1 

236 

232 

218 

5b*J 

26 
24 

20 
6 

6.0              , 

LO 

3.0 

4.0 

1,0 

9.66 

26.00 

em 

6.00 

Hvdroireii  cas 

Sulphuretted  hydrogen    , . 
Coal  ^s ♦ 

Carbonic  oxide 

Cbap.  IL 


It  is  remarked,  however,  by  Sir  Hiirapbry.  that  these 
ra^trios  can  only  he  considered  as  approximations  to  the 
truth  ;  as  there  are  unavoidable  sources  of  inaccuracy 
IE)  the  experiments.  For  instance,  charcoal  was  depo- 
sited upon  the  hottom  of  the  vessel,  both  from  coal 
gns  and  from  the  olefiant  gas,  and  sulphur  from  the 
sulphuretted  hydrogen*  (g.) 

It  has  been  stated  by  MM.  Clement  and  Desormes, 
that  the  ditlerenl  heats  ppven  out  during  the  combustion 
of  ▼mrious  woods,  are  in  the  direct  ratios  of  the  quan- 
tities of  charcoal  which  they  contain  respectively. 

(162.)  A  general  tabular  \ievv  of  the  results  of  La- 
voisier, Crawford,  DaHon,  and  Rumford,  is  given  in  the 
Appendix  from  Dr.  Ure,  No.  I X.  For  Count  Rumfor(!'s 
results,  referring  to  different  woods,  we  can  only  again 
mention  hih  own  vcr^^  elahorate  papers,  (e.) 

(1630  It  is  not,  however,  to   these  slight  variations 

in    tlie  calorific  etTects  of  combustible  bodies  diat  we 

look    for  ordinary  practical  apphcations  ;    but  to   the 

varied  construction  of  furnaces,  by  which  economy  of 

fuel,  or  some  certain  convenience  of  its  disposition  for 

producing  rapid  combustion,    is  obtained.     On   these 

points  see  Fuhnace,  in  tlie  Article  on  the  applications 

of  Science  to   the    Arts,     For  another  very  powerhil 

source  of  applied  heat,  see  the  Article  Blowpipe  in  the 

Miscellaneous  Division  of  this  Work. 

(164.)  Such  are  the  means  resorted  to  for  the  heating 
of  bodies,  a  process  of  constant  occurrence  in  the  arts, 
and  essential  in  producing  many  of  the  comforts  of 
civilized  hfe.  But  for  experimental  research  it  is  fre- 
quently desirable  to  produce  reduction  of  temperature 
f**"  Inflow  that  degree  of  cold  which  may  he  inci- 
dental to  the  season  of  the  year,  or  to  other  adventitious 
•^fcumyiances  under  which  the  experiments  may  be 
made.  Thus  we  are  led  to  a  description  of  what  are 
^Hed  freezing  mixtures,  and  on  this  head  we  shall 
Pfiticjpully  follow  the  details  of  Dr.  Murray,  adding  the 
lables  uf  Professor  Thomson,  which  were  communicated 
^^^  Utn  by  Mr.  Walker. 
•5  (165.)  Tlie  principal  ingredients  of  freezing  mixtures 
'^  ''alts,  man)  of  which  in  dissolving  in  water  produce 
J'o^isiderable  cold.  By  adding  nitre  to  water,  in  as 
^^e  a  quantity  as  can  be  dissolved,  the  temperature  is 
*^^luced  17  degrees;  and  by  dissolving  muriate  of  ain- 
®onia  in  the  same  way,  26  or  2B  degrees.  Nitrate  of 
^r^ionia  in  fine  powder,  added  to  an  eqmd  weight  of 
y^'^r,  in  dissolving  reduces  the  temperature  from  bO^ 
9}  *''Qhrcnheit  to  4*^ ;  and  three  parts  of  muriate  of 
""^^»  added  to  two  of  water,  siuk  it  from  36»  to  —  P, 
A^  Water  though  saturated  wilh  one  sab,  will  dis- 


solve a  portion  of  a  second,  and  even  of  a  third,  it 
is  possible,  by  adding  two  or  more  salts  to  water,  to 
obtain  a  greater  cold  than  from  the  solution  of  one. 
By  this  method  Mr.  Walker  produced  degrees  of  cold 
which  before  had  not  been  obtained  without  the  assis- 
tance of  ice.   (/,) 

When  salts  are  dissolved  in  acids  more  or  less 
diluted,  still  more  intense  degrees  of  cold  are  prodivced, 
owing  to  the  solution  proceeding  more  rapidly.  Sul- 
phate of  soda  added  to  nitrous  acid,  diluted  with  one 
part  of  water,  produces  a  fall  of  teuiperatiu'e  from  b\  to 
—  1,  and  so  of  many  others. 

It  has  long  been  known  that  ice  or  snow  added  to 
acids  dissolves  (|iiickly,  and  during  its  solution  produces 
considerable  cold.  This  was  remarked  by  Boyle^  and 
by  persevering  in  such  methods,  mercury  was  first  frozen 
by  Braun  at  8 1.  Petersburg.  fA'.)  According  to  Lowit^^ 
when  the  acids  are  undiluted  the  muriatic  is  most  efTec- 
tuah  (/.)  The  most  powerful  of  these  mixtures  are» 
however,  composed  of  snow  or  ice  mixed  with  solid 
salts,  and  by  these  verj' great  reductions  of  temperature 
are  obtained. 

"  In  conducting  the  process  of  artificial  refrigeration^ 
a  number  of  circumstances  require  to  be  attended  to,  in 
some  measure  varied  according  to  the  kind  of  freezing 
mixture  that  is  to  be  used.  In  obtaining  cold  from 
the  solution  of  salts  in  water^  or  in  acids,  it  is  necessary 
that  the  salts  should  be  fresh  cry.staliized,  neither 
efllorescent  nor  humid,  and  reduced  to  fine  powder ; 
the  material  ought  to  be  quickly  and  thoroughly  mixed; 
die  vessel  shcjuld  be  just  large  enough  to  contain  the 
mixture;  and  the  vessel  in  which  the  substance  to  be 
subjected  to  refrigeration  is  container!,  ought  to  be  of 
glass,  and  thin*  In  employing  mixtures  of  snow  with 
acids  or  salts,  the  snow  should  be  loose,  dry,  and,  if 
possible,  newly  fallen;  the  quantities  of  materials 
should  he  mixed  at  once  in  due  proportion,  and  as 
quickly  as  possible.  If  muriate  of  lime  be  employed  it 
sliould  be  dry  and  in  fine  powder.  Lowitz  and  Walker 
both  direct  that  it  should  be  in  that  state  in  which  it  is 
crystallized  with  the  largest  quantity  of  water  of 
crystallization,  by  putting  its  solution  to  cool,  when  of 
the  density  of  1.5  or  1.53.  In  cooling  the  materials, 
where  this  is  requisite,  they  ought  to  be  put  into  sepa- 
rate glass  or  tin  ves»els,  placed  in  a  freezing  mixture  of 
tlie  requisite  power;  btU  care  must  be  taken  not  to 
cool  thc^m  beyond  that  point  at  which  they  act  upon 
each  other;  or,  in  other  words,  near  to  that  at  which 
the  liquid  resultmg  from  their  mutual  action  congeals* 
Lastly,  the  due  proportion  of  the  ingredients  shuuld  be 
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HoaL  observed ;  for  any  considerable  excess  of  either,  merely 
'  communicates  caloric  to  the  mixture  during  refirigeration 
and  so  far  diminishes  the  effect." 

The  phenomenon  of  freezing  mixtures  was  explained 
by  Irvine,  (m)  on  the  general  principle  of  the  absorption 
of  caloric  which  attends  the  rapid  liquefaction  of  the 
materials,  arising  out  of  their  chemical  action  ;  and  is 
ultimately  to  be  referred  to  the  enlargement  of  capacity 
consequent  on  that  change  of  form ;  the  cold  produced 
being  greater  as  the  capacity  is  more  enlarged. 

"  Thus  we  may  in  some  measure  predict  what  sub- 
stances are  best  fitted,  by  their  mutual  action,  to  pro- 
duce cold  ;  what  degree  of  cold  may  be  expected  firom 
their  mixture  in  any  given  case ;  what  will  be  the 
maximum  of  refrigeration ;  and  what  will  be  the  best 
proportions  of  the  materials  to  obtain  that  maximum. 

**  It  is  obvious  that  those  substances  will  produce 
the  greatest  cold,  which  by  mutual  action  produce  the 
most  rapid  solution ;  which,  during  that  solution,  suffer 
the  greatest  augmentation  of  capacity ;  and  whidi  form 
a  solution  that  at  low  temperatures  remains  liquid. 
There  is,  perhaps,  no  individual  mixture  in  which  all 
these  circumstances  are  present  to  the  greatest  extent ; 
yet  the  knowledge  of  them  enables  us  to  point  out  the 
respective  powers  of  the  different  mixtures  which  are 
employed. 

"  Thus,  in  the  solution  of  a  salt  in  water,  there  is 
merely  the  gradual  transition  of  the  solid  to  the  fluid 
form ;  hence,  the  cold  produced  is  not  considerable. 
When  two  salts  are  mingled  together,  these,  by  their 
reciprocal  action,  both  accelerate  the  solution  of  each 
other,  and  enable  a  given  quantity  of  water  to  dissolve 
a  greater  quantity ;  as  more  solid  matter,  therefore, 
passes  to  the  fluid  state,  and  passes  more  quickly,  a 
greater  portion  of  caloric  is  absorbed,  and  a  greater 
degree  of  cold  is  produced.  The  attraction  of  acids  to 
Tater,  or,  to  state  it  more  correctly,  to  the  solid  matter 
of  water,  is  strong,  and  their  mutual  action  is  ener- 
getic ;  ice  too  is  a  substance  which,  in  its  transition  to 
fluidity,  suflfers  a  very  considerable  augmentation  of 
capacity  ;  hence  it  may  be  concluded,  what  experiment 
proves  to  be  just,  that  from  the  action  of  acids  on  snow 
or  ice,  a  great  degree  of  cold  will  arise.  Lastly,  in  the 
mixture  of  two  solid  substances,  which  by  mutual  action 
pass  to  fluidity,  the  enlargement  of  capacity  must  be 

rater,  and  a  greater  diminution  of  capacity  produced, 
is  so,  in  fact ;  at  the  same  time  there  is  a  limit 
placed  to  it,  from  two  solids  acting  with  greater  slowness 
than  a  solid  and  fluid  do  ;  the  transition  to  fluidity  is 
therefore  more  gradual,  and  the  caloric  not  so  rapidly 
absorbed.  Hence  the  cold  which  is  produced  in  these 
cases  is  not  equal,  as  Blagden  observed,  to  the  cold 
arising  from  the  solution  of  the  salt  in  water,  added  to 
the  cold  that  would  also  arise  from  the  sudden  lique- 
faction of  the  ice.  This  is  the  reason  why  mixtures  of 
acids  with  snow  or  ice  are  oi^en  equal  to  the  mixtures 
with  solid  salts ;  because,  although  in  the  latter  case 
more  matter  passes  to  the  fluid  form,  in  the  former  a 
given  quantity  is  liquefied  more  rapidly.  And  those 
salts  which  produce  the  greatest  cold  are  those  which 
exert  the  strongest  attraction  to  water,  and  act  on  it 
most  rapidly,  as  potash  and  muriate  of  lime. 

"  There  is  another  principle  to  be  attended  to,  which 
in  these  mixtures  modifies  the  quantity  of  caloric 
absorbed  from  the  liquefiu^ion.  Although  the  indirect 
consequence  of  the  chemical  action  between  the  sub- 
stances mixed  is  absoiption  of  the  caloric,  in  conse- 


quence of  the  liquefaction  it  occasions,  yet  its  direct  Qkt 
tendency  is  to  evolve  caloric  by  the  increase  of  density  S*^ 
which  it  occasions,  independent  of  change  of  (brm. 
Hence  two  effects  arise  fi'om  the  mutual  action  of  the 
ingredients  of  Q^zing  mixtures ;  evolution  of  caloric, 
as  the  result  of  the  combination,  and  absoiption  of 
caloric,  as  the  result  of  the  liquefaction  to  which  the 
combination  gives  rise ;  and  the  ultimate  effect  is  com- 
pounded of  these,  so  that  the  actual  change  of  tempe- 
rature is  only  the  excess  of  one  over  the  oUier. 

*'  It  may  even  happen,  that  the  one  shall  exactly  coun- 
terbalance the  other;  of  this  is  an  example  in  the 
solution  of  sulphate  of  soda  in  alcohol,  which  produces 
neither  heat  nor  cold ;  or,  it  may  happen,  that  the  heat 
from  condensation  shall  exceed  the  cold  from  liquefoc- 
tion,  as  in  the  solution  of  potash  in  water.'* 

The  general  principle  now  stated  is  exemplifie4  in 
the  action  of  acids  on  ice,  and,  as  applied  to  Uils  case» 
is  clearly  stated  by  Laplace :  "  If  the  mixture  of  an 
acid,  with  a  given  quantity  of  water,  produce  heat ;  iq 
mixing  that  acid  with  the  same  quantity  of  ice,  it  will 
produce  heat  or  cold,  according  as  the  heat  which  re^ 
suits  from  its  mixture  with  water  is  more  or  less  con* 
siderable  than  that  which  is  necessary  to  melt  the* 
ice."   (n.) 

On  this  principle  many  of  the  facts  connected  with 
the  operation  of  fi^ezing  mixtures  are  explained.  Thus 
we  perceive  why  concentrated  sulphuric  acid  poured  on 
snow  or  ice  produces  at  first  heat  instead  of  cold ;  tfie 
action  is  so  energetic,  that  the  caloric  evolved  from  the 
combination  is  superior  to  what  is  absorbed  by  the 
liquefaction.  But  when  the  acid  is  combined  with  a 
portion  of  water,  its  affinity  being  thus  weakened,  its 
action  is  less  energetic,  and  less  augmentation  of  tem- 
perature attends  their  union.  Hence,  in  the  progpreflB 
of  the  experiment  in  which  the  concentrated  add  is 
poured  on  snow,  although  heat  is  at  first  produced  it  ia 
soon  succeeded  by  cold ;  or  if  the  acid  has  been  pre- 
viously diluted  with  a  portion  of  water,  it  will,  when 
added  to  the  snow,  immediately  produce  cold.  Even 
nitric  acid,  as  Cavendish  observed,  produces  at  first  a 
degree  of  heat  when  added  to  snow ;  but  when  diluted 
with  one-fourth  of  water,  it  immediately  occasions  cold. 
The  requisite  dilution  is,  therefore,  less  in  nitric  than 
it  is  in  sulphuric  acid,  and  it  is  still  less  in  muriatic ; 
and  we  perceive  the  reason  of  this, — these  acids  evolv. 
ing  less  caloric  when  they  combine  with  water  than 
sulphuric  acid  does,  and  therefore  counteracting  leas 
the  cold  from  the  liquefaction.  And,  lastly,  if  the 
dilution  of  the  acid  be  carried  too  far,  its  attraction  may 
be  so  much  weakened,  that  its  action  on  the  snow  will 
be  feeble,  the  liquefaction  will  be  slowly  performed,  and 
no  great  cold  will  be  occasioned. 

In  the  other  kind  of  freezing  mixtures,  there  can  be 
no  doubt  that  the  same  circumstance  operates.  TTie 
heat  from  combination  always  counteracts  the  cold  fix}m 
liquefaction  ;  it  is  only  the  excess  that  prevails,  and  in 
no  case  is  the  whole  reduction  of  temperature  that 
would  arise  from  the  liquefaction  of  the  quantity  of 
matter  employed,  obtained.  This  explains  the  fact, 
that  crystallized  salts  produce  more  cold  than  the  same 
salts  deprived  of  their  water  of  crystallization  5  as  by  its 
presence  the  mutual  action  of  the  salt  and  the  substance 
mixed  with  it  is  rendered  le^  energetic,  and  theretore 
less  heat  is  evolved  from  the  combination ;  and,  pio- 
bably,  water,  in  becoming  liquid,  suffers  a  greater 
enlargement  of  cnpacity  than  a  salt  does ;  which  will 
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the  inaectiracy  of  tlie  preceding'  law,  and  had  endea- 

'^^  vmired  to  substitute  for  it  another,  in  which  the  loss  of 
heat   increased  more  rapidly  than   by  the  Newtonian 
law.      Entleben    (tf)    proved    equally^    by   very    acute 
observation,  that   the   deviation   of  the  sypposed    law 
increases  niore  and  more,  as  wc  consider  greater  dilfe- 
tences  of  temperatures  ;  and  concludes,  that  we  should 
fidl  into  very  ^reat  errors,  if  we  extended  the  law  much 
beyond  the  temperature  at  which  it  has   been  verified. 
This  very  just  remark   of  Erxleben,   as   well   as  his 
memoir,  seems  to  have  escaped  the  attention  of  philo- 
sophers :    for  in  all    posterior    remarks    on   the   same 
subject,  the  law  of  Newton  has  been  presented,  not  as 
an    approximation,   but   as   a    rig^orous    and    constant 
truth.     Thus  Mr  Leslie,  (e)  in  his  ingenious  researches 
on  beat,  has  made  this  law  ihe  base  of  several  deter- 
ni illations,  which,  from  that  very  cause,  are  inaccurate, 
^^  we  sha!l  prove  in  the  sequel. 

Soon  afler  the  publication  of  Mr,  Leslie's  code,  Mr, 
t>aUon  made  known,  in  h»»  new  system  of  Chemical 
I^ilosophy,  a  series  of  experiments  on  the  cooling  of 
bodies  raised  to  a  very  hiir-h  temperature.     The  result 
of  these  experiments  shows  evidently  tliat  the  law  of 
Richmann   is  only   an  approximation  at  low  tempera- 
tures, and  that  it  is  quite  inaccurate  at  hif^h  tempera- 
tures,    Mn  Dal  ton  instead  of  seeking  to  represent  his 
observations  by  a  new  law,  endeavoured  to  reestablish 
the  law  of  Richmann,   by   substituting-  for  the  usual 
ihermometric  scale  the  one  which  he  founded   on  the 
notion  that  the  dilatation  of  all  liquids  is  subjected  to 
the  same  law.     But  even  supposing  the  accuracy  of  the 
pdnciples  of   this  new  scale  to  have  been  established, 
we  should  be  under  the   necessity  of  acknowledging, 
^at  it  does  not  satisfy  the  condition  of  rendering;  the 
108^  of  heat  in  a  body  proportional  to  the  excess  of  its 
temperature  above  that  of  the  surrounding-  air  ;  or,  in 
[ther  words,  that  it  does  not   reestablish  the  law  of 
chmann;  for  before  this  could  happen,  it  would  be 
cessary  that  the  law  of  cooling  should  be  the  same 
^^  all  bodies,  and  otir  experiments  prove  the  contrar)\ 
The  last  experiments  undertaken  on  this  subject,  are 
"*05e  which  Laroche  has  inserted  in  his  memoir,  relative 
***  some  properties  of  radiant  heat.     He  establishes, 
^niong*  other  propositions,   that  the  quantity  of  heat 
*"ich  a  hot  body  gives  off  in  a  given  time,  by  way  of 
idiation  to  a  cold  body  situate  at  a  distance,  increases, 
ler  things  being  equal*  in  a  progression  more  rapid 
^^  the  excess  of  the  temperature  of  tlie  first  above 
^at  of  the  second. 

This  proposition  is  evidently  for  radiation*  the  equi- 
7*^«nt  of  that  of  Mr.  Dalton  for  the  total  cooling  of  a 
5*^y  in  the  air ;  but  Laroche  has  only  presented 
"Elated  facts,  and  has  not  sought  for  the  law  on 
^hich  they  depend.  We  shall  see  hereafter  that  the 
*^**ulU  are  complicated  by  the  action  of  particular 
^Uses»  from  which  it  would  be  necessary  to  disengage 
*^*m^  in  order  to  arrive  at  the  law  of  cooling  in  a 
Vacuum,  which  is  not  the  same  case  els  that  of  ordinary 
^^diation* 

Thus  the  labours  of  philosophers  on  the  laws  of 
^^oling^,  have  been  hitherto  eonfined  to  showing  that 
w  law  of  Newton  is  a  sufficient  approxi miction  at  low 
^oiperaiure,  but  that  it  deviates  further  and  fiirther 
^^  the  truth  as  the  difference  between  the  tcmpera- 
^^  increases. 
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««i  (he  concise  history  of  these  labours,  we  have 


^tx^nUoned    the    mathematical    researches   of    M. 


Fourier,  on  the  laws  of  the  distribution  of  heat,  the  Chap,  nr. 
reason  is,  that  all  the  results  of  his  analysis  are  deduced  «*-.^.^^^ 
from  the  law  of  Newton,  admitted  as  a  truth  founded  on 
observation,  while  the  sole  object  of  out  experiments 
is  to  discover  the  law  that  otight  to  be  substituted  for 
it.  But  the  very  remarkable  con?^q«ences  to  which 
this  profound  mathematician  has  been  led,  will  preserve 
all  their  precision  in  the  circumstances,  and  within  the 
limits  in  which  the  Newtonian  law  is  true,  and  to  ex- 
lend  them  to  other  cases,  it  will  be  sufficient  to  modify 
Qwm  conformably  to  the  new  laws  which  wc  shall 
establish* 

On  Cooling  in  general, 

Wien  a  body  cools  in  a  vacuum,  its  heat  is  entirely 
dissipated  by  radiation.  When  it  is  placed  in  air,  or 
in  any  other  fluid,  its  cooling  becomes  more  rapid; 
the  heat  carried  off  by  the  fluid  being  in  that  case 
added  to  that  which  is  dissipated  by  radiation.  It  is 
natural,  therefore,  to  distinguish  these  two  effects  :  and 
as  they  are  subject  in  all  probability  to  different  laws, 
they  ought  to  be  studied  separately.  We  shall  examine 
then  successively  the  laws  of  cooling  in  a  vacuum  and 
in  elastic  fluids. 

But  as  the  plan  which  we  have  followed  in  each  of 
these  researches  is  founded  on  the  same  principles,  it 
will  be  proper  to  explain  these  principles  in  the  first 
place. 

The  most  simple  case  of  cooling,  will  be  that  of  a 
body  of  so  small  a  size  that  we  may  suppose  at  every 
instant  all  its  points  at  the  same  temperature.  But  to 
arrive  at  the  object  which  we  proposed,  the  discovery 
of  the  elementary  law  of  cooling,  it  would  have  been 
an  nseless  complication  to  the  question,  and  would  have 
rendered  it  almost  incapable  o(^  solution  to  have  ob- 
served, in  the  first  place,  the  rate  of  cooling  in  solid 
bodies  ;  because  in  that  case  the  phenomenon  inclndes 
an  additional  element,  namely,  the  interior  distribution 
of  the  heat*  which  is  a  function  of  the  conduct ibility. 
Obliged  by  the  nature  of  the  problem  to  have  recourse 
to  liquids,  the  mercurial  thermometer  itself  appeared 
to  lis  the  body  best  adapted  for  these  experiments.  But 
as  it  is  necessary  to  be  able  in  observations  at  high 
temperatures  to  give  to  the  body  on  which  the  experi- 
ment is  made  such  a  size  that  the  cooling  shall  not 
be  too  rapid  for  following  its  rate  with  accuracy,  it  was 
necessary,  in  the  first  place,  to  examine  what  influence 
the  greater  or  smaller  mass  of  liquid,  conta,ined  in 
the  bulb  of  the  thermometer,  had  upon  the  law  of 
cooling.  It  was  not  less  important  to  examine 
whether  that  law  depends  on  the  nature  of  the  liquid, 
or  on  the  nature  or  form  of  the  vessel  in  whkh  it  is 
contained. 

These  first  comparisons  were  the  object  of  a  series 
of  experiments  which  we  shall  state,  after  having  ex- 
plained the  uniform  mode  of  calculation  which  we 
always  employed,  in  order  to  render  our  results  more 
easily  comparable. 

Suppose  we  observe  at  given  intervals  of  time,  every 
minute  for  example,  the  excess  of  temperature  of  a 
body  above  the  surrounding  medium,  and  that  for  the 
times  0,  l'  2^  3',  &c,  ,  , , .  ^  the  excesses  arc  A,  B» 
C T, 

If  the  law  of  geometrical  progression  held  good,  we 
should  have  B  =  A  m,  C  ^  A  m  •,  m  being  a  fraction 
whi ch  woul d  be  d i ffe ren t  f o r  d i fferen t  subst a n ces,  Th i a 
2o 
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^£xc«!i  of  iilt 
temperature 
of  Ihe  body. 

VelooHy  of 
cooling  of 
mercury. 

Velocity  of 
tooling  of 
ftb  white        1 
ak^iiot. 

Ratio     of 
thcue  vclo- 
ctiitn. 

60* 

30 

iO 

1.R9** 
1.36 

0.87 

I. SO'' 

LU9 

0.69 

0.79S'' 

0.801 
0.794 

JExeev  of  the 

letiipcisLture 

'      of  ilie  body. 

Velocity  of 
cooling   of 
mercury. 

Velocity  of 
cooIiDg^  of 
sutpburic 
acid. 

Ratio     of 
these  vck>- 
cities. 

60^ 
50 
40 
,          30 

3.03^    ; 

2.47 
1.89 
1.36 

1.97^      ; 

1.59 

1.22 

0.89 

0.650" 
0.649 
0.646 
0.654 

THc  ratios  inserted  in  the  !aat  colunins  of  these  tables 
akow'  us  that  the  law  of  cooling-  is  ihe  same  for  the  four 
liquids  compared ;  for  the  small  irregirulanties  in  ihesc 
ntjos  proceed  evidently  from  uncertainty  in  the  obser- 
mionsL.  and,  besides,  to  make  them  disappear,  it 
would  be  sufficient  to  alter  the  values  of  ihe  \elocities 
observed,  by  quantities  which  scarcely  atnount  to  the 
Iwndredtb  of  a  deg^ree. 

Now  if  liquids  so  different  m  their  nature,  their 
density,  and  their  fluidity,  exhibit  laws  of  coolin|T"  ab- 
solutely similar,  is*  it  not  nutnral  to  draw  the  sanie 
conclusion  to  whidi  we  were  already  led  by  a  com- 
parison of  the  coolin^f  of  unequal  masses  ?  That,  within 
^  limits  of  our  observations  ihe  cooling  of  a  liquid 
nwiB  is  subject  to  the  same  law^  ns  a  body  of  inde- 
finilely  small  dimension.  It  remains  now  to  examine 
*^*  influence  of  the  nature  and  shape  of  the  vessel. 

We,  in  the  first  place,  compared  the  coolinfr  of  two 

t^ip^^eres,  the  one  of  glass,  the  otber  of  tin  plale,  both 

tiled   with    water.     (The   diameter   of  the    (in    plate 

^heie  was   a  little  greater   than   that   of   the   g^lass 


ItwBtn  of  the 

Velocity  of 

Velocityof  cool- 

Ratio    of 

tfin|>eFatare 

cooling  of  the 

ing  of  the  tio 

these  velo- 

of llie  body. 

glass  sphere 

plate  sphere. 

cities. 

eo"* 

L39" 

0.90° 

1.54** 

50 

L13 

U.73 

1.55 

40 

0.B5 

0.54 

1.57 

30 

0,62 

0.38 

1.63 

20 

0.37 

0.21 

1.76 

Here  the  ratios  in  the  fourth  column  vary  always  the  Cbtp.  IIT. 
same  way,  and  show  us  that  the  law  of  cooling-  is  more  '^-•^v'"*^ 
rapid  in  the  tin  plate  sphere  than  in  the  ^lass  sphere. 
Mr.  Leslie  obtained  the  same  result,  which  he  has 
^neralized  by  admitting  that  this  law  changes  with 
the  tiature  of  the  body,  and  that  it  Is  most  rapid  in 
those  bodies  which  radiate  least.  This  proposition  is 
true  in  the  portion  of  the  scale  to  which  Mr.  Leslie's 
experiments  were  confined  ;  but,  by  a  verj'  remarkable 
casualty,  the  contrary  effect  takes  place  at  high  tcmpe- 
ratnres,  so  that  when  we  compare  the  laws  of  cooling 
of  two  bodies  with  different  surfaces,  that  of  the  two 
laws  which  is  most  rapid  at  the  lower  part  of  the  scale 
becomes  the  least  rapid  at  higli  temperatures.  Thus, 
in  the  series  given  above,  the  ratios  inserted  in  the  last 
column  diminish  in  proportion  as  we  consider  greater 
excesses  of  temperature  ;  but  they  would  again  aug- 
ment if  we  were  to  extend  the  series  further  ;  and^  as 
is  the  case  with  all  quantities  winch  change  tlieir  sig^n, 
these  ratios  remain  nearly  the  same  during  a  consider- 
able extent  of  the  thermometric  scale.  This  is  one  of 
the  most  important  points  of  the  theory  of  cooling. 
If  we  do  not  deceive  ourselves  respecting  tlie  accuracy 
of  our  observations,  a  verj  simple  explanation  will  be 
found  itk  the  subsequent  part  of  this  memoir  of  this  re- 
markable fact,  which  can  only  be  observed  by  making 
experiments,  as  we  have  d(uie,  on  the  cooling  of  bodies 
raised  to  a  high  temperature. 

It  is  because  thoy  did  not  follow  this  plan  that 
Messrs.  Dal  ton  and  Leslie  have  obtained  such  inaccu- 
rate results  respecting  this  question.  The  first  led 
away,  without  doubt,  by  the  notion  that  the  law  of 
Hichmann  is  verilied  in  his  thermometric  scale,  and 
not  having  compared  the  cooling  of  different  surfaces 
for  a  sufficiently  large  interval,  has  been  led  to  suppose 
that  the  law  of  cooling  is  the  same  in  all  bodies.  And 
Mr.  Leslie,  who  had  remarked  that  the  law  changes 
with  the  nature  of  the  surface,  not  having  included  in 
his  experiments  temperatures  sufficiently  higlu  con- 
cluded that  the  difference  which  he  observed  always 
increases  as  we  advance  in  the  thermometric  scale. 
This  has  led  him  to  consequences  very  far  from  the 
truth,  respecting  which  we  shall  liave  occasion  to  make 
observations  in  the  sequel.  Wr^  shall  merely  remark^ 
in  expressing  our  sui-prise,  that  Mr.  Leslie^  whom  the 
influence  of  the  nature  of  the  body  on  the  law  of  cool- 
ing did  not  escape,  and  who  had  concluded  in  conse- 
quence that  the  law  of  Richmann  must  be  inaccurate, 
has  nevertheless  made  use  of  this  in  most  of  his 
experiments.  We  terminate  these  preliminary  researches 
by  examining  the  cooling  of  water  in  three  vessels  of 
tin  plate  of  the  same  size. 

The  first  spherical ;  the  second  cylindrical,  having  a 
height  equal  to  twice  the  diameter  of  its  base ;  and  the 
third  likewise  cylindrical,  but  having  a  height  equal  to 
half  its  diameter. 


Velocity  of 

Velocity  of 

Velocityofcool* 

Ratio  of  colli  mo 

Ratioofrolurnu 

cooling  of  the 

cooling  of  tbe 

ii^g  of  the  se* 

three  tocolumo 

four  to  colurao 

tetDper&tufe. 

fphere. 

first  cylinder. 

coud  cyfiader. 

two. 

two. 

60^ 

0.90 

1.11 

l.io 

;       1.23 

1.12 

50 

0.73 

0.89 

0.80 

1.22 

1.10 

40 

0.51 

0.66 

0.60 

L22 

1.11 

30 

0.3S 

0.47 

0.43 

1.23 

1.13 

20 

0.21 

0.26 

0.23 

1.24 

1.10 

J»o2 
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Heat      law  never  holds  exactly,  especially  when  the  temperatures 

"V^^  A,  B,  C,  are  high.     But  it  is  clear,  that  we  may  always 

represent  a  certain  number  of  the  terms  by  an  expression 

of  the  form  Am*'"*'^',  by  determining  pn^riy 
the  coefficients  tn,  a,  p^  and  by  means  of  that  for- 
mula, we  may  calculate  very  nearly  the  value  of  the 
time  ^  corresponding  to  any  excess  of  temperature  T, 
provided  that  this  excess  be  comprehended  in  the  por* 
tion  of  the  series  which  has  served  for  interpolation. 

This  same  expression  gives  us  the  means  of  deter- 
mining the  rapicQty  of  cooling  corresponding  to  each 
excess  of  temperature ;  that  is  to  say,  the  number  of 
degprees  which  the  temperature  of  a  body  would  sink 
in  a  minute,  supposing  the  rate  of  cooling  uniform 
during  that  minute,  we  have,  in  fact,  for  that  velocity, 

^  =  (logm).T.(a  +  «i80 

This  quantity  must  always  exceed  the  real  loss  of  tem- 
perature during  the  time,  since  the  rapidity  of  cooling 
diminishes  during  its  whole  duration,  how  short  soever 
it  may  be.  It  was  not,  as  may  easily  be  conceived, 
to  correct  the  small  difference  of  which  we  have  just 
spoken  that  we  employed  this  process.  But  it  is 
obvious,  that  when  a  series  is  divided  into  several  parts, 
represented  each  by  empirical  formulee,  which  corres- 
pond, as  exactly  as  possible,  with  the  numbers  observed, 
the  velocity  of  cooling  deduced  from  these  formula 
for  the  different  excesses  of  temperature,  are  always 
free  from  the  uncertainties  and  inaccuracies  which  the 
crude  results  of  the  observations  present. 

Let  us  return  now  to  the  first  comparison,  of  whidi 
we  spoke  a  little  ago,  and  for  this,  let  us  examine  how 
the  velocity  of  cooling  has  varied  in  the  three  series, 
the  calculated  results  of  which  are  contained  in  the 
following  table : 


Excess  of  tem- 
perature above 
the  air. 

Velodiy  of 
cooling  of  the 
thermoroeter  A 

Velocity  of 
cooling  of  the 
thermometer  B 

Velocity  of 
cooling  of  the 
thermometer  C 

1000 

18.920 

8.970 

5.000 

80 

14.00 

6.60 

8.67 

60 

9.58 

4.56 

2.52 

40 

5.93 

2.80 

1.56 

20 

2.75 

1.30 

0.73 

The  first  column  contains  the  excess  of  the  tempera^ 
tnre  of  the  thermometers  above  that  of  the  surrounding 
air.  The  second  exhibits  the  corresponding  velocities 
of  cooling  of  the  thermometer  A,  the  diameter  of  whose 
bulb  was  about  two  centimetres.  These  velocities  were 
calculated  from  the  observations  by  the  method  ex- 
plained above.  The  third  and  fourth  columns  exhibit 
the  velocities  of  the  cooling  of  the  thermometers  B  and 
C,  calculated  in  the  same  way  for  the  excess  of  tempe- 
rature indicated  in  the  first  column.  The  diameter  of 
the  bulb  of  the  thermometer  B  was  about  four  centi- 
metres ;  that  of  the  thermometer  C  about  seven. 

A  simple  inspection  of  this  table  shows  us  at  once 
the  hiaccuracy  of  the  law  of  Richmann ;  for  we  see 
that  the  velocities  of  cooling  increase  according  to  a 
more  rapid  progression  than  the  excesses  of  tempera- 
ture.   Now  if  we  take  the  ratios  of  the  corresponding 


numbers  in  the  second  and  third  columns,  we  shall  find  Chap, 
that  Ihey  have  varied  as  follows,  beginning  with  the  ^"^v 
terms  which  correspond  with  the  greatest  excess  of 
temperature : 

2.11 2.12 2.10 2.12 2.11. 

These  numbers,  which  differ  very  little  fipom  each 
other,  and  which  are  alternately  greater  and  less,  in- 
form us  that  the  rate  of  cooling  follows  the  same  law 
in  the  two  thermometers  A  and  B.  If  we  compare  in 
the  same  way  the  numbers  contained  in  the  second  and 
fourth  columns,  we  obtain  for  their  ratios. 


8.78. 


> .  .  9.0I  • o.oO. .  •  •  . .  S.80. 


.8.77. 


The  near  approximation  to  equality  in  these  num- 
bers shows  us  that  the  law  of  cooling  is  likewise  the 
same  for  the  thermometers  A  and  C;  for  the  di^ 
ferences  in  the  preceding  numbers  must  be  ascribed  to 
unavoidable  errors  in  the  experiments,  and  they  are 
owing  to  inaccuracies  merely  of  one  hundredth  of  a 
deg^ree  in  the  velocities.  We  are  entitled  to  conclude, 
from  what  precedes,  that  the  law  of  cooling  observed 
in  a  mercurial  thermometer  is  independent  of  the  sise 
of  its  bulb ;  and,  consequently,  that  it  is  the  elementary 
law  of  cooling  of  which  we  are  in  search,  or  in  some 
measure,  the  law  of  cooling  of  a  point 

We  have  not  examined  how  the  velocity  of  coolimf 
varies  with  the  extent  of  surface,  in  consequence  of  the 
little  precision  of  measurement  of  which  the  surface  of 
a  ball  of  glass,  blown  at  the  extremity  of  a  tube,  is 
susceptible ;  and  because  that  research  was  foreign  to 
the  object  which  we  had  in  view.  However,  it  will  be 
seen  from  the  approximate  measures  which  we  have  in 
view  of  the  diameters  of  the  bulbs,  that  the  velocities  of 
cooling  are  nearly  inversely  as  the  diameters,  as  would 
be  the  case  with  a  solid  sphere  of  indefinitely  small  sixe. 

Let  us  now  proceed  to  the  examination  of  the  inr 
fiuence  which  the  nature  of  the  liquid  in  the  vessel  may 
have  upon  the  law  of  cooling.  There  the  difficulty  of 
constructing  thermometers  with  liquids  difierent  firoai 
mercury  (a  difficulty  depending  upon  the  uncertainty 
which  still  exists  respecting  the  laws  of  dilatation  of 
these  bodies)  determined  us  to  observe  the  cooling  of 
these  liquids  enclosed  in  the  same  glass  matrass,  in  th^ 
centre  of  which  was  placed  a  very  sensible  mercurial 
thermometer.  We  even  ascertained  that  the  position 
of  the  thermometer  is  indifferent,  and  that  at  any  given 
instant  the  temperature  of  all  the  points  of  the  mass  is 
sensibly  the  same.  This  evidently  depends  upon  the. 
interior  conducUbility,  which  in  liquids  is  the  result  of 
the  currents  being  nearly  perfect,  at  least  for  masses  of 
the  size  of  those  which  we  employed. 

The  first  of  the  following  tables  contains  the  velo- 
cities of  the  cooling  of  mercury  and  water  compared  ; 
the  second  exhibits  a  similar  comparison  between 
mercury  and  absolute  alcohol ;  and  the  third  between 
mercury  and  concentrated  sulphuric  acid. 


Excess  of  the 
temperature 
of  the  body. 

Velocity  of 
cooling  of 
mercury. 

Velocity  of 
cooliDg  of 
water. 

Ratio    of 
these  velo* 
cities. 

60*^ 
50 
40 
30 

8.03** 
2.47 
1.89 
1.36 

1.39° 
1.13 
0.85 
0.62 

0.458^ 
0.452   - 
0.450 
0.456 
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named  in  the  balioon.  Tlie  stop-cock  was  then 
l^tnd  the  obser\ations  commenced.  When  the 
Dcnt  was  to  be  conducted  in  air,  that  of  the 
m  was  at  first  dilaled,  in  order  to  facilitate  the 
ct  of  surfaces,  and  then  the  proper  quantity  was 
ed  to  enter.  When  the  cooHncr  was  to  be  observed 
5»n,  the  balloon  was  first  emptied  of  air,  f^as  was 
illowed  to  enter,  and  a  vacuum  was  ap:ain  made ; 
(rhich  ihe  requisite  quanlityof  g-as  was  introduced, 
lis  contrivance  it  was  mixed  with  only  an  inappre* 
;  quantity  of  air. 
\  shall  terminate  this  description  by  saying-,  that 

Ensious  of  the  thermometer  had  been  calculated 
the  observation  of  the  cooling  could  begin  at 
10*^.  The  experiments  in  air  and  in  the  gases 
ff  rather  a  long  preparation,  and  cannot  be  corn- 
ed with  safety  till  (he  equilibrium  is  restored 
^  the  whole  extent  of  fluid.  The  series  of  obser- 
is  belonging  to  them  commence  at  about  230*^. 
|e\perimetit  !br  cooling  in  vacuo,  or  in  gases, 
■hus  prepared,  it  remained  merely  to  observe  the 
»f  cooling  by  means  of  a  watch  with  a  second's 
It  equal  inter\als  of  time.  But  ihese  temperatures 
«  two  corrections,  which  we  shall  point  out.  In 
rst  place,  it  is  obvious,  from  the  nature  of  our 
fttus^  that  after  a  short  time  the  stem  of  the  ther- 
to"  was  cooled  down  to  the  temfjeratnre  of  the 
mding  air.  Every  tempenitnre  obsened,  there- 
fas  too  low  by  a  number  of  degrees  equal  to  that  to 

I  the  mercuf)^  fn  the  stem  would  dilute,  when  Ireuted 
the  temperature  of  the  surrounding  atmosphere  to 
if  the  bulb.  This  correction  was  easily  calculated, 
as  applied  to  all  the  temperatures  observed.  The 
:  of  the  second  correction  was  to  reduce  the  indi- 
16  of  the  mercurial  thermometer  to  that  of  the  air 
IOmeter ;  for  this  we  employed  the  table  given  in 

h 

WHtig  thus  obtained  a  series  of  consecutive  tempe- 
i  of  the  thermometer,  it  only  remained  to  apply 
it  series  the  mode  of  calculation  which  we  have 
ftd  al>ove.  We  divide  it  then  into  two  parts, 
P^ere  represented  eacli  by  expressions  of  the 
^«/-f  ^^«  in  which  t  denotes  the  lime;  and 
(armulae  served  to  calculate  the  velocity  of  cooling 
e  diflerent  excesses  of  temperature ;  but  these 
ties  required  a  diminution  easily  determined  in 
caae*  That  it  may  be  conceived  in  what  ibis 
(a,  we  must  remark,  that  the  cooling  of  the  bulb 
thermometer,  arising  from  the  loss  of  heat  which 
place  at  the  surface,  is  always  a  little  augmented 
entrance  of  cokl  mercury  from  the  stem  of  the 
imeter.  But  the  volume  of  mercur}^  being  known, 
ewise   its   temperature,  it   was  easy  to  estimate 

the  amount  of  this  correction,  which,  though 
laJJ,  ought  not  to  have  been  neglected. 
dg  the  mode  which  we  alwiiys  followed  in  con- 
fwll  our  exj>eriments.  We  satisfied  ourselves 
emifning'  the  velocity  of  cooling  for  excesses  of 
ajre  differing  from  each  other  by  20  degrees, 
lire  fnig"ht  not  make  this  memoir  too  tedious, 
r^j-^iheld    all    the    intermediate   calculations 

to  our  determinations, 

II  now  enter  upon  a  detail  of  our  experiments; 

in  the  order  in  which  they  were  made, 
-      'nAwV  researches  having  made  us  acquainted 


ffuenc^ 


of  the  nature  of  the  surface  upon  the 


it  W**  necessary  to  study  that  law  under 


diflerent   states   of  the   fiurface   of  ou^   thermometer.   Chap.  MI* 

But    it   was    necessary,    likewise,   that    these   surfaces  ^"••v'**' 

should  not  experience  any  alteration  from  the  highest 

temperatures  to  which   they  should  be  exposed.     The 

only  two  which  appeared  to  us  to  answer  this  condition, 

are   surfaces  of  glass  and  silver.      Accordingly  most 

of  our  experiments  were  made,  first  preserv^ing  to  the 

thermometer   its  natural    surface,    and    then    covering 

it  with  a  very  thin  leaf  of  silver.     These  two   surfaoes 

possess,  as  is  known,  very   different  radiating  powers, 

glass  being  one  of  tlie  bodies  which  radiate  most,  and 

silver  of  those  which  radiate  least.     The  laws  to  w^hich 

we  have  arrived,  by  comparing  the  cooling  of  these 

two  surfaces,  are  of  such  simplicity,  that  tliere  can  be 

no  doubt  of  their  being  applicable  to  all  other  bodies* 

On  Cooiiii^  in  a  Vacuum, 

The  observations  on  the  cooling  in  vacuo,  calculated 
as  before  explained,  are  all  affected  by  an  error,  very 
small  indeed,  but  which  it  is  easy  to  correct.  This 
error  arises  from  the  small  quantity  of  air  remaining 
in  the  balloon,  and  which,  in  the  greater  number  of 
experiments,  amounted  only  to  two  millimetres.  This 
correction  cannot  be  applied  immediately  to  the  series 
.  temperatures  furnished  by  ob  sen  at  ion  ;  but  it  can 
be  easily  applied  to  the  velocities  of  cooling  obtained 
by  calculation.  It  is  merely  necessary  to  diminish  them 
by  a  quantity  corresponding  to  the  heat  carried  olT  by 
the  air  remaining  in  the  balloon. 

To  determine  the  amount  of  this  correction  in  each 
case,  we  observed  the  cooling  of  our  thermometer  in 
air  of  diHerent  degrees  of  density;  and  we  calculated 
for  the  diflerent  excesses  of  temperature,  the  velocities 
of  cooling  corresponding  to  each  density.  By  sub- 
tracting from  these  velocities  tho>*e  which  talce  place  in 
vacuo,  we  obtain  exactly  the  quantities  of  heat  caused 
by  the  air  in  its  dilTerent  states  of  rarefaction.  We 
shall  have  nearly  accurate  values  of  these  same  quanti- 
ties, by  subtracting  the  velocities  already  very  near  each 
other,  which  are  given  by  the  observations  of  cooling 
in  the  balloon,  when  it  contains  only  a  very  small 
quantity  of  gas. 

Having  thus  determined  for  each  excess  of  tempera- 
ture, and  for  ditferent  densities,  the  quantities  of  heat 
carried  otf  by  the  air,  we  observed  that  they  followed  a 
simple  law,  by  means  of  which  we  determined,  with 
sufficient  precision,  the  corrections  which  calculated 
velocities  ought  to  undergo. 

The  numbers,  therefore,  which  we  shall  giv^e  in  the 
subsequent  part  of  this  Chapter,  may  be  considered  as 
differing  exceedingly  little  from  those  which  woultl  be 
obtained  by  making  the  experiments  in  an  absolute 
vacuum.  Let  us  now  proceed  to  the  examination  of 
tiie  diflerent  series  calculated  '^w^  corrected,  and  let  us 
begin  with  that  in  which  the  balloon  was  surrounded 
by  melting  ice.  The  thermometer  preserved  its  natural 
vitreous  surface. 
Exce&s  of  the  tUermomeler  Correipondiap^  velocittei 

above  the  btIlo«a^  of  cooliug. 


2*20 

8.81 

200 

180 

160  .  . , 

140  .      ... 

7.40 

.  6.10 

4.89 

3.88 

1-20  .  .   .,,... 

3.02 

100 

_  .  .  2,30 

BO 

1.74 

278 
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Heat  The  first'  column  contains  the  excesses  of  temperature 
^^^r^mJ  q{  the  thermometer  above  the  sides  of  the  balloon, 
that  is  to  say,  the  temperatures  themselves,  since  the 
balloon  was  at  0^.  The  second  column  contains  the 
corresponding  velocities  of  cooling,  calculated  and 
corrected  by  the  methods  already  pointed  out  These 
velocities,  as  we  have  already  frequently  observed,  are 
the  number  of  degrees  that  the  thermometer  would  sink 
•in  a  minute,  supposing  the  cooling  uniform  during  the 
whole  minute.  The  first  series  shows  clearly  the  in- 
accuracy of  the  law  of  Richmann ;  for,  according  to 
that  law,  the  velocity  of  cooling  at  200^  should  be 
double  Uiat  at  100;  whereas  we  find  it  more  than 
triple.  When  we  compare,  in  like  manner,  the  loss  of 
heat  at  240^  and  at  SO^',  we  find  the  first  about  six 
times  greater  than  the  last,  while,  according  to  the  law 
of  Richmann,  it  ought  to  be  merely  triple. 

Nothing  would  be  easier  than  by  a  formula  composed 
of  two  or  three  terms  to  represent  the  results  contuned 
in  the  preceding  table,  and  to  obtain  in  this  way  an 
empirical  relation  between  the  temperature  of  bodies 
and  the  corresponding  velocities  of  cooling.  But  for- 
mulae of  this  kind,  though  without  doubt  they  are  use- 
fiil  when  we  wish  to  interpolate,  are  almost  always 
inaccurate  beyond  the  limits  within  which  the  observa- 
tions have  been  made,  and  never  contribute  to  make  us  ac- 
quainted with  the  laws  of  the  phenomena  which  we  study. 

We  have  thought  it  necessary,  therefore,  before  en- 
deavouring to  find  any  law,  to  vary  our  observations  as 
much  OS  the  nature  of  the  subject  would  admit ;  and 
we  have  be^n  guided  in  this  by  a  remark  relative  to  the 
theory  of  radiation,  which  we  think  has  not  hitherto 
been  made  by  any  philosopher. 


In  the  theory  of  the  exchanges  of  heat  which  Has  d 
been  adopted,  the  cooling  of  a  body  in  vacuo  is  merely  V^ 
the  excess  of  its  radiation  above  that  of  the  sumnmd- 
ing  bodies.  Therefore  if  we  call  0  the  temperature  of 
the  substance  surrounding  the  vacuum  in  whidi  the  body 
cools,  and  <  -f  ^  the  temperature  of  the  body,  we  aheil 
have  in  general  for  the  velocity,  V,  of  cooling,  (obserr* 
ing  that  this  velocity  is  nothing  when  i  is  nothing.) 

V  =  P  (<  +  ^)  -  P  (^) 
F  denoting  the  unknown  fiinction  of  the  absolate 
temperature  which  represents  the  law  of  radiation. 

If  the  fimctions  P  (<  +  0)  and  P  (0)  were  propor- 
tional to  their  variables ;  that  is  to  say,  if  they  were 
of  this  form,  m  {t  •\-  0)  and  m  (^) ;  m  being  a  coo* 
stent  quantity,  we  should  find  the  velocity  of  cooliii|f 
equal  to  m  f,  and  we  should  fall  into  the  law  of  Rich* 
mann ;  since  the  velocity  of  cooling  would  be  propor- 
tional to  the  excesses  of  temperature.  These  velocitioo 
would  be  at  the  same  time  independent  of  the  absolute 
temperatures,  as  has  been  hitherto  supposed.  Bui  if 
the  fiinction,  F,  be  not  proportionable  to  its  variablo^ 
as  our  experiments  prove,  the  expression 
p  (<  4-  ^)  -  p  (^) 

which  represents  the  velocity  of  cooling,  ought  to 
depend  at  once  upon  the  excess  of  temperature  U  udl 
the  absolute  temperature  0  of  the  surrounding  medium. 
It  was  to  verify  this  consequence,  that  we  olraerved  tho 
cooling  of  the  thermometer  in  vacuo,  raising  sucee»« 
sively  the  water  surrounding  the  balloon  to  20^,  40^« 
60^,  80°.  The  following  table  presents,  at  one  view, 
all  the  results  of  each  of  these  series  of  observations^ 
which  were  repeated  several  times. 


Excess  of  tempera- 
ture of  the  thermo- 
meter. 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

cooling  water  at  0®. 

cooling  water  at  20^ 

cooling  water  at  40* 

cooling  water  at  60® 

cooling  water  at  80® 

2400 

10.69*' 

12.40« 

14.85° 

«_ 

,»^ 

220 

8.81 

10.41 

11.98 

— 

— 

200 

7.40 

8.58 

10.01 

11.64'> 

13.450 

180 

6.10 

7.04 

8.20 

"      9.55 

11.05 

160 

4.89 

5.67 

6.61 

7.68 

8.95 

140 

3.88 

4.57 

5.32 

6.14 

7.19 

120 

3.0« 

3.56 

4.15 

4.84 

5.64 

100 

2.30 

2.74 

3.16 

3.68 

4.29 

80 

1.74 

1.99 

2.80 

2.73 

3.18 

60 

— 

1.40 

1.62 

1.88 

2.17 

This  table,  which  requires  no  explanation,  confirms, 
as  is  evident,  the  principle  which  we  have  established ; 
but  the  results  which  it  contains  lead  us  to  a  very 
simple  approximation,  which  discovers  the  law  of 
cooling  in  vacuo.  If  we  compare  the  corresponding 
numbers  of  the  second  and  third  columns,  that  is  to 
say,  the  velocities  of  the  cooling  for  the  same  excess  of 
temperature,  the  surrounding  medium  being  succes- 
sively at  0°  and  at  20°,  we  find  that  the  ratios  of 
these  velocities  were  as  follows  ; 
1.16..  1.18..  1.16..  1.15..  1.16  ..  1.17..  1.17..  1.18. .1.15. 

These  numbers,  which  differ  very  little  from  each  other 
without  showing  any  regularity  in  their  variations,  only 
require  to  be  made  equal  by  changes  in  the  observed 
velocities,  which  would  scarcely  amount  to  one  per 
cent. 

Let  us  now  compare  the  velocities  observed  when 


the  surrounding  medium  was  at  20°  and  40^.     We 
shall  find  for  the  ratio  of  these  velocities, 
1.16..  1.15. .  1.16..  1.16. .  1.17. .  1.16. .  1.17. .  1.15. .  1.16. .  1.16. 
When  the  surrounding  medium  is  at  40°  and  60°,  the« 
ratios  are, 

1.15..  1.16..  1.16..  1.15..  1.17  ..  1.16..  1.18  ..  1.16. 
When  the  surrounding  medium  is  at  60°  and  80°,  tbe^ 
ratios  are, 

1.15  ..  1.15  ..  1.16..  1.17  ..  1.16..  1.17..  1.17..  I.16, 

These  three  last  comparisons  lead  us  to  the  same 
conclusion  as  the  first,  and  inform  us,  besides,  that  tbe 
constant  ratio  between  two  consecutive  scries,  has 
remained  always  the  same  when  the  surrounding  me- 
dium was  heated  from  0°  to  20°,  fi-om  20°  to  40°,  firom 
40°  to  60°,  and  fi-om  60°  to  80°.  The  preceding 
experiments  then  prove  the  following  law. 

The  velocity  of  cooling  of  a  thermometer  in  vacuo, 
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fyr  a  constant  excess  of  temperature  increases  in  a 
^Moxnetrical  pragression,  ^hen  the  temperature  of  the 
ggfS^jiuiding  medium  increases  in  an  arithmetifrai  pro- 
MoskuL  The  ratio  of  this  geometrical  pro^res!^io»  is 
^    tfame^  whateyer  be  the  excesa  of  temperature  con- 

l^ie  first  taw,  which  i4[>plies  solely  to  the  Yariation  of 
^ir&per&lure  of  the  surrounding  medium,  enables  us 
yn  put  the  expression  found  formerly  of  the  velocity 
of  eooling  in  yacuo, 

under  the  form 

a  being,  a  constant  quantity,  and  0  {t)  a  function  of  the 
variable  I  only,  and  which  we  must  endeavour  to  dis- 
cover. 

The  two  expressions  of  the  velocity  of  cooling  being 
equal,  we  have 

0 

a 
Whence,  by  expanding  into  a  series. 


0(O  =  < 


F(e?) 


^  2 


0     '^2.3'       e 


And  as  this  equation  must  hold  good  for  all  values  of 
t$  we  must  have 

n  beingr  an  indeterminate  number ;  whence  we  deduce, 

F  (p)  ^  m,a     +  a  constant  quantity, 
n^n^,  for  the  sake  of  shortness. 


log. 


=  911,  we  get 


<  +  e 


^  (t  i-  0)  ssm  .a     ''+a  constant  quantity. 
We  have  then,  finally,  for  the  value  of  the  velocity 

V  =  m .  a    (a   —  1) 

"^  equation  which  contains  the  law  of  cooling  in  vacuo. 

*^  "^e  suppose  0  constant,  the  coeHicient  m  a  will  be 
Jrlikewiae,  and  the  preceding'  law  may  be  expressed. 
^2^en  a  body  eoobin  vacuo,  surrounded  by  a  medium 
!T**«se  temperature  is  coiisitant,  the  velocity  of  cooling 
^^  excesses  of  temperature  in  arithmetical  progression 
JJioreases  as  the  terms  of  a  geometrical  progression, 
^**iiinished  by  some  constant  quantity.  The  ratio  a 
^^  this  progression  is  easily  found  for  the  thermometer 
J* Hose  cooling  we  have  observed  ;  for  when  flaygmenta 
^T  20^,  i  remaining  the  same,  the  velocity  of  cooling 
^^tiiea  multiplied  by  LI §5,  the  mean  of  all  the  ratios 
^^stmaiaed  aboye.     We  have  then. 


=v 


1.166  =  1.0077 

Jt  only  remains,  in  order  to  verify  the  accuracy  of 
*^8  Iwr,  to  compare  it  with  the  different  series  con- 
^*>Qed  m  the  table  inserted  above.  Let  us  beg^in  with 
•''•^ia  which  the  surrounding  medium  was  at  0°.  We 
Win  tills  case  that  it  is  necessary  to  make  m  =  2.0S7 ; 
^  hare  then  for  this  esse, 

V  =  2.037  (a«- 1) 
iowludia=:1.0077. 


Value,  of  V 

Values  of  V 

observed. 

caiculated. 

10.6JP 

10.680 

8.81 

8.89 

7.40 

7.34 

6.10 

6.03 

4.89 

4.87 

3.88 

3.89 

3.02 

3.05 

2.30 

2.33 

1.74 

1.72 

Excess  of  temperature,        Values  of  V  Values  of  V            Chap.  111. 
orvmluetof/. 

240° 

220 

200 

180 

160 

140 

120 

100 
80 
Let  us  now  take  the  series  obtained  when  the  sur 
rounding  medium  was  at  20°,  the  preceding  coefficient 

of  <a'  —  1)  must  then  be  multiplied  by  «^  =  1.165» 
we  have  then  V  =  2.374  (a*  —  1.) 

.E^cesa  of  temperature.        Values  of  V  Values  of  V 

or  values  of  /.                observed.  calculated. 

240°                    12.40°  12.460 

220                      10.41  10.36 

200                        8.58  8.56 

180                        7.04  7.01 

160                        5.67  5.68 

140                       4.57  4.54 

120                       3.56  3.56 

100                        2.74  2.72 

80                       1.99  2.00 

60                        1.40  1.88 

40                       0.86  0.85 

20                       0.39  0.39 
Let  us  proceed  to  the  series  obtained  when  the  sur- 
rounding medium  was  at  40°,  the  preceding  coefficient 
of  (a<—  1)  must  still  be  multiplied  by  a^=:  1.165. 
Hence  V=  2.766  (a«-l.) 

Excess  of  temperature.        Values  of  V  Values  of  V 

or  values  of  /.                 observed.  calculated. 

240°                    14.35°  14.44* 

220                      11.98  12.06 

200                      10.01  9.97 

180                        8.20  8.17 

160                        6.61  ^M 

140                        5.32  5.29 

120                        4.15  4.14 

100                        3.16  3.17 

80                        2.30  2.33 

60                        1.62  1.61 
For  the  series  in  which  the  surrounding  medium  is 
60°,  we  shall  have  V  3.222  (o^—  1.) 
Excess  of  temperature.        Values  of  V 
observed. 


or  values  of  /. 
200° 
180 
160 
140 
120 
100 

80 

60 


11.64° 
9.55 
7.68 
6.14 
4.84 
3.68 
2.73 
1.88 


Values  of  V 
calculated. 

11.61° 
9.52 
7.71 
6.16 
4.82 
3.69 
2.71 
1.87 


Lastly,  when  the  surrounding  medium  is  80°,  we 
have  V  =  3.754  (a«-l.) 

Excess  of  temperature,  Values  of  V  Values  of  V 

or  values  of  /.  observed.  calculated. 

200°  13.45°  13.52° 

180  11.05  11.09 

160  8.95  8.96 

140  7.19  7.18 

120  5.64  5.61 
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quantiUed  of  heat,  lakon  ^^^Htplrature  infinitely 
lo^,  may»  not  with  standing-,  have  a  finite  vahie. 

The  law  of  cooling  such   as  we  have  represented  it^ 
Wid  such  as  it  may  be   represented  in  vacuo,  applies 
^'^iely  to  the  velocities  of  coolin^^,  estimated  by   the 
diminutions  of  temperature  indicated  by  an  air  ther- 
mometer.    We  may  see  by  the  correspondence  of  all 
^*  thermometrica!  scales,  that   if  we  make  use  of  any 
other  thermometer,  the  relations  between  the  tempera- 
tures and  velocities  of  cooling'  would  lose  that  character 
ot^implicity  and  ^neraJity  which  we  have  fotmtl  them 
t^>  possess^  and  which  is  the  usua!  attribute  of  the  laws 
of  nature.     If  Uie  capacities  of  bodies  for  heat   were 
constant  when  we  determine  them  by  the  same  thermo- 
meter, the  preceding  law  would  still  give  the  expression 
of  the  quantities  of  heat  lost,  in  some  function  of  the 
DoireRponding: temperatures;  but  as  we  have  proved  that 
tile  specific  heat  of  bodies  is  not  constant  in  any  ther- 
mometrical  scale,  we  see  that  in  order  to  arrive  at  these 
ital  Jo&ses  of  heat  we  must  admit  an  additional  element ; 
pimely,  the  variation  of  the  capacity  of  the  bodies  sub- 
jected to  observ'^alion.  In  considering  the  question  under 
tills  point  of  view  it  would  be  necessary  to  know\  in  the 
first  place,  the  law  of  the  capacities  for  a  certain  body, 
and  then  to  determine  by  direct  observations,  the  quan- 
tities of  heat  lost  by  the  same  body  at  certain  fixed 
points  of  temperature  indicated  by  the  air  thermometer. 
Then,  by  multiplying  the  velocities  of  cooling  deduced 
from  the  preceding  law  by  the  corresponding  capacitiest 
Wt  should  obtain  the  absolute  losses  of  heat.     It  is  not 
»a  the  interval  of  the  first  two  or  three  hundred  degrees 
<>f  the  Centigrade  scale  that  we  can  hope  to  verily  the 
icturacy  of  these   conclusions.      The  variation  of  the 
capacities  not  beginning  to  become  ver>^  sensible  till  we 
pass  that  term,  it  would  be  necessary  to  observe  at  tem- 
peratures of  500  or  600°.     It  is  easy'to  see  the  difficulty 
ofimch  observations.  However*  we  have  succeeded  in  con- 
flicting an  apparatus  fit  for  the  purpose  ;  and  we  have 
WTtady  made  a  great  many  observations  relative  to  this 
•'ibject.     But  as  our  results  do  not  yet  present  all  the 
f^tilftrity  which  we  expect  to  be  able  to  give  them,  we 
^^  determined  to  delay  their  publication,  and  so  much 
^  taore  willingly,  that  the  question  which  it   is  their 
^«ct  to  answer^  does  not  come  within  the  limits   of 
*"«  prize   proposed  by  the  Academy.      The    method 
*hich  Mr.  Leslie  employed  for  measuring  the  radiating 
P***er8  of  different  surfaces,  is  ver}^  good  for  making  us 
JJf^JIUainted  with  the  radiating  heat  lost  by  a  body  at  all 
*?*>peratureB.     It  is  well  known  that  his  method  con- 
*'**«  in  ej^timating  the  radiation  of  a  body  by  the  heat 
^^'irnunicated  to    an   air  or   mercurial    thermometer 
Placed  at  a  certain  distance  from  the  hot  body  ;  and  to 
f»der  the  effects  more  sensible,  this   thermometer  is 
P^*c^dal  the  focus  of  the  rejector. 

-It  was  by  means  of  this  apparatus  that  Laroche  oV 
*^^^ed  ihe  result  which  we  have  mentioned  above, 
jj^ong  the  series  of  obser\  ations  made  by  this  method, 
^^T^  \s  one  which  extends,  indeed,  to  very  high  tem- 
^l^tures  ;  hut  it  cannot  be  of  any  utility,  because  the 
jf^'  were  determined  by  a  process  founded  on 

on  that  the  capacities  were  constant.  Tl»e 
JJJinibers  which  represent  the  losses  of  heat  are,  besides^ 
^"tcted  by  another  error,  proceeding  from  the  heat  of 
w  focal  thermometer  being  too  great,  because  the  in- 
•ccuracy  of  the  Newtonian  law  had  already  become  very 
sensible.  But  to  show  that  our  law  agrees  with  the 
^Jtserratioiis  made  by  thia  process  when  they  are  freed 
»0L.  tv. 


from  the  causes  of  error  of  which  we  have  just  spoken,  Chfcp.  til. 

we  shall   apply  them  to  the  series  given  in   the  same  ^ 

memoir,  which  do  not  go  beyond  the    imits  in  which 

the  variation  of  capacity  produces  no  sensible  effect* 

These  series  belong  to  the  radiation  of  an  iron  crucible 

filled  with  mercury  ;  here  the  temperature  of  the  body 

not  having  exceeded  200"^,  we  may  suppose  the  specific 

heat  constant.     We  may  likewise  neglect  the  correction 

which    the   mercurial    thermometer  would    require   to 

bring  it  to  the  air  thermometer  ;  because  this  correction 

is  very  small,  and  because  it  is  probable  that  it  is  more 

than  compensated  from  the  stem  of  the  thermometer 

employed  by  Laroche  not   being  completely  plunged 

into   mercury.     Instead  of  taking  each   of  the  series 

which  is  given  by  this   philosopher,  we  have  taken  in 

some  measure  the  mean  of  Ihem,  assisted  by  a  formula 

by  which   M,  Biot  has  represented  these  obser\^ation8, 

a  formula  inserted  in  p.  634,  of  the  IVth  Volume  of  his 

Traits  de  Phynqve.     The  numbers  w  hich  we  give  as 

the  result  of  observation  are   then   deduced  from  the 

formula  of  M*  Biot-     To  represent  them  by  means   of 

our  law,  we  must  make  V,  which  here  represents  the 

radiation,  equal  to 

4.24  (a' -1) 
/  being  the  excess  of  the  temperature  of  the  crucible, 
and  A  a  constant  quantity,  which  we  have  found  pre- 
cisely equal  to  1 .0077, 


Valueftofi. 

200** 


Value*  of  V  observed.     Value  of  V  calculated, 


15.33'' 
12.51 

lO.OJJ 
8.04 
6.30 
4.84 
3.60 
2.54 


15.29° 

12.52 

10,15 

e.ii 

6.36 
4.86 
3.58 
2,47 


Til  is  last  series  furnishes  by  its  agreement  with  our 
law  a  new  proof  that  the  number  a  depends  neither 
upon  the  mai?s  nor  upon  the  state  of  the  surface  of  the 
body,  since  we  find  it  here  to  have  the  same  value  as 
in  our  experiments  on  cooling  vitreous  and  silvered 
surfaces  in  vacuo. 

From  the  expression  for  the  velocity  of  cooling  in 
vacuo  we  can  easily  deduce  the  relation  which  connects 
the  temperatures  and  the  times.  If  we  denote  the  lime 
by  Xt  we  have 

d  t  i 

M  being  a  constant  coefficient,  which  depends  solely  on 
the  temperature  of  the  surrounding  medium  :  from  this 
we  have 

-  dt 


d£  = 


M  (a'-  1) 


and 


I 


('-^) 


M  .  log  a.  V  *"**      a'     /   '^  *  constant  quantity. 

Tlie  arbitrary  constant  quantity  and  the  number  M 
will  be  detennincd  in  each  particular  case,  when  we 
have  obser%'ed  the  values  of  t  corresponding  to  two 
known  values  of  the  time  or. 

If  we  supposed  t  so  small  that  considering  the  small- 
ness  of  the  logarithm  of  c,  we  might  confine  ourselves 
to  the  terms  of  tlie  first  power  in  the  developement  of 
a\  we  should  fall  again  into  the  Newtonian  law. 
2p 


HEAT. 


263 


mie  principle  which  we  have  just  established  being 
^oUy  Yenfied,  we  may  confine  ourselves  in  the  remainder 
of  our  experiment  to  obeenre  the  cooling  of  the  thermo- 
iQ«t«r  with  the  bulb  naked  in  air  and  in  the  different 
gises.     Henceforth  we  shall  give  only  in  our  tables 
^e  efleci  produced  solely  by  the  contact  of  the  gas. 
*nkey  have  been  always  calculated,  as  we  have  said 
\fSm^  by  subtracting  from  the  totd  velocities  of  cool- 
ing those  which  would  take  in  the  same  circumstances  if 
the  thermometer  were  cooling  in  vacuo.     We  shall  now 
enter  into  the  examination  of  the  different  circumstances 
wiiidi  may  modify  the  action  of  the  elastic  fluids  in  the 
production  of  the  phenomenon  which  occupies  our  atten- 
tioEL    We  shall  study  the  influence  of  each  of  these 
eauses,  first  in  air,  then  in  hydrogen,  carbonic  acid,  and 
defiant  gases.     We  made  choice  of  the  first  two,  in 
consequence  of  the  great  difl^rence  of  their  physical 
properties.     Air  and  olefiant  gas,  on  the  contrary, 
offer  the  curious  comparison  of  two  gases  of  almost  the 


same  specific  gravity,  but  of  very  different  composition.  Ch^.  III. 
The  example  of  the  influence  of  the  temperature  of  ^^v^' 
the  surrounding  medium  has  upon  the  rate  of  cooling 
in  vacuo,  naturally  led  us  in  the  first  place  to 
examine,  if  the  temperature  of  the  gases  does  not  pro- 
duce analogous  effects  upon  the  quantity  of  heat  which 
they  carry  off.  It  is  needless  to  say  that  such  experi- 
ments had  not  yet  been  attempted,  the  philosophers  who 
have  turned  their  attention  to  this  subject  having  always 
supposed  that  the  velocities  of  cooling  depend  only 
on  the  excess  of  temperature.  Without  stopping  to 
detail  our  first  attempts,  we  shall  state  immediately 
those  tables  in  which  the  law  ^ows  itself  manifestly. 
In  the  experiments  in  question,  the  temperature  of  the 
gases  was  varied  by  heating  sufficiently  the  water  of 
the  balloon ;  but  the  gas  was  at  the  same  time  allowed 
to  dilate  itself,  so  that  it  always  preserved  the  same 
elasticity.  l!lie  following  tabfe  contains  the  results  of 
such  a  set  of  experiments  made  upon  air : 


Excess  of  the 
thernMMnetar  a- 
bove  tke  s«r- 
roundiagair. 

Velocities  of  cool- 

Velocities  of  cool- 

Velocities ofcool  • 

Velocitieaofcool-- 

iog  duo  to  the  COO' 

ing  due  to  the  con- 

ing due  to  the  con- 

mg due  to  the  con- 

tact of  air  under 

tact  of  air  under 

tact  of  ab  under 

tact  of  air  under 

the  pressure  0,72 
m.  temp.  20^ 

the  pressure  0.72 
m.  temp.  40*. 

the  pressure  0.72 
m.  temp.  60^. 

the  pressure  0.72 
m.  temp.  W». 

200^ 

5.48** 

5.46° 

180 

4.75 

4.70 

4.79° 

160 

4.17 

4.16 

4.20 

4.18' 

140 

3.51 

3.55 

3,55 

3.49 

120 

2.90 

2.93 

2.94 

2.88 

100 

2.27 

2.28 

2.24 

2.25 

80 

K77 

1.73 

1.71 

1.78 

60 

1.23 

l.ld 

1.18 

1.20 

TIm  nefe  inspection  of  tUs  table  is  sufficient  to 
ihow  OS  that  the  velocities  of  cooling  have  remained 
^  aame  in  each  of  the  four  series  for  the  same  excess 
^  temperature.  Hiis  simple  law  was  of  too  great 
^portance  not  to  endeavour  to  verify  it  with  other 


gases.  The  following  table  exhibits  a  similar  cam- 
prison  for  hydrogen  gas  heated  successively  to  20% 
40%  60%  and  80%  The  elasticity  in  each  experiment 
was  0.72  metre. 


Eicess  of  tempera- 

Velocities of  cool- 

Velocities  of  cool- 

Velocities of  cool- 

Vefocities of  cool- 

ture or  tiiemoQie- 

tng  due  to  the  con- 

ing due  to  the  eoft- 

ing  due  lo  the  eoB- 

ing  duo  to  the  eon- 

ter  above  the  sur- 

tact of  the  gas  at 

tact  of  the  gas  at 

tact  of  the  gas  at 

tact  of  the  gas  at 

rounding  gas. 

20O. 

4(f. 

^. 

80*>. 

160° 

14.26° 

14.08° 

14.18° 

140 

12.11 

12.16 

12.12 

12.08^ 

120 

10.10 

10.13 

10.20 

10.19 

lUO 

7.98 

7.83 

8.03 

8.05 

80 

6.06 

5.97 

6.10 

6.00 

60 

4.21 

4.17 

4.18 

4.20 

^liis  table  leads  to  the  same  consequences  as  the  here  a  similar  set  of  experiments  on  carbonic  acid, 
t*i^«udlilg;  Tashowtikat  it  extend!s  to  all  the  gases  under  a  pressure  of  0.72  metre,  and  on  dilated  air 
^utever  be  their   nature  or  density,  we  shall  add    under  a  pressure  of  O.M  metrei 
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Velocitiet  of  cool- 

Velocities of  cool- 

Velocities of  cool- 

Velocities of  cool- 

Ezoeaof tempe- 

ing due  to  the  car- 

ing due  to  the  car- 

ing due  to  the  car- 

ing due  to  the  car- 

rature. 

bonic  acid,  tempe- 

bonic acid,  tempe- 

bonic acid,  tempe- 

bonic acid,  tempe- 

rature 20^. 

rature  40<'. 

rature  60®. 

rature  80«. 

200° 

5.25** 

5.170 

180 

4.57 

4.63 

4.52° 

160 

4.04 

4.06 

3.97 

4.10- 

140 

3.89 

3.39 

3.34 

3.43 

120 

2.82 

2.80 

2.79 

2.83 

100 

2.22 

2.18 

2.21 

2.20 

Velocities  of  cool- 

Velocities of  cool- 

Velocities of  cool- 

Velocities of  cool- 

Ezocii of  tempe- 

ing due  to  dilated 

ing  due  to  dilated 

ing  due  to  dilated 

ing  due  to  dilated 

rature. 

air,   temperature 

air,  temperature 

air,    temperature 

20^ 

40^ 

60«. 

80°. 

200° 

4.01° 

4.10° 

180 

3.52 

3.50 

3.55° 

160 

3.03 

2.99 

3.04 

3.09* 

140 

2.62 

2.57 

2.62 

2.66 

120 

2.12 

2.16 

2.14 

2.15 

100 

1.69 

1.71 

1.67 

1.73 

From  all  these  comparisons  we  may  deduce  the  fol- 
lowing law : 

The  vdodty  of  cooling  of  a  tody^  owing  to  the  90U 
ccfniiui  of  a  gm^  dependM  (for  the  same  excess  of  tern- 
peraturej  on  the  density  and  temperature  of  the  fluid  ; 
btU  this  dependence  is  such  that  the  velocity  of  cooling 
remains  the  same^  if  the  density  and  the  temperahtre  of 
the  gas  change  in  ntch  a  way  that  the  elasticity  remains 
constant. 

Hence  in  experiments  on  cooling  by  the  gases  we 
need  only  attend  to  their  elasticity.  It  is,  &erefore, 
the  influence  of  this  last  element  that  we  must  endea- 
vour to  appreciate. 


With  this  view  we  have  determined  for  eadi  gas 
different  elasticities,  the  velocities  of  cooling  Sir 
same  excesses  of  temperature.  Of  each  of  these  ic 
of  experiments  we  shall  merely  g^ve  what  is  neeea 
to  demonstrate  the  law  which  we  have  obtained. 
us  begin  with  air. 

The  following  table  exhibits  the  corresponding  1 
cities  of  cooling,  owing  to  the  sole  contact  of  air  ui 
the  following  pressures :  0.72  m.,  0.36  m.»  0.18 
0.09  m.,  0.045  m.,  that  is  to  say  under  pren 
decreasing  as  the  numbers  1,  j^,  ^,  -t,  -,1^ 


Excess  of  tempe- 

Velocity of  cool- 

Velocity  of  cool- 

Velocity  of  cool- 

Velocity  of  cool- 

Velocity  of  cod- 

rature  abo?o  the 
air. 

mg,  pressure 

"ILITT" 

jng,  pressure 
0.18  m. 

^'K""^ 

mjr,  pressure 
0.045  m. 

200° 

5.48° 

4.01° 

2.95° 

2.20° 

1.59° 

180 

4.75 

3.52 

2.61 

1.90 

1.37 

160 

4.17 

3.03 

2.21 

1.62 

1.20 

140 

3.51 

2.62 

1.91 

1.40 

1.02 

120 

2.90 

2.12 

1.57 

1.15 

0.84 

100 

2.27 

1.69 

1.23 

0.90 

0.65 

80 

1.77 

1.29 

0.96 

0.70 

0.52 

60 

1.23 

0.90 

0.65 

0.48 

0.35 

40 

0.75 

20 

0.32 

If  we  take  the  ratio  of  the  corresponding  numbers  in 
the  second  and  third  columns,  we  find  their  values 
commencing  with  the  uppermost  as  follows : 

1.37. .  1.35. .  1.37. .  1.34. .  1.37. .  1.34. .  1.37. .  1.36. 
We  have  likewise  for  the  ratios  of  the  numbers  in  the 
third  and  fourth  columns 
1.36. .  1J5. .  1.37. .  1.37. .  1.35. .  1.37. .  1.34. .  1.37. 


The  ratios  between  the  fourth  and  fiflh  coliu 

are 
1.34. .  1.37. .  1.36. .  1.36. .  1.37. .  1.36.  .  1.37. .  U 
And,  lastly,  the  ratios  between  the  fifth  and  8 

columns  are 
1.38. .  1.38. .  1.35. .  1.37. .  1.36. .  1.37. .  1.35. .  U 
The  small  irregularities  which  these  correqponi 
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nttos  prejjent  in  the  numbers  which  represent  them, 
'being  less  than  the  uncertainty  of  the  observations,  wc 
hftve  a  right  to  draw  from  them  the  following  con- 
elusions : 

1,  The  law,  according  to  which  the  velocity  of  cooling 
Ut  tM  contact  of  air  varies  with  tfie  tsceMs  of  tempera^ 
ttire,  continua  the  utmt,  whatever  the  elasticity  of  the 

air  w- 

9.  Tfu:  eiaMtieity  of  the  air^  varying  in  a  geometrical 
■>»,    its  cooling  power  changes  tiJtewiie  in  a 


geometrical  progremon^  in  such  a  manner  that  when  the  Chup,  IlL 
ratio  of  the  first  geometrical  progression  is  2,  that  of  ^*— v*^^ 
the  second  is  L366,  the  mean  of  all  the  numbers  given 
above.  It  will  be  eamly  seen  that  the  law  just  an* 
nounced  was  not  recognised  till  we  had  made  many 
experiments.  But  when  once  verified  for  air,  it  was 
natural  to  try  it  on  the  other  gBsea.  We  shall  now 
give  a  tabular  view  of  the  obsenrations  relative  to  each 
of  these. 

Lei  us  begin  with  hydrogen. 


Excesi  of  tem- 
perature of  the    ' 
thermometer 
«bove  ihe  gas. 

Velocity  of  cooling 
due  to  the  contact 

of  liydro^en, 
preaAure  0J2  m. 

Velocity  of  cooling 
Jue  to  the  contact 

of  hydro^o, 
pressure  0^i6  m. 

Velodty  of  cooling 
due  to  the  contact 

of  hydrogen, 
pressure  0.10  m. 

Velocity  of  cooling 
due  to  the  contact 

of  hydrogen, 
pressure  0.09  m. 

Velocity  of  cooling 
due  to  the  contact 

of  hydrogen, 
pre&sure  0.045  m. 

ISO* 

16.59*^ 

12.86^ 

9.82^ 

7.49° 

&,81^ 

160 

14.26 

10,07 

8.37 

6.49 

4.95 

140            1 

12:11 

9,24 

7.11 

5,47 

4.24 

120 

10.10 

7.83 

5.99 

4.64 

3.51 

100 

7.98 

6,23 

4.72 

3,63 

HSO 

80 

6.06 

4.62 

3.^8 

2.77 

2.09 

60 

4,21 

3.21 

2.48 

1.88 

L46 

The  ratios  between  the  numbers  in  the  8econtl  and 
Aird   oolumns  are 

X  .29. .  1,30. .  1.31. .  1.29. .  1.28. .  1,31. .  1.31. 
Thf^  mtios  between  the  numbers  of  the  third  and 
rourtla   columns  are 

1 .31. .  1.31. .  1.30* .  1.31. .  1.32. .  1.29. .  1.29* 
'tHe  ratios  between  the  numbers  of  the  fourth  and 
fifth  columns  arc 

1,31,  .1.29, .  1.30. .  1.29, .  1,30. .  L29.  .  L32. 
The  ratios  between  the  fifth  and  sixth  columns  are 

1 .29. ,  1,31 . .  1.29. .  1.32. .  L30. .  1.32.  .  L29. 
THe  very  near  approach  to  equality  in  these  numbers 


furnishes  us  with  a  result  analogo^ia  to  that  which 
refers  to  air. 

Hence,  L  The  law^  according  to  which  the  velocity 
of  cooling  due  to  the  sole  contact  of  hydrogen  varies 
with  the  excenes  of  temperature^  is  the  same,  whatever  be 
the  elasticity  of  the  gas, 

2.  The  cooling  power  of  hydrogen  decreases  in  a 
geometrical  progression  ^  whose  ratio  is  1.301,  when  its 
elasticity  diminishes  in  a  geometrical  progression^  whose 
ratio  is  2. 

We  obtained  the  same  icsults  for  carbonic  acid  and 
olefiant  gas.  This  may  be  easily  verified  in  the  two 
following'  tables,  arranged  for  each  of  these  gases  as 
the  tables  given  above  for  air  and  hydrogen. 


Exeesi  of  the 

Vetocittei  of  cool- 

Velocttidi of  cool- 

Vebeities of  cool- 

Velocities of  cool- 

Velocities of  cool- 

temperature of  the 
tnermo  meter 

ing  due  to  cai^ 

ing  due  to  cir- 

ing  due  In  car* 
bouic  add,      ' 

ing  due  to  car- 
bootc  acid» 

ing  due  to  car- 

bonic acid,        ! 

booic  acid. 

bonic  acid. 

above  the  gas. 

pressure  0.72  m. 

pressure  0.36  m. 

pressure  0J8  m. 

pretture  0.09  m. 

pressure  0.045  m. 

200° 

5,25° 

3,64^ 

2.56° 

1.79^ 

1.25° 

180 

4.57 

3.22 

2.25 

L56 

1.09 

160 

4.04 

2.80 

1.97 

1.37 

0.95 

140 

3.39 

2.38 

L65 

1.17 

0.80 

120 

2.82 

1.97 

1,36 

0.95 

0.67 

100 

2  22 

1.55 

1.08 

0.76 

0.52 

80 

L69 

1.17 

0.82 

0.57 

0.40 

60 

I.IS 

0.82 

0.57          ' 

0.40 

0.2s 

Exceu  oftem* 

Veiociiici  of  rool- 

Velociriei  of  cool- 

Velodtiea of  cool- 

Velocities  of  cool- 

Velocities of  cooN 

pcrrature  of  the 

in^  due  to  the 

ing  due  to  the 

Ing  due  to  the 

ing  due  to  the 

ing  due  to  the 

thennometer 

contact  of  olefiant 

contact  of  oleBant 

contact  of  olefiant 

contact  of  olefiant 

contact  of  ole^tint 

above  the  ga», 

gast  pressure 

gas,  pressure 

gas,  pressure 

gas,  pressure 

gas,  pressure 

(ole&aat.) 

0J2  m. 

QM  ra. 

0.18  m. 

0.0dm. 

0.045  m. 

200° 

7.41'' 

5.18° 

3.64° 

2.58° 

1,84° 

J  80 

6.45 

4.57 

3.17 

2.22 

1.59 

160 

5.41 

3.86 

2.72 

1.89 

L34 

140 

4.70 

3.31 

2.35 

1.63 

1.18 

120 

3.84 

2J6 

L92 

1.35 

0  96 

100 

3J2 

2,21 

1.55 

1  08 

0.78         , 

ao 

2,34 

1.62 

1.15 

0.79 

0.62 
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Igif  peratare  likewise  increase  in  a  geometncal  pro^res^ 
l^ifcwm^  Tbe  ratio  of  this  last  proo^ressiori  being-  2,  that 
of  tlae  first  is  2,35.  We  deduce,  likewise*  by  a  calcula- 
tia<^  similar  to  tliose  formerly  employccl,  that  the  lossee 
of  fient  due  to  the  contact  of  a  gas  are  proportional 
to  cl^c  excesses  of  temperature  of  tlie  body  elevated  to 
v\ve    power  1,233. 

■Xo  enable  the  reader  to  judge  of  the  accuracy  of  this 
la«r,  we  shall  give  in  the  following  table  the  velocities 
of  cooling  produced  by  the  contact  of  air  under  n 
pressure  of  0,72  rn.  ;  the  second  column  containin|i;  the 
valaeft  of  tliese  velocities  observed ;  and  the  third, 
their  values  deduced  from  the  laws  which  we  have 
oQiiounoed. 


Itceat  of  temperature. 

Velocities  observed. 

Velocities  cmleulated. 

200^ 

5.48« 

bAb° 

IBO 

4.75 

4.78 

160 

4J7 

4.14 

140 

3.51 

3.ol 

120 

2.90 

2,91 

hio 

2.27 

2.31 

80 

1.77 

L76 

60 

1.23 

1.24 

40 

0.77 

0,75 

20 

0.33 

0.32 

It  is  needless  to  transcribe  the  similar  comparison 

ripU^h  we  have  made  on  the  other  gases,  and  each  of 
Bt   pressures  under  which   we  have   operated,  for  we 
we   recogTiLsed  above,  that  tlie  series  relative  to  each 
of  them  follow  exactly  the   same   luw  as  for  air,  and 
^tki  this   law   is  observed  under  all   pressures.      But 
*«e  comparisons    of  which    we    speak,    have    afforded 
OS  as  satisfactory  results  us  the  preceding,  and  indeed 
™s  may  easily  be  veritied  upon  each   of  the   series  of 
observations  which  we  have  given  above.     To  obtain  a 
^tieral  expression  for  the  velocity  of  cooling,  due  to 
tlie  contact  of  a  fluid,  it  is  necessary  to  collect  all  the 
particular  laws  which  we  have  made  known.     But  tlie 
^•^t  law  informs  us,  that  tlie  state  of  tlie  surface  of  the 
^dy  has  no  influence  on   the  quantity  of  heat  which 
^-J*^  fluid  carries  off  from  it  ;  and  the  second  law  proves 
that  the  density  and  the  temperature   of  this  fluid   do 
***>t  affect  the  cooling,  but  in  as  fur  as  they  contribute 
^    Vary    the  pressure ;    so  that   the   cooling  power  of 
^^    fluid  depends  ultimately  upon  its  elasticity.     This 
^lasijcity,  and  the  excess  of  temperature  of  the  body, 
**^    then   the  two  only  elements  which   can  make  the 
^iocily  of  cooling  vary.     Denoting  the  first  of  these 
H^^Hients  by  p,  and  the  second  by  i^  we  shall  have  for 
the  velocity  by  contact  of  a  fluid, 
V  =  m.p'  ,1^ 


^o^ing  for  all  gases  and  all  bodies  equal  to  1.233  ; 
"^iiig  likewise  the  same  for  all  bodies,  butvaryijig  froi 


'*^e    gas   to 
gauges  with 


c 

arymg  from 
another;    and   m  having  a  value   which 

^-_    the   nature  of  the   gas    and   with  the 

^ttti elisions  of  the  body  :  the  values  of  c  are,  as  we  have 

*^tid,  0.45   for  air,  0.38   for  hydrogen,  0.517  for  car- 

f^nic  acid,  and  U.501  for  olefiant  gas.     The  values  of 

f^epi?nd,  as  we  have  said,  on  the  dimensions  of  the 

°*^y,  and  the  nature  of  the  gas.     For  our  thermometer 

^  b  equal  to  0.00919  in  air,  to  0.3318   in   hydrogen, 

'^  0,00887  in  carbonic  acid,  and  to  0.01227  in  olefiant 

ft^-    (Tliese   values   of  m   suppose  p   expressed   in 

^ttre§,  and  i  in  centigrade  degrees.)     We  may  by  the 

prtfcdiug  value  of  V  calculate  the  ratios  of  the  cooling 

powers  of  the  different  g^ases  for  each  pressure.     Thus, 


taking  the  cooling  power  of  air  at  unity,  and  supposing  Cliap,  III. 
the  pressure  =  0.76  m,,  we  have  for  the  cooling  power  ^"—y^ 
of  hydrogen  3.45,  and  for  that  of  carbonic  acid  0.d65. 
These  numbers  will  change  with  the  elasticity  belong- 
ing to  the  three  gases.  This  Messrs,  Leslie  and  Dalton 
did  not  perceive ;  but  it  is  easily  deduced  from  our 
formula.  However,  their  determinations  differ  but  little 
from  those  which  we  have  calculated  for  the  pressure 
of  0.76  m.  We  should  deduce,  likewise,  ratios  very 
little  differeut  from  these  from  the  experiments  made 
more  recently  by  Sir  Uuniphrey  Davy. 

The  simplicity  of  the  general  law  which  we  have 
just  made  known,  made  us  eagerly  desire  to  he  able  to 
verify  it  at  temperatures  more  elevated  than  those 
which  we  had  attempted  in  our  experiments.  We 
succeeded  by  a  very  simple  process,  the  idea  of  which 
was  first  suggested  by  Mr,  Leslie.  When  our  ther- 
mometer with  the  naked  bali  cooled  in  the  open  air, 
the  total  velocity  of  this  cooling  is  the  sum  of  the 
velocities  due  separately  to  the  contact  of  air  and  to 
radiation*  Benoting  these  by  f  and  i^,  the  total  velocity 
is  u  +  t?'.  If  the  thermometer  be  covered  with  silver, 
the  velocity  v  due  to  the  air  remains  the  same  for  the 

same  temperature,  and  v'  is  reduced  to  ,  since  the 

D.  f  U  / 

constant  ratio  of  the  radiating  powers  of  glass  and  silver 
is  5.707.  The  total  cooling  of  the  silvered  thermome- 
ter is  then  v  -f-  ,     Hence  it  is  easy  to  conclude, 

that  in  order  to  know  at  all  temperatures  the  losses 
of  heat  produced  by  the  contact  of  air,  it  is  sufficient 
•  ftelermine  the  total  velocities  of  cooling  of  our 
thermometer,  first  when  the  bulb  is  naked,  and  again 
when  it  is  covered  with  silver.  These  velocities  being 
represented  by  a  and  6  we  shall  have. 


a  :^  V  -\-  V 


b  ^  V  -^ 


5.707 


Hence, 


F  = 


5,707  X  &  —  a 


4.707 


Let  us  apply  this  formula  to  the  results  contained  in 

the  following  table : 


Excess  of 
tempiirature  of 

Total  velodtif* 
of  cooling  of 

Tolal  vdocitieB 
of  cooling  of 
the  silvcrec! 

Valu^  of  t>. 

thennometer. 

the  uaked  bulb. 

bulb. 

260^ 

24,42^ 

10,96« 

S.IO'^ 

240 

21.12 

9.82 

7.41 

220 

17.92 

8.59 

6.61 

20O 

15.3Q 

7.57 

5.92 

180 

13.04 

6.57 

5.19 

160 

10.70 

5.59 

4.50 

140 

8,75 

4.61 

3.73 

120 

6.82 

3.80 

3.11 

100 

5.57 

3.06 

2.53 

SO 

L15 

2,32 

'        1.93 

Tlie  second  and  third  columns  contain  the  total 
velocities^  of  cooling  of  a  thermometer  with  a  naked 
and  a  silvered  bulb,  for  the  excesses  of  temperature 
contained  in  the  first  column.  The  last  column  con- 
tains the  corresponding  values  of  r,  that  is  to  say,  the 
losses  of  heat  which  the  contact  of  air  alone  produces 
in  both  thermometers.     But  the  law  which  these  losses 
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Heat      of  heat  follow,  is  expressed  by  the  following  equation : 

vzsmt  »•«'« 
in  which  m  must  be  determined  in  each  particular  case. 
For  the  one  which  we  are  considering  m  =  0.00857. 
By  giving  successivelv  to  <  all  the  values  for  every  20^ 
from  80®  to  260^  we  shall  have  the  corresponding  values 
of  V,  which  will  differ  but  little  from  those  deduced 
experimentally ;  to  make  this  comparison  more  easy, 
we  have  united  in  the  following  table  the  observed  and 
calculated  values  of  v. 


Excesses  of 

Observed  values 

Calculated  values 

temperature. 

of  ». 

of  «. 

260® 

810® 

814® 

240 

741 

738 

220 

661 

663 

200 

592 

587 

180 

519 

517 

160 

450 

447 

140 

373 

379 

120 

311 

314 

100 

253 

250 

80 

193 

190 

Thus,  the  law  of  the  losses  of  heat  by  air  is  confirmed 
when  we  extend  our  observations  to  greater  excesses 
of  temperature.  The  results  already  stated  will,  like- 
wise, furnish  us  with  the  means  of  verifying  the  law  of 
cooling  in  vacuo.  It  is  sufficient  for  that,  to  subtract 
from  the  total  velocities  of  cooling  those  which  are  due 
to  the  sole  contact  of  air,  that  is  to  say,  the  successive 
values  of  v.  The  remainder  will  evidently  be  the 
velocities  of  cooling,  owing  to  radiation,  or,  which 
comes  to  the  same  thing,  those  which  would  have  taken 
place  in  vacuo. 

We  give  here  the  numbers  thus  determined  for  the 
thermometer  with  its  bulb  naked,  we  join  to  them  the 
velocities  deduced  from  the  law  of  cooling  in  vacuo. 
The  velocity  in  this  case  is  expressed  by 

m  (a'  -  1) 
t  representing  the  excess  of  temperature  of  the  body, 
fit  a  constant  coefficient,  which  must  be  determined  in 
each  case,  and  which  is  here  equal  to  2.61  ;  a  denoting 
the  exponent  1.0077  common  to  all  bodies. 

Velocities  of  cooling  in        Velocities  of  cooling 
vacuo  deduced  from  in  vacuo  by  calcu- 

observations  in  air.  lation. 

260®  16.32®  16.40® 

240  13.71  13.71 

220  11.31  11.40 
200                        9.38  9.42 

180  7.85  7.71 

160  6.20  6.25 

140  5.02  4.99 

120  3.93  3.92 

100  3.04  2.99 

80  2.22  2.20 

We  see  from  the  example  which  we  have  just  given, 
that  it  is  possible  by  intermediate  observations  on  cooling 
in  air  to  estimate  separately  the  loss  of  heat  due  to 
contact  and  to  radiation,  and  that  for  this  it  is*necessary 
to  observe  the  cooling  of  the  same  body  under  two 
different  conditions  of  surface.  But  the  mode  of  cal- 
culation depends,  on  the  one  hand,  on  the  supposition 
that  the  quantity  of  heat  carried  off  by  the  air  is  in- 
dependent of  the  nature  of  the  surface  of  the  body,  and 
on  the  other,  on  this  principle,  that  bodies  of  a  diffisrent 
nature  preserve  at  all  temperatures  the  same  ratio 


£xcesses  of 
temperature. 


between  their  radiating  power.  These  two  pioposii 
are  rigorously  true,  but  can  only  be  proved  by  d 
experiments,  such  as  those  which  we  have  staled  ab 
and  though  Mr.  Leslie  has  adopted  them  in  the 
which  he  has  made  of  the  principle  which  we  have 
explained,  his  results  have  not  all  the  accuracy 
could  be  desired,  because  he  has  always  calcolatec 
velocities  of  cooling  according  to  the  Newtonian  1 
The  laws  relative  to  each  of  these  two  eficctSt  n 
concur  to  produce  the  cooling  of  a  body  phi 
into  a  fluid  being  separately  established,  it  is  m 
necessary  to  unite  them  in  order  to  deduce  tha 
law  of  cooling.  The  velocity  v  of  this  cooling  f( 
excess  t  of  temperature  will  be  then  expressed  Ir 
formula 

m  (a*  —  1)  -f  n  iK 
The  quantities  a  and  b  will  be  for  all  bodies  an 
all  fluids  equal,  the  first  to  0.0077,  and  the  leooi 
1.233.  The  coefficient  m  will  depend  on  the  di: 
sions  and  the  nature  of  the  surface,  as  well  as 
the  absolute  nature  of  the  surrounding  body ;  the  c 
cient  n,  independent  of  that  absolute  temperatui 
well  as  of  the  nature  of  the  surface  of  the  body, 
vary  with  the  elasticity  and  with  the  nature  of  th< 
in  which  the  body  is  plunged,  and  these  variation! 
follow  laws  which  we  have  already  established. 

This  formula  shows  us  in  the  first  place,  as  wa 
announced  at  the  commencement  of  this  memoir, 
the  law  of  cooling  in  elastic  fluids  changes  wit] 
nature  of  the  surface  of  the  body.  In  fiict»  whei 
change  takes  place  the  quantities  a,  6,  and  n  pre 
their  values :  but  the  coefficient  m  varies  proportio 
to  the  radiating  power  of  the  surface.  If  we  repr 
its  new  value  by  mf,  the  velocity  of  cooling  will  lie 

m'  (a*  —  1)  H-  n  ^ 
a  quantity  which  does  not  remain   proportions 
m  (a*  —  1)  -h  n  <*  when  t  changes. 

Let  us  now  examine  how  the  ratio  of  theee 
velocities  varies,  and  let  us  suppose,  in  order  to  fi 
ideas,  that  m  is  greater  than  tn;  that  is  to  say,  1 
belongs  to  the  body  which  radiates  most  We  no 
the  first  place  satisfy  ourselves  by  means  of  the 
of  the  differential  calculus,  that  the  fraction 

m  (g<  >-  1)  +  n  <* 

mf  (a'  +  1)  +  n  ^ 

becomes  equal  to  -3,  whether  we  make  ^  =0,  or  T 

If  we  suppose  t  very  small,  the  quantity  a^  —  ] 
duced  to  log  a  ^  and  the  preceding  ratio  bcei 
dividing  by  i  log  a 

m  +  -j-^.  fi  -  1 
logtf 

m'  +  T-^- 1'  -.  1 

loga 

Under  this  form  it  is  evident  that  the  ratio 
diminish  in  proportion  as  t  increases,  b  being  gi 
than  1 ;  but  this  ratio,  afler  having  diminish^ 
again  increase,  since  it  must  resume  at  unity  the 
which  it  has  when  f  =  0.     From  this  it  is  eai 
arrive  at  the  truth  of  the  principle  which  we  have 
blished  at  the  beginning  of  this  memoir,  and  1 
comes  to  this,  that  when  we  compare  the  laws  of  co 
in  two  bodies  with  different  surfaces,  the  law  is 
rapid  at  low  temperatures  for  the  body  which  rai 
the  least,  and  less  rapid  on  the  contrary  for  the 
body  at  high  temperatures.    This  may  be  easily  vt 
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,  ***  the  following- table,  where  we  have  insertet!  the  velo- 
^hks  of  cooling  of  the  naked  tliermomeler,  and  of  the 
®*lrer^  thermometer,  and  the  ratios  between  these 
^eJocities, 


/Excess  of  tein* 
f    perature  of 

Ve!ocili€*  of 

cooling  of  the 

naked  tlierithj- 

meter. 

Velocitiei  of 

cooling  of  lliB 

silvered  ibcr 

ino  meter. 

Ratio  of  tLese 
vetociUes. 

/        »60° 

24.42^^ 

10.96'' 

2.23* 

'         240 

21.12 

9.82 

2.15        i 

220 

17.92 

8.59 

2,09        . 

200 

15.30 

7.57 

2.02 

180 

13.04 

6. 57 

L98 

150 

10.70 

5.59 

1.91 

140 

8.7S 

4.61 

1.89 

1^0 

6.82 

3.80 

1.80 

100 

5.56 

3.06 

LSI 

so 

4.15 

2.32 

L7S 

60 

2.86 

1.60 

1.79 

\           40 

1.74 

0.96 

1.81 

\           20 

0.77 

0.42 

1.85 

\  '" 

0.37 

0.19 

1.90 

The  mere  in^^pection  of  the  nymhers  inserted  m  the 

last  column,  fiilly  confirms  the  fact  aiiiKninced  above. 

We  perceive  likewise,  the  ratios  of  the  velocities  of  the 

two  thermometers  remaining  nearly  the  .same  for  the 

tteesscs  of  temperature  between   40*^  and  120^*.     This 

citcumstance,  resulting^  ohvionsly  from  the  ratios  inereas* 

ing  afler  having  diminished,  has  probably  contributed 

lo  persuade  Mr.  Dalton  tliat  the  law  of  cooling  in  air 

roust  Ifc  the  same  for  all  bodies,     If  the  above  series 

were  carried  farther,  we  j^hould  find  that  I  he  ratio  of 

llie  velocities  of  coolings,  which  is  already  eipjal  to  2.23 

for  an  e.tcess  of  temperature  of  260^"",  increases  rapidly 

as  that  excess  augments,  and  that  it  approaches  more 

^d  more  to  the  number  5.707,  to  which  the  fraction 

■j-y*  11  equal  in  the  case  of  glass  compared  with  silver. 

We  see  from  this  to  what  a  de^ee  the  consequence 
Q^duced  by  Mr.  Leshc,  from  experiments  made  at  low 
'^^per'atures,  are  inaccurate.  For  having'  imagined,  as 
'■^^  have  said  in  the  bep-inninf;^  of  this  mcmmr,  that  the 
•^tio  which  we  have  determined  above  would  continue 
**)*'!iys  to  diminish,  he  had  supposed  ihat  it  would  ler- 
Jl^iiaie  by  becoming:  almost  equal  to  nnity,  so  that  at 
^jRh  temperatures  the  total  lossen  of  heat  would  be 
pllOit  independent  of  the  .state  of  the  surfaces.  The 
Uwb  which  this  philosopher  has  proposed,  refuted  as 
^''*y  have  been  by  Dalton,  or  even  by  the  anterior 
'^'^arthes  of  Marti ne,  may  be  all  overturned  by  a 
'iiHgle  ar^jment ;  for  all  these  laws  make  the  velocity 
^t  cooling  depend  solely  on  the  excess  of  temperature  of 
^^  body  above  that  of  the  surrounding  medium,  while 
'*periencc  proves  that,  other  things  being  equal,  this 
'^locity  changes,  in  a  remarkable  degree,  with  the 
^*^perature  of  the  fluid  which  surrounds  the  body, 

it  is  needless,  therefore,  to  enter  into  any  discussion 
^  this  subject ;  for  admitting  that  the  laws  of  which 
**  have  spoken,  represent  tlie  results  of  experiment 
*ithin  the  limits  in  which  they  have  been  determined, 
'I  is  certain  from  all  ttiat  precedes,  that  when  we  extend 
Iheni  beyond  these  limits  we  arrive  at  results  very  dif- 
fefect  from  the  truth.  We  may,  by  considerations 
Analogous  to  those  which  we  have  used  above,  determine 
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in  what  manner  the  law  of  total  cooling  changes  for  the  CUp.  111. 
same  body  with  the  nature  and  density  of  the  gases,        ^^^-v-*^ 

The  total  velocity  of  cooling  is  expressed  by 
m  ia'  ^  1)  -hn^* 

If  we  consider  another  gas,  or  the  same  gas,  at  a 
different  density,  the  velocity  of  cooling  will  be  for  the 
same  body 

for  the  coeflficient  «  is  the  only  part  of  the  expression 
which  changes  in  tliis  case. 

On  comparing  these  two  expressions,  we  lind  that 
their  ratio  becomes  equal  to  unity,  whether  we  make 
f  £=  0  or  ^  =  J.  Hence  the  tota^l  velocities  of  cooHng  in 
difierent  gases  approach  equality  at  very  high  tempera- 
tures, and  very  low,  while  in  any  intermediate  part  of  the 
scale  these  velocities  may  be  ver>^  different.  This  result 
is  sufficient  to  show  the  inaccuracy  of  the  processes 
which  Mr,  Dalton  and  Mr,  Leslie  employed,  to  compare 
the  losses  of  heat  due  to  diUerent  gases;  for  those  pro- 
ces.ses  are  founded  on  the  supposition,  that  the  total 
velocities  of  cooling  in  the  diilerent  gases  preserve  I  lie 
same  ratio  at  all  temperatures.  But  from  a  very  sin- 
gular circumstance,  upon  which  it  is  needless  to  insist, 
the  particular  temperature  at  which  they  operated 
renders  the  error  very  small,  and  they  were  far  from 
ascribing  it  to  their  mode  of  calculation.  Accordingly 
their  determinations,  as  we  have  said  before,  are  very 
near  the  truth,  provided  they  be  restricted  to  the  cir- 
cumstances under  which  they  have  been  made. 

The  necessity  of  estimating  separately  the  influence 
of  each  of  the  causes  which  modify  the  progress  of  the 
cooling  of  a  body,  not  having  allowed  us  to  bring  toge- 
ther the  different  laws  at  which  we  have  arrived,  we 
conceive  that  a  summary  recapitulation  will  be  so  much 
more  useful,  because  we  shall  have  it  in  our  power  to 
reestablish  the  natural  order,  which  the  description  of 
experiments  and  the  discussion  of  tlie  results  have  often 
obliged  us  to  interrupt. 

Distinguishing,  as  we  have  done,  the  losses  of  heat 
due  separately  to  the  contact  of  fluids  and  to  radiation, 
we  soon  perceive  that  each  of  these  two  effects  is  subject 
to  particular  law^s.  These  laws  ought  to  express  the 
relations  which  exist  between  the  temperature  of  the 
body  and  the  velocity  of  its  cooling  for  all  possible  cir- 
cumstances. We  must  recollect,  that  by  velocity  of 
cooling  we  mean  always  the  number  of  degrees  which 
the  temperature  of  the  body  would  sink  during  an 
infinitely  small  and  constant  interval  of  time. 

First  Law. — If  we  could  observe  the  cooling  of  a  body 
placed  in  a  vacuum  surrounded  by  an  enclosure  totally 
destitute  of  heat^  or  deprived  of  the  fact 1 1 ty  of  radiating, 
the  velocities  of  cooling  would  decrease  in  a  geometrical 
progression,  while  the  temperatures  diminished  in  an 
arithmetical  progression. 

Second  Law. — The  temperature  of  the  vacuum  in 
which  the  body  is  placed  remaining  constant,  the  veloci- 
ties of  cooling  for  excesses  of  temperature  in  arithmetical 
progrression  decrease  as  the  terms  of  a  geometrical  pro- 
gression diminished  by  a  constant  number.  The  ratio 
of  this  geometrical  progression  is  the  same  for  all 
bodies,  and  is  equal  to  1,0077. 

Third  Lauh— The  velocity  of  cooling  in  vactio  for  the 
same  excess  of  temperature  increases  in  a  geometrical 
progression,  while  the  temperature  of  the  vacuum  in- 
creases in  an  arithmetical  progression.  The  ratio  of 
this  progression  is  likewise  1.0077  for  all  bodies. 

Fourth  Law. — The  velocity  of  cooling  due  to  the  sole 
2  q 
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liett      contact  of  a  gaa,  fs  entirely  independent  of  the  nature 
'  of  the  surface  of  the  body. 

Fifth  Law, — ^Phe  velocity  of  cooling  due  solely  to  the 
cohtact  of  a  fluid,  varies  in  a  geometrical  prog;ression, 
while  the  excess  of  tempemture  itself  varies  in  a  geo- 
metnca]  prof^ression.  If  the  ratio  of  this  second  pro- 
gression be  2,  that  of  the  first  is  2.35,  whatever  he  the 
nature  of  the  gpas  and  its  elastic  force*  This  law  may  he 
likewise  enunciated  by  saying^^  that  the  quantity  of  heat 
carried  off  by  a  g-as  is  in  all  caseia  proportional  to  the 
eiEcess  of  the  tempeniture  of  the  body  raised  to  the 
power  L233. 

Sixth  Law, — ^The  cooling*  power  of  a  fluid  diminishes 
in  a  g-eometrical  progn^ession  when  its  tension  itself 
dimini.shes  in  a  g'eometrical  progression.  If  die  ratio 
of  this  second  progression  is  2,  the  ratio  of  the  first  is 
1,366  for  air  ;  1.301  for  hydrog'en  ;  1,431  for  carbonic 
acid  ;  and  L4 15  for  olefiant  gas. 

This  law  may  likewise  be  presented  in  the  followinpf 
manner  :■ — ^The  cooling  power  of  a  gas  is,  all  other 
things  being  equal,  proportional  to  some  certain  power 
of  the  pre.s?<«re.  The  exponent  of  this  power,  which 
depends  on  the  nature  of  the  gas,  is  0,45  for  air;  0.315 
for  hydrogen;  0*517  for  carbonic  acid  ;  and  0.501  tor 
olefi&nt  gaa. 

Seventh  Law, — The  cooling  power  of  a  gas  varies 
with  its  temperature  in  such  a  maimer,  that  if  the  gas 
can  dilftte,  and  if  it  preserves  always  the  same  elastic 
force,  the  cooling  power  will  be  as  mnch  diminished  by 
the  rarefaction  of  the  giis,  as  it  is  increased  by  its 
augmentation  of  temperature,  so  that,  ultimately,  it 
depends  only  on  its  tension. 

We  see  from  these  propositions  that  the  total  law  of 
cooling,  which  would  be  com  pounded  of  all  the  pre- 
ceding laws,  must  l)e  very  complicated ;  we  shall  not» 
therefore,  attempt  to  translate  it  into  ordinary  language. 
We  have  given  it  in  the  course  of  the  memoir  under  a 
raatliemalicai  form,  which  permits  us  to  examine  all 
its  consequences.  We  shall  satisfy  ourselves  with  re* 
marking,  that  it  is  doubtless  to  the  very  complicated 
nature  of  this  law  that  we  must  ascrihe  the  little  success 
of  the  attempts  hitherto  made  to  discover  it.  It  is 
cl»vro«s  that  we  can  only  arrive  at  it  by  studying  apart 
each  of  the  causes  wliicli  contributes  to  the  total  effect. 

References  in  (172): 

(fl)  Newioni  Opusc.  ii.  423.  (&)  Nor,  Com,  Ac, 
I^etrop,  i.  195.  (c)  E^ay^  on  Heal,  p.  72,  (rf)  Nni\ 
Com.  Hoc,  Gott.  viii,  74.  {e)  Leslie,  on  Heat.  (/)  A  una  If  a 
de  Ch,  fi  de  Fh,  v\L  225,  &c* ;  or  Thomson^a  Annals, 
xiti.  p.  113. 

Badiafwn, 

(173.)  Hitherto  we  have  considered  the  property 
well  known  and  generally  understood  by  the  term  of 
Radiation  in  the  light  of  a  gradual  loss  sustained  by  the 
Iieated  substance,  analog<^»us  to  the  slow  dissipation  of 
electricity  from  an  excited  body.  We  now  proceed  a 
*rtep  ftirlher  in  the  inquiry,  and  attempt  t«  give  a  sum- 
^nary  of  the  reaearches  of  those  who  have  traeed  the 
«>rcgres8  of  these  rays,  be  they  real*  or  be  titey  only 
i  ma^nary,  and  adopted  as  a  mode  of  speaking  for  the 
purpose  of  convenient  illustration. 

The  earliest  eTtperiments  usually  citecl  upon  this  sul>- 

i^Ct  are  those  of  Mnriotte,  (&.)    He  states  that  **  the  heat 

>*/a  fire  reflected  by  a  burning  mirror  is  sensible  in  its 

^7Cii« ;   ^*  ^^  *  ff'*^^  screen  is  interposed  between  the 

iiroT  and  the  focus,  the  heat  is  no  longer  sensible,*^ 


In  pursuing  this  question  Lambert  (c)  moi 

culariy  attempted  to  separate  the  effect  of  1 
from  that  of  the  heat ;  with  this  view  he  iat 
the  light  of  a  clear  fire  with  a  large  lens,  ar 
that  it  produced  scarcely  any  appreciable  hca 
hand  placed  in  the  tbcns  ;  but  by  two  concave 
lie  reflected  the  heat  of  burning  charcoal,  so  as  ti 
(o  combusliblebotlies  at  a  distance  of  more  that! 

Scheele  also  directed  his  inquiries  to  this  poi 
first  made  use  of  the  term  Radiant  heat,  and 
that  it  did  not  communicate  warmth  to  the  air 
which  it  was  made  to  pass.  He  proved  also 
passage  through  a  space  filled  with  air  i 
changed  in  direction  by  a  current  in  tliat  air»  i 
its  intensity  was  not  dimiJiished  by  violent  a 
taking  place  in  the  air.  By  the  interposition  oi 
of  glass  between  the  fire  and  his  hand,  the  li 
intercepted,  though  the  light  was  transmitted  an 
afterwards  he  concentrated  to  a  focus  by  a  lej 
Ftates  that  a  glass  mirror  reflects  tlie  light  of  a 
not  the  heat,  but  that  a  polished  metallic  siu 
fleets  both  the  light  and  the  heat.  The 
reflector  therefore  may  he  exposed  to  the  lire,  a 
in  the  hand  with  safety  ;  but  by  blackening  its 
the  reflecting  power  was  destroyed,  and  in  four 
it  became  too  hot  to  hold,  (d.) 

MM.  SaTissure  and  Pictet  repeated  the  prece< 
periments  with  a  very  convenient  apparatus  repi 
in  tig.  23.  Two  concave  mirrors  of  polished  ti 
a  foot  in  diameter,  were  placed  at  a  distance 
feet  apart  ;  the  focal  length  of  the  mirrors 
inches  each.  In  the  focus  of  one  was  the  bu 
thermometer,  and  in  the  tbcus  of  the  other  thej 
a  ball  of  iron  2  inches  in  diameter,  which  m 
heated  red,  and  then  suffered  to  cool  until  it  e< 
be  visible  in  the  dark.  Another  thcrmomel 
placed  at  the  same  distance  from  the  heated 
the  former  one,  but  without  the  focus  of  the  re 
mirror.  U[>on  the  introduction  of  tlie  heated 
its  place  the  thermometer  instantly  rose,  and 
minuics  indicated  an  increase  of  temperature  c 
Reaumur,  vtiiile  that  not  in  the  focus  advane 
2°, 5,  setting  out  from  the  same  point.  Here 
thermometers,  being  at  equal  distances,  may  1 
posed  to  have  been  equally  affected  by  the  dim 
from  the  hot  ball ;  the  one  without  the  focus  i 
no  other  heat,  but  the  focal  thermometer  reoei 
direct  rays,  and  also  was  on  the  spot  for  the  re 
of  other  calorific  rays,  had  such  been  reflected  i 
mirror  on  the  same  principle  as  those  of  light ; 
so  marked  an  effect  was  produced  u[>on  Oiis  1 
meter,  it  is  fair  to  ascribe  the  difference  to  the  ft 
power  of  the  mirror,  and  to  infer  that  the  mi 
radiant  heat  is  analogous  to  that  of  light,  proce* 
right  lines,  and  following  the  same  law  in  its  rd 

In  a  repetiti<ui  of  this  experiment  by  M.  Pict 
a  lighted  candle  in  place  of  the  heated  ball,  tl 
thermometer  rose  from  4°. 6  to  Lr  Reaumur* 

M,  Pictet  particularly  endeavoured  to  prtr 
these  effects  were  not  due  to  tlie  action  of  lighl 
might  possibly  be  supposed  to  exist,  though  in 
too  feet)le  to  excite  tlie  onlinary  sensation  of 
He  therefore  interposed  a  plate  of  glass  betwi 
radiant  f)ody  and  the  thcrmomtfter.  In  this  cm 
of  light  would  be  supposed  to  have  a  free  pi 
and  if  (as  it  proved)  Uic  calorific  rays  weie  tnt* 
by  the  glass  screen,  theif  separate  existence  and 
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»^(iture   must  be  admilted.     The  candle  was  placed  in 

one  focus;  and  when  it  had  raised  the  thermometer  in 

^e  opposite  focus  fmm  2°  to  \2°^  the  glass  screen  was 

ittlerposed,  and  in  nine  minutes  the  thermometer  fe!l  to 

^*  7,  and  ag^in  rose  on  the  removal  of  the  g-lass.     He 

^a.'*  dis[>osed  to  allribute  the  degn*ee  of  heating  effect 

^'bicb   still    remained,   aUer   the    interjiosition    of    the 

s<:reen,  partly  to   its   not    iu   reality  intercept inf^  all  the 

calorific   rays,  and   partly  to  its  own  acquired   increase 

trf  lemperaUire,  by  which  it  in  turn  became  a  source  of 

T^diant  heat  to  the  second  mirror. 

(174.)  Ag-ain,  a  small   tflass  tlask,  containing'  more 
(han  two  ounces,  wa^  filled  with   boiling  writer,  and 
placed  in  one  focus ;  the  njirror^  being    IO5   leet  from 
each  other;    while  a  small  Fahrenheit's   thermometer 
occupied  the  other  focus.     In  two  minutes  the  rise  was 
from  47*  to  50;',  and  upon  the  removal  of  the  matrass 
Che  mercury  again  fell.     It   seems  clear  frotn   these  ex- 
periments, that    calorific    rays    exist    independently  of 
luminous  rays;  Ihat  they  proceed  in  right  lines  from 
heated  bodies;  and  that  they  are  capable  of  reflection 
from  polished  metallic  surfaces. 

It    was  long  known   that   blackened  substances  re- 
ceived or  absorbed  more  heat  when  e\po»etl  to  the  rays 
of  tiie  5un<  than  others  did  which  had  not  been  so  pre- 
^^gred  ;  and  Scheele*s  experiment,  with  liie  blackened 
^^Biector,  had  proved  that   in  this  respect  the  calorific 
^Wys  from  a  common  tire  Ibllowed    the  same  law   with 
tliose  proceeding  from  the  sun.    This  also  Pictct  proved 
^  a  siigiit  variation  upon  the  last  experiment.     The 
inlb  *>f  ifie  thennometer  which  when   clean    rose  from 
47*  to  bi)^°  was  blackened,  and  then  in  the  same  time 
it  rose  from  bl\°  to  &5i*- 

(175.)  A  concave  mirror  of  glass  was  substituted  in 
plfice  of  the  metallic  refiector^  bnt  by  this  scarcely  any 
eflecl  could  be  produced  upon  the  thermometer  in  one 
focus,  witfi  the  heated  iron  ball  in  the  other.  This  also 
proved  the  inferiority  of  glass  as  a  reflector  of  heat. 
M.  Pidct  could  not  ascertain  satisfactorily  whether  the 
colorific  rays  were  capable  of  refraction  or  not.  He 
also  attempted  to  measure  the  velocity  with  which  they 
■*owd ;  for  this  purpose  he  phiteti  the  reflectors  at  a 
«Htajjce  of  69  feet  from  each  other,  having  in  the  one 
"icus  a  healed  ball,  and  in  the  other  a  delicate  air  iher- 
mometer,  A  cloth  screen  was  interposed  between  the 
'pfleciors.  Upon  the  renunal  of  this  screen  the  rise 
^  tbe  thermometer  was  instantaneous.  Within  this 
2*>'>oe  th«i  it  seemed,  that  no  perceptible  intenal 
*™p^  between  the  passage  of  the  calorific  rays  from 
^^  part  of  the  apparatus  to  the  other* 

(176,)    In   the  chronological    order  of  research  we 

^^'^  arrive    at    a    name  with    the   rare  distinction   of 

T^tiding   successively  for  two  generations  preeminent 

***  the  annals  of  science.      In  the  year  ISOt),  Dr,  Her- 

^ndl  published  a  much  more  minute  dissection  of  the 

^tar  beam  than   had  before  been  attempted.     In  his 

Jj^?0oomical    obserxations  he  had  been  struck  by  the 

'•^fcwjl  sensations  of  heat  experienced  in  tlie  use  of 

^'teiH  of  cotoureil  glass,     Roehon  had  found  that  an 

^^  thermometer  exposed  to  the  action  of  the  coloured 

^5^  of  the  prismatic  spectrum,  ro.se  from  the  violet  to 

****  red   extremity ;    and    he    c€>nsidered   the    ratio  of 

^^ling   power    between    the    clear    red    and    deepest 

violet  to  he  about  that  of  8  to  1  ;    and  that  in  the  in- 

'QOedJate  stages  the  decrease  of  heat  was   rapid  in 

pWfcBeding  towards  the  violet  extremity,  (/".} 

Dr,  Uerschell  mounted  a  piece  of  pasteboojd  upon 
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a  movable  frame,  so  that  one  or  more  of  the  coloured  Chap*  III. 
pencils  in  the  prjsnmlic  spectrum  could  be  brought  ^^— ^v""^^ 
upon  the  bulb  of  a  mercurial  thermometer,  and  thus 
the  relative  heating  powers  miglil  be  compared.  The 
progressive  increase  of  cliect  in  moving  from  the  violet 
to  the  red  extremity  seemed  to  follow  these  proportions. 
In  ten  minutes  the  thermometer  rose  in  the  red  ray 
7°  Fahrenheit;  in  the  green  3^5;  and  in  the  violet 
ray  2°, 

But  in  the  prosecution  of  these  experiments  Dr. 
Herscheli  found  the  heating  power  extended  beyond 
the  extreme  litnit  of  the  vi.sible  red  rays,  imd  that  it 
was  even  quite  without  the  visible  spectrum  I  hat  the 
maxiunim  heating  position  existed.  From  this  result 
it  seemed  to  follow,  that  the  refraugibility  of  the  c;do- 
rific  rays  was  greater  than  that  of  tlie  luminous  solar 
rays  ;  aiul  that,  theretbre,  when  the  sunbeam  was  con- 
centrated by  a  convex  lens  the  most  perfect  focus  of 
tight  would  not  strictly  coincide  with  that  of  heat 
This  was  submitted  to  an  experiment  which  seeme*!  to 
prove,  Umt  the  di*>itance  of  the  focus  of  beat  from  the 
Jens  exceeded  that  of  the  bght  by  not  less  than  one 
quarter  of  an  inch,  (g.) 

(177.)  These  experiments  were  repeated  by  Sir 
Henry  Englefield,  who  obtained  similar  results,  wliich 
are  shown  in  the  following  table : 

Fabrvnheit. 

In  the  blue.  .  .                    ...    in  3'  from  55*  to  f>6*» 

In  the  green    3    , .  , .  54  , .  68 

In  the  yellow 8    56  . .  62 

In  the  ftdl  red 2{ 56  .  ,  72 

In  the  confines  of  red    2^ 58  ,  .  73J 

Quite  out  of  the  vi.sible  light.  .    2 J 61   . .  79 

Here  it  appeared,  that  beyond  Uie  full  red  light,  and 
where  only  a  faint  blush  of  red  w^as  perceptible,  the 
greatest  heat  existed  ;  and  that  even  half  an  inch  be- 
yond the  edge  of  the  red  ray,  where  there  was  no  illu- 
minating power,  the  heat  was  sti^ll  greater  than  in  the 
red  ray,  (A,)  Mr,  Leslie's  experiments  on  this  point 
indicated  the  same,  or  even  a  greater,  increase  of  calo- 
ritic  elfect,  in  traversing  the  spectrum  from  the  blue  to 
the  red  extremity;  bnt  he  did  not  find  an  excess  of 
heating  power  beyond  the  red  rays, 

Tliis  subject  we  shall  have  to  resume  hereafter  ;  but 
to  return  to  our  point.  It  appears  clear,  that  as  the 
calorific  rays  jrre  separated  from  the  calorific  or  visible 
rays  by  transmission  through  a  prism,  both  the  former 
and  the  latter  are  luent  tVom  their  course,  or  snlfer  re- 
fraction. And  as  the  calorific  rays  are  dispersed  over 
a  space  greater  than  that  of  the  area  of  the  prism,  and 
greater  even  than  that  occasioned  by  the  visible  rays  of 
light,  it  follows  that  a  beam  of  radiant  caloric  must 
consist  of  rays  di^ering  in  refrangibility,  and  also  that 
the  range  of  its  refrangibility  is  even  more  extensive 
than  that  of  the  coloured  rays. 

Dr,  Herscheli  further  endeavoured  to  ascertain 
whether  the  radiant  calorific  issuing  from  a  heated 
body  were  also  refrangible,  A  lens  was  placed  at  a 
small  distance  from  a  burning  candle  ;  a  pasteboard 
screen  being  interposed  with  a  hole  in  it,  so  that  only 
a  pencil  nf  direct  rays  proceeded  from  the  candle  to 
the  lens,  and  being  there  refracted  upon  the  bulb  of  a 
thermometer,  a  rise  of  2j°  was  obtained  in  tlie  course 
of  three  minutes.  Similar  experiments  upon  the  rays 
from  a  common  fire,  from  a  mass  of  red  hot  iron,  and 
from  a  mass  of  iron  uot  heated  to  redness,  and  also 
2q^ 
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harin^  presented  the  canister^s  blackened  side,  refill  it 
*^  with    boiling-   water.      The    coloured   liquor  will  rise 
through  a  small  but  visible  space.     Rub  off  the  silver- 
ing from   the   back   of  the  mirror,  and  (he  effect  will 
remain  unaltered.     Roughen  the  surface  of  the  back  by 
grinding-  it  with  sand  or  emery,  I  he  same  effect  will  still 
W  perceived  ;    a  decisive   proof,  that  the  reflection  of 
beat  is  produced  entirely  at  the  anterior  surface  of  the 
mirror.     Over  that  surface  spread  q  body  of  China  ink, 
which  will  form  an  even  and  glossy  coat ;    replace  the 
inirror,  and  the  effect   now  becomes  altogether  insen- 
sible.    Cover  the  face  of  the  mirror  with  a  sheet  of 
tio-foiK  by   pasting  and   carefully  adapting    it  to    the 
Cltn^ature,  and   smooth   away  as  much  as  possible  all 
imnklcs,  a  very  great   chanj^e   will   in**tantly  he  per- 
ceived  in  the  degree  of  the  perform  a  nee.     The  effect 
af  this  reflector  will  ten  times  exceed  that  produced  by 
the  naked  mirror 

**  Hence  it  appears,  that  independent  of  the  polish 
and  figure,  tJie  nature  itse  f  of  the  substance  of  which 
a  surface  consists,  has  a  most  predominant  influence 
in  determining  the  measure  of  the  reflection  of  heat  ; 
indeed  the  former  requisites  are  comparatively  of  much 
inferior  consequence*  The  very  different  effects  of 
metallic  and  vitreous  surfaces,  in  the  reflection  of  heat» 
ea^nnot  fail  to  strike  the  most  indolent  observer. 

•^  It  may  be  desirable  to  exhibit  the  several  residts 

or    the    foregoing   experiments    in    a   collective    view. 

Suppose  that  the  bright  side  of  the   canister  fronts  a 

Coaca\e  mirror,  and  that  the  focal  ball   properly  placed 

is  coated  with  tin-foil;    nn   e fleet  verj^   minute  indeed, 

but    under  favouraljle  circmustances  still   perceptible, 

^ill  be  produced.     Call  this  L     Cover  ihe  face  of  the 

mirror  with   tin*foil,  and  the  liqwor  of  the  differential 

thermometer  will  monnt  to  10.     Remove  the  cap  from 

the  focal  ball,  and  the  action  will  he  iucrcased  to  50, 

Vovr  present  the  blackened  side  of  (he  conister,  and 

the  extreme  effect  will  he  proditced  equal  to  400.     All 

these  experiments    succeed    equally  with   cold,  which 

eihibits  the  same  diversified  effects,  and  afler  the  same 

proportions,  ihouj^ti  necessarily  more  limited/'  p.  23, 

(lb2.)    It  apfieared  also,  that  a  considerable  degree 

of  aberration  taken  plnce  iu  the  reflection  of  heat;    for 

w««  calorific   body  might  be  moved  out  of  the  axis  of 

J^refteclorat  right  angles  to  that  line,  without  imme. 

draiefy  destroying   the  heating  eflcet   upon    the  focal 

•^^cfmometer.     At  the  distance  ol^  one  inch  the  efTcct 

"J'rf  not    appear    to    be   diminished,  and    it   might   he 

^^mhiiwn  7  or  8  inches  before  the  calorific  effects  were 

*^lirely  lost.     From  this  it  foNow*?.  that  the  maximum 

^'•'Joriftc  effect,  with   the  licuting  body  in  the  axis,  will 

<>t  b©  found  in  the  true  optical  focus  of  the  reflector, 

_  "I  rather  nearer  to   the  mirror.     Accordingly  by  ad- 

ariciiit,   the    thermometer  half  an   inch   towards    the 

•^<^tor,  the  heating  effect  was  augmented  more  than 

^"'hird  ;    and  even  at   one   incrh    it  was  greater  by 

one- fourth;    but   by  a  morion  in  the  contrar)"  direction 

tne  effects  decreased  as  rapidly,  p.  64. 

(.183.)  Professor  Leslie's  experiments  witli  iuter- 
pOB^tl  screens,  though  exceedingly  instruct! ve,  have 
^'J*^  snhsequently  so  much  improved  npon  by  others^ 
uin  we  shall  not  here  pursue  them  in  detail  :  one, 
however^  we  may  select  of  great  general  interest : 
**  Cause  two  sheets  of  fin»  about  ten  inches  square,  to 
J«  hammered  quite  flat  and  smooth,  and  paint  one  sicte 
<^ach  with  a  thin  coat  of  lamp-lilack.  Arrange  the 
•fp4.ralU3  as  uBual,  and  having  joined  together  the  tin 


plates  with  their  clear  surfaces  touching,  6x  them  to  a  Chap.  111. 
vertical  frome,  placed  between  the  reflector  and  the  ^"^•v^^ 
heated  body :  the  differential  thermometer  will  rise  23 
degrees.  Invert  the  position  of  the  plates,  so  that  the 
black  sides  come  In  contact^  and  the  thermometer  will 
sink  down  to  zero  ;  but  if  either  plate  he  removed,  the 
liquor  will  rise  4  degrees."  The  interposed  mass  of 
matter  is  the  same  in  both  the  Iwo  first  cases ;  but  in 
the  former,  the  two  exterior  surfaces  are  proper  for  the 
transmission  of  caloritic  effect,  the  side  next  to  the 
heated  body  being  a  good  absorber  of  heat,  the  metal 
between  a  good  conductor,  and  the  next  black  surface  a 
good  radiator.  Again,  in  the  latter  case,  the  t^rsl  sur- 
face is  a  bad  absorber,  and  the  second  surface  is  a  bad 
radiator.  Mr,  Leslie  had  before  shown  that  metallic 
plates,  even  as  thin  as  gold-leaf,  intercepted  the  direct 
passage  of  the  calorific  rays.  But  that  transparent 
bodies,  such  as  glass,  did  not  entirely  so.  These  sub- 
jects, however,  have  been  ably  examined  by  Laroche 
and  other  suibsequent  experimentalists, 

(184.)  We  have  one  slight  subject  of  complaint 
against  Mr.  Leslie's  work;  that  it  has  neither  index 
nor  table  of  contents  ;  hence  it  is  sometimes  difliicult  to 
refer  to  experiments  which  it  would  he  convenient  to 
examine  in  connection  with  each  other.  The  table  of 
comparative  radiating  powers,  as  given  in  his  experi- 
ments, will  be  found  in  the  Appendix,  No.  XIIL  Also 
a  table  of  the  comparative  powers  of  substances  made 
use  of  as  reflectors.  No.  XIV.  By  applying  coats  of 
certain  substances  to  one  surface  of  the  tin  cube»  it 
appeared  that  where  these  could  be  extremely  thin, 
there  was  a  marked  diflerence  in  the  eflt«cts  produced ; 
such  was  the  case  with  some  varnishes.  Thus,  where 
the  effect  of  one  coat  of  jelly  applied  to  one  surface  of 
the  tin  was  38°,  the  eflect  of  four  such  layers  applied  to 
another  surface,  was  augmented  to  54°.  This  increase 
continued  till  the  thickness  of  the  jelly  was  xTrVn  of  an 
inch,  and  then  remained  uu changed  by  further  additions. 
With  regard  to  metals,  it  seemed  that  a  plate  of  the 
finest  leaf  that  could  be  applied,  rendered  the  radiating 
power  as  great  as  a  thicker  plate  of  the  same  metal  ; 
but  it  was  supposed  that  differences  might  have  been 
found  within  certain  limits,  as  in  the  jelly,  had  it  been 
possible  to  increase  the  tenuity  of  the  metals  suffici- 
ently. (/.) 

(185.)  Count  Rumford's  memoir  aflords  a  striking 
instance  of  a  circumstance  by  no  means  uncommon  in 
the  annals  of  science  ;  that  there  is  a  certain  point  at 
which  the  generally  ditlused  knowledge  relating  to  any  • 
subject  arrives;  and  that  then,  as  there  may  remaiti  but 
a  few  slight  steps  to  reach  some  important  develope- 
menf,  these  steps  are  readily  passed  over  by  more  than 
one  individual  at  the  same  instant.  Such  was  the  case 
here,  the  Treatise  of  Professor  Leslie,  and  the  Memoir 
of  Count  Rumford,  both  appeared  in  the  same  year  ;  and 
as  they  preseut  two  series  of  independent  hut  highly 
accordant  results,  they  in«'iy  fairly  be  considered  as 
strongly  corroborative  of  each  other.  (A-,) 

(186,)  The  original  Memoir  of  M.   Delaroche,  we  M  DrU. 
regret  to   state  we  have  not  been  able  to  examine,  and  rgt  he. 
therefore  can  only  ofl'cr  the  following  condensed  outline 
of  its  contents,  extracted  from  Tliomson*s  Atuiah,  (p.) 

**  I  propose  in  this  memoir  to  state  several  proposi- 
tions which  appear  to  me  capable  of  throwing  some 
light  on  die  theorj'  of  radiant  heat;  and  which  1  think 
f  have  estahli<5hed  by  decisive  experiments.  These  ex- 
periments, indeed,  were  made  with  suflicient  care  to 
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L      ooly  ^  of  what  it  had  been  within   Ihe  red  ray  itself '* 
^*r'  Do  these  ditferences   (say  the  reporters,)    de|iend  yivrm 

I      the  matter  of  the  prisms  and  Uie  difference  of  die  appu- 
ratus,  or  on  »ome  circumstances  dependingf  upon  the 
phenomenon  itself? 
M.  Berard  wished  to  know    f  these  properties  would 
exist  in  each  of  the  pencils,  into  which  the  ray  divides 
itfielf  in  passing  through  a  rhomlxiid   of  Iceland  spar. 
He  made  a  ray  of  solar  li^ht  pass  through   a  prism  of 
this  substance.     Each  of  the  two  spectra  exhibited  the 
8ame  properties.     In  both  the  calorific  power  diminished 
from  the  violet  to  the  red   end,  and  it  existed  beyond 
the  last  visible  red  rays.     Thus,  whether  this  factilty  be 
inherent  in  the  solar  rays  or  not,  when   these  raj  s  are 
divided  by  a  crystal  it  g:oes  alouEf  with  each. 

But  in  this   operation,  the   luminous   molecules  are 

po/arized  by  the  crystal.     Do  the  invisible  rays  of  heat 

experience  the  same  effect  ?     To  determine  this  point, 

M.  Berard  received  the  solar  ray  upon   a  polished  and 

trauatpareut  g-lass,  which  polarized  a  portion  of  it  by 

reflection.     This  reflected  ray  was  then  received  upon  a 

aecond  glass,  fixed  in  an  apparatus,  which  permitted  it  to 

be  turned  round  the  ray  under  a  constant  incidence,  and 

jkia  tncidence  itself  was  determined  in  such  a  manner, 

in   a  certain  position  of  the  glass,  the  reflection 

to  take  place.     We  know»  from  the  experiments 

rf  l^falus,  that  a  glass  may  be  always  disposed  in  such 

a  mtainer  that  this  condition  is  tuUilled,     By  collecting' 

w^ilh    a  mirror  the  calorific  and  luminous  rays  reflected 

from  the  second  glass,  and  di recti tig^  them  upon  a  llier- 

fnometer,  M.  Berard  found   that  as   long  as   light  was 

ijflected   the  thermometer  was  elevated,  and  of  course 

the    heat  was  reflected  likewise  ;    luit  when,  from   the 

!>osition  of  the  second  glass,  ihe  light  was  totally  trans- 

tulttcnl,  the  heat  was  transmitted  at  the  same  lime,  and 

^he  thermometer  w us  not  elevated.     In  this  experiment, 

*hen,  as  well   as   ihe   preceding,  the  calorific  [iriucipJe, 

whaievtT  it  may  be,  never  separates  from  the  luminoua 

••fceules* 

To  the   ray   of  sol  at   light   employed  in  this  experi- 

*i>^ut,   M     Berard   siilislitytcd   a   |>encil  of  radiant  heat 

proceeding  from  a  body  hot,  but  not  red,  and  even  not 

***tninous.     The  effect  was  the   same  ns  before.     The 

thermometer  rose  when  the  second  glass  was  so  situated 

•*  to  reflect  light,  and  it  did  not  rise  when  ihe  second 

•f^uld  not  reflect  light.     Therefore  the  particles  of  invi- 

tibte  radiant  heat  are  modified  by  reflection  ureciselv 

<ikeli|rh<.  ^  *^  ^ 

(188.)  Tlie  following  observations  by  M.  Berihollet 

^^"^^  «o  much  upon  the  general  features  of  this  question, 

*J***t  we  eaimot  forbear  from  fjuoting  them,  although  we 

■''e  most  scrupulously  anxious  not  to  inirwde  u|K>n  the 

province  of  phyttical  optica ,-  a  stibjett  at  prc*sent  under 

Preparation  tor  this  work,  in  hands  better  qualified  for  Ihe 

'•^l*  than  any  others  which  this  country  could  produce. 

*The  report  goes  on  to  slate^  *'  without  attempting  io 

"^^He  between  two  opinions,  which  both  go  beyond  the 

wis  obsened,   we  may  at   least  weigh   their  relative 

l^^'OUbilities,  and  compare   the   number  of  hypotheses 

■•caiMiry  in  each,  to  represent  the   same  number  of 

*cl«.    If  we  wish  to  consider  solar  light  as   composed 

*»lHTee  distinct  substances,  one  of  which  causes  light, 

•^iJlisr  heat,  and   the  third  chemical   combinations,  it 

J^IJ  follow  that   each   of  these  substances,  is  separable 

gtkeprism  into  an  infinity  ofdiflercnt  modifications, 

«K%iit  itself;  since  we  find  by  experiment  that  each 

of  llw  three  properties,  chemical,  colorific  and  calonfic, 


is  spread,  though  unequally,  over  a  certain  extent  of  Cliap.  I  If 
the  spectrum.     Hence  we  must  suppose,  on  that  hypo-  "— ^^*^ 

thesis,  that  there  exist  three  spectra,  one  above  anotiier, 
viz,  a  calorific,  a  colorific,  and  a  chemical  one.  We  muFt 
likewise  admit  that  each  of  the  substances  which  com- 
pose the  three  spectra,  and  even  each  molecule  of  une- 
qual refrangibility  which  constitutes  these  substances,  is 
endowed,  like  the  molecules  of  visible  light,  with  the 
property  of  being  polarized  by  reflectioiip  and  of  esca- 
ping from  reflection  in  the  same  positions  as  the  lumi- 
nous molecules. 

"Instead  of  this  complication  of  ideas  let  ns  conceive 
simply,  according  to  the  phenomena,  that  light  is  com- 
posed of  a  collection  of  rays  unequally  refrangible,  and 
of  course  unequally  attracted  by  bodies.  This  supposes 
original  diflerciices  in  their  size  and  velocity,  or  in  their 
afliuilies.  Why  should  those  rays  which  difler  already 
in  so  many  things,  produce  upon  thermometers,  or  upon 
our  organs,  the  same  sensations  of  heat  or  light  ?  Why 
should  they  have  the  same  energy  to  form  or  separate 
combinations?  Would  it  not  be  quite  natural  that 
vision  should  not  operate  on  our  eyes,  except  within 
certain  limits  of  refrangibility ;  and  that  too  little  or 
too  much  refrangibility,  should  render  it  equally 
incapable  of  producing  that  e fleet  ?  Perhaps  these  rays 
may  be  visible  to  other  eyes  than  ours ;  perhaps  they 
are  so  to  certain  animals;  which  w^ou Id  account  for 
certain  actions  that  appear  to  us  marvellous.  In  a 
word,  we  may  conceive  the  calorific  and  chemical 
faculty  to  vary  through  tlie  whole  length  of  the  spec- 
trum, at  the  same  lime  with  the  refrangibility,  but 
according  to  difierent  functions  ;  so  that  the  calorific 
faculty  is  at  its  minimum  at  the  violet  end  n\'  the  spec- 
tnirn^  and  its  maxim uui  at  tfie  red  end  :  while,  on  the 
other  hand,  the  chemical  tacit Ity  expressed  by  another 
function,  is  at  it^  miuinmni  at  the  rcfl  end,  and  at  its 
maximum  at  the  violet  end,  or  a  little  beyond  it.  This 
simple  supposition,  which  is  only  the  simple  state- 
ment of  the  phenomena,  equally  agrees  with  all  the 
facts  hitherto  observed,  and  accounts  for  those  esta- 
blished by  M,  ficrard,  and  even  enables  us  to  predict 
them.  In  fact,  if  all  the  rays  which  pr*)duce  these 
three  orders  of  phenomena  are  rays  of  light,  they  must 
of  course  be  polarized  in  passing  through  Iceland  crys^ 
tal,  or  in  being  reflected  from  a  polished  glass  with  a 
determinate  incidence :  and  when  they  have  received 
these  modifications,  they  must  be  reflected  by  another 
glass,  if  it  is  properly  placed,  to  exert  its  reflecting 
energy^  on  the  biminous  molecules.  On  the  other  band, 
if  that  force  is  null  on  the  visible  molecules,  the  invisi- 
ble light  wnll  not  be  any  longer  reflected  :  for  the  cause 
which  occasions  or  prevents  reflection,  appears  to  act 
equally  upon  all  the  molecules,  whatever  their  refrangi- 
bility may  In*.  It  ought,  therefore,  to  act  upon  the 
molecules  of  invisible  ligtit,  the  condition  of  visibility 
or  in\isiliiiity  relating  mei^ly  !o  our  eyes,  and  not  to 
tfie  nature  of  the  molecules  which  produce  these  sensa- 
tions ill  us." 

On  this  subject,  we  have  but  to  mention  several 
papers  by  Mr.  Powell,  and,  as  the  shortest  possible 
abstract  of  his  views,  we  present  the  following  from  his 
own  paper  in  the  Pkihmpfiiral  Tranmciiont, 

1.  **  That  part  of  the  heating  effect  of  a  luminous 
hot  body  which  is  capable  of  being  transntitted  in  ttie 
way  of  direct  radiation  through  gla.ss,  aflecls  bodies  in 
proportion  to  their  darkness  of  colour ^  without  reference 
to  the  teiLlure  of  tlielr  surfaces. 
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VOL.  IT. 


\fH 


2(J^ 


HEAT. 


CHAPTER  IV. 


ON  THE  CONDUCTING  POWERS  OP  BODIES. 


Heat  (198.)  Thk  phrase.  Conducting  power,  though  now 
.^^^^0^  80  fitmiliar  as  to  be  readily  understood  by  every  one,  and 
therefore  as  we  hope  secure  from  inducing  any  false 
notion  of  the  operation  of  caloric,  must  nevertheless  be 
admitted  to  be  logically  objectionable.  In  strict  lan- 
guage it  seems  to  imply  some  active  property  in  the 
particles  of  matter,  by  which  the  effect  or  substance  of 
caloric  (be  it  which  it  may)  is  passed  on  from  each 
molecule  in  succession  to  the  one  next  adjoining  to  it : 
while  in  fact  it  is  possible  that  the  true  case  may  be 
one  of  resistance,  that  the  particles  of  matter  oppose 
the  free  motion  of  heat  which  otherwise  would  take 
place,  and  compel  it  to  undertake  the  more  tedious 
process  of  inducing  a  certain  effect  upon  the  first  par- 
ticle acted  upon,  which  is  in  turn  to  act  upon  the  next 
adjoining  one,  and  so  on. 

Whether  the  molecules  of  matter  be  or  be  not  in 
contact,  and  consequently  whether  all  the  effects  even 
in  solids  are  necessarily  those  of  radiation  at  small 
distances  from  one  particle  to  another,  as  from  so  many 
screens  placed  consecutively,  is  a  point  quite  beyond 
our  present  knowledge,  but  is  also,  happily,  immaterial 
to  our  purpose. 

It  seems  to  be  the  greneral  tendency  of  caloric  to 
become  so  diffused  among  matter  of  every  kind  as  to 
produce  uniformity  of  temperature.  In  the  preceding 
chapter  we  have  treated  of  the  motions  of  caloric  in 
free  space  and  in  aeriform  fluids,  where  it  moves  by 
radiation.  We  here  therefore  consider  its  motion  in 
homogeneous  bodies,  which,  as  we  have  seen,  is  esti- 
mated by  their  conducting  potoer,  or  to  use  a  better 
word,  proposed  by  M.  Fourier,  their  specific  pennea- 
biliiy :  a  property  peculiar  in  degree  for  each  substance, 
and  independent  of  the  state  of  its  surface. 

Corresponding  to  the  three  physical  states  of  pon- 
derable matter,  we  shall  now  consider  the  specific 
permeability  or  conducting  power  of  heat,  in  solids, 
liquids*  and  gases. 

§  1.  Conduding  Power  of  Solidi, 

Solids.  (199.)  If  heat  or  cold  be  applied  to  the  surface  of 
any  body,  that  is  to  say,  if  caloric  be  added  to  or 
abstract^  from  the  exterior  molecule  of  any  mass  of 
matter,  this  effect  will  be  continued  to  the  molecule 
next  adjoining,  and  so  on.  Thus  the  change  of  tem- 
perature is  transmitted  through  the  mass  of  matter. 
In  this  illustration  we  do  not  consider  whether  the  first 
molecule  exerts  any  influence  upon  the  third,  other 
than  through  the  medium  of  the  second,  or  not; 
neither  is  this  a  question  which  we  are  able  to  resolve ; 
for  if  we  were,  the  doubts  which  have  been  expressed 
at  the  beginning  of  this  chapter,  respecting  the  mode 
of  the  transmission  of  heat,  would  be  at  an  end. 

That  bodies  differ  greatly  in  the  facility  with  which 
they  permit  the  motion  of  caloric  or  transmit  its  effects. 


is  a  matter  of  daily  observation.  If  two  rods,  the  cme  i 
of  metal  and  the  other  of  earthenware,  have  each  wn  >« 
end  placed  in  the  fire,  the  metal  rod  will  become 
heated  much  sooner,  and  the  calorific  effect  will  be 
transmitted  along  it  much  fiirther  than  in  the  earthen- 
ware one.  If  the  rods  be  of  considerable  lengfth,  there 
will  be  found  a  point  in  each,  (the  focus  c^  heat 
remaining  constant)  at  which  the  increment  of  tmi- 
perature  received  from  the  next  preceding  heated 
molecule  being  exactly  equal  to  the  decrement  pro- 
duced by  the  effect  of  radiation,  and  the  contact  of  the 
air ;  no  further  elevation  of  temperature  will  beyond 
that  point  be  produced. 

Although  it  is  not,  as  we  shall  shortly  show,  a  law  of 
rigid  accuracy,  yet  it  may  be  roughly  stated,  that  those 
substances  which  possess  the  greatest  density  have 
also  the  greatest  conducting  power.  Thus  the  metals 
are  the  best  conductors,  then  the  hard  woods,  and 
so  on. 

(200.)  The  relative  conducting  power  has  been  the 
subject  of  many  experiments,  with  a  view  to  ascertain 
whether  any  connection  could  be  traced  between  that 
and  their  other  physical  or  chemical  properties.  Tlie 
metals  seem  to  offer  the  most  promising  subject  lor 
such  researches,  in  consequence  of  their  uniform  natnie 
and  continuity.  How  near  their  solidity  approaches  to 
perfection  we  are  however  ignorant ;  and  in  the  case  of 
woods  and  other  porous  bodies,  the  presence  of  air*  a 
notoriously  bad  conductor,  must  materially  interfere 
with  the  process. 

On  this  principle  alone,  if  not  from  any  other,  we 
may  account  for  the  very  different  conducting  power  of 
the  same  substance  in  different  states  of  aggfregation. 
Thus  a  mass  of  iron  filings  conducts  heat  much  more 
slowly  than  an  integral  mass  of  iron ;  and  saw-dusi 
much  worse  than  the  wood  from  which  it  has  been 
formed. 

(201.)  Amongst  the  earliest  comparative  experi- 
ments those  of  M.  Richman  have  been  thus  briefly 
described.  **  He  enclosed  the  bulb  of  a  thermometer 
in  similar  hollow  balls  of  the  metals,  which  woe 
plunged  into  boiling  water  until  the  thermometer  in 
each  rose  to  the  same  point.  They  were  then  removed 
and  exposed  to  the  atmosphere^  and  the  time  which 
elapsed,  while  the  enclosed  thermometer  cooled  a  cei^ 
tain  number  of  degrees,  was  marked :  the  relatiTe 
conducting  power  was  supposed  to  be  as  the  times  of 
cooling."  His  results  need  not  be  stated,  as  they  are 
rendered  quite  nugatory  by  considering  that  in  &ct  the 
cooling  would  greatly  depend  upon  the  radiation  of  the 
surfaces  of  these  metallic  shells,     (a.) 

(202.)  Franklin's  method  as  employed  by  Ingen- 
housz  in  1780  is  more  direct  and  simple.  Equal  wire» 
of  the  several  ductile  metals  were  passed  through  a  flat 
horizontal  disc  of  wood^  and  all  left  standing  at  a  con- 
siderable but  equal  hei^t  above  its  surface.      This 


300 


HEAT. 


Ifett      results  are  just  subjects  of  comparisoni  and  may  guide 

*"*^V"^^'  us  to  many  useful  explanations  atid  applications, 

AppUca-        Thus  we  are  taught  the  reason  why  wool  and  down, 

twill*        feathers  and  furs,  are  such  warm  articles  of  clothing'; 

because  in  the  ordinary  state  in  which  we  employ  them, 

the  effect   of  their  own  bad  conducting  properly^  and 

that  of  the  air  retained  in  their  interstices,  prevents  the 

abstract  k  on  of  caloric  from  our  bodies.     From  its  porous 

pature,  snow  is  a  very  bad  conductor ;  and  thus  a  mantle 

producitig*  uniformity    of  temperature  is  provided  for 

the   protection   of  vegetables  from  the   more  intense 

colds  of  winter. 

(206.)  Heat  and  cold  when  referred  to  our  -sensa- 
tions are  but  comparative  terms,  and  depend  upon  the 
temperature  of  our  bodies  at  the  lime  of  exfieriment. 
This  admits  of  a  verj^  familiar  illustration.  Let  a  hand 
be  dipped  into  a  basin  of  water  at  about  90°  Fahren- 
heit, and  it  will  feel  warm  ;  then  let  the  hand  he  plunged 
into  another  basin  at  about  70°,  this  will  produce  the 
sensation  of  cold.  But  if  the  same  basin  of  water  at 
70^  be  made  use  of  after  a  bath  of  spring  water,  it  will 
produce  the  sensation  of  wamith.  Thus  the  same 
water  is  warm  or  cold  to  our  sensations,  according  to 
the  state  of  bodily  temperature  at  which  we  make  the 
experiment. 

But  by  the  conducting  powers  of  bodies  we  readily 
explain  another  branch  of  our  sensations.  In  a  room 
of  uniform  temperature  all  substances  in  it  would  pro- 
duce equal  indications  upon  the  scale  of  the  thermo- 
meter. But  if  we  touch  these  different  substances  in 
succession,  very  different  sensations  will  be  produced  ; 
apiece  of  metal  will  feel  much  colder  in  the  ordinary 
state  of  the  atmosphere  than  any  marble  or  stone  or 
glass,  and  these  colder  than  a  table  of  wood  or  a  mass 
of  paper.  The  contrary  will  take  place  if  all  these 
bodies  he  heated  in  the  sun  to  a  temperature  beyond 
that  of  our  animal  heat.  The  reason  is  apparent,  each 
of  these  substances  has  a  different  conducting  power, 
and  that  which  is  the  best  conductor  will  carry  off  heat 
from  our  bodies  with  the  greatest  rapidity,  and  therefore 
will  produce  in  us  the  greatest  sensation  of  cold. 

Again,  it  is  in  consequence  of  Imd  conducting  power 
that  glass  and  earthenware  vessels  are  so  easily  broken 
by  the  sudden  application  of  heat.  The  exterior  por- 
tion which  is  first  afft-ctt^d  undergoes  expansion,  but  as 
this  effect  has  not  been  carried  on  by  the  progress  of 
heat  towards  the  interior  of  the  substance,  the  equili- 
brium of  cohesion  between  the  particles  is  destroyed, 
and  the  vessel  is  broken, 

(207.)  These  principles  also  are  of  fi-equent  applica- 
tion in  the  arts  and  in  domestic  economy*     If  we  w ish 
to  keep  any  body  hot  or  cold,  speaking  comparatively 
with  reference  to  the  mean  temperature  of  the  air,  or 
in  other  words  to  cut  off  the  radiation  and  conducted 
transmission  of  heat,  which   tends  to  produce  equili- 
brium of  temperature  in  all  bodies,  we  must  employ 
clothings   or  screens  of  the  worst  conductors  we  can 
find.     To   keep    the    substance   warm   we  wrap   it  in 
^annel,  to  keep  a  piece  of  ice  from  melting  we  do  the 
^ame.     Air  is,  as  we  shall  ssee,  a  very  bad  conductor; 
Cbcrefore,  in  building  an  ice-house,  in  which  the  object 
is  to  prevent  the  access  of  caloric,  a  double  wall  having 
^   hollow  space  within    is  found  to  be  very  effectual, 
■furnaces  also  are  coated  with  a  paste  of  clay  and  sand, 
^^  prevent  the  dissipation  of  heat.     Wine  coolers  have 
-.^cently  beeti  constructed  for  tJie  purpose  of  confining 
^e  cooling-  etfccts  of  ice,  or  an  artificial  refrigerant 


mixture, — allowing  as  little  loss  as  possible  from  the  C 
heating  influence  of  the  external  air.  To  effect  this»  ^ 
the  outer  tin  case  is  made  double,  so  as  to  leave  a  space 
of  half  an  inch  between  the  two  plates  of  whicb  it  im, 
formed.  This  space  is  either  filled  with  powdere<| 
cliarcoal,  or  letl  vacant ;  and  in  either  case,  a  vessel  ii 
produced  of  which  the  temperature  within  will  remaio 
many  hours  below  that  of  the  external  air, 

(20S.)  M.  Pictet's  experiment  made  with  a  view  to 
ascertain  whether  lieat  were  conducted  more  readily  in 
one  direction  than  in  another^  by  the  same  substance, 
is  worthy  of  observation.  He  contrived  to  enclose  a 
metallic  bar  vertically  in  a  vacuum^  and  then  heated 
it  exactly  in  the  centre.  Thermometers  having  beea 
placed  at  the  upper  and  lower  extremities,  it  was 
found  that  the  upper  one  manifested  an  increase  of 
temperature  more  speedily  than  the  lower  one.     (^.) 

(209.)  The  problem  of  the  communication  of  heat  Im 
solid  bodies,  ha-s,  like  every  other  branch  of  the  subject, 
been  submitted  to  rigorous  analysis  by  Laplace,  Biot, 
Fomier,  and  Poisson.  Of  these,  M.  Biot  is  the  only 
one  who,  as  fur  we  know,  has  compared  actual  experi- 
ment with  numerical  calculation,  and  this  only  in  the 
case  of  a  metal  bar  heated  at  one  extremity.  For  the 
details  we  must  refer  to  his  work.  The  formula  invea* 
tigated  is 


log  3^  =  log  Y 


J 

hea^ 

r  thii^ 


where  y  represents  the  temperature  of  the  air  «ur- 
rounding  the  bar  in  degrees  of  the  thermometer.  Th€ 
temperature  of  tlie  focus  of  heat  being  Y  -f  y.  Thi 
distance  of  the  |>oint  examined  from  the  focus  of  1 
is  J,  and  c,  6,  are  two  coefficients  constant  for 
whole  length  of  any  one  bar  only,  and  determinable  b;  ^^ 
experiment ;  a  is  dependent  on  the  specific  perme^^ 
bility  of  the  bar ;  and  b  represents  the  velocity  c^^ 
cooling  for  each  point  in  the  surface  of  the  bar  coiz^h 
sidered  alone,     (A.) 

(210.)  In  speaking  of  the  effects  of  caloric  commun^E:- 
cated  to  the  surface  of  a  body,  and  tlience  passii—  ^ 
along  through  its  substance,  no  limit  has  been  assigni^BBi 
to  the  mode  in  which  it  may  be  imparted.  Neither 
any  such  of  consequence,  for  the  effect  is  the  same 
far  as  is  known,  whatsover  be  the  source  from  whi-^^ 
the  caloric  emanates.  Such  at  least  is  the  ca^^^ 
wherever  heat  is  communicated  from  the  exterior  ol^^K 

substance,  but  of  course  the  heat  developed  by  perci ^3 

sion,  or  by  Voltaic  action,   is  differently  €]^cited  a-=^H 
propagated.  ■ 

The  differences  existing  between  the  traasmtssion     ^ 

heat  by  the  contact  of  two  substances  possessing  iz ^^ 

equal  temperatures,  seems  simply  to  resolve  itself  ic 
the  case  of  those  bodies  before  mentioned,  (200.)  whi 
differ  in  the  state  of  their  aggregation  i  the  filings  i 
the  saw-dust.  In  such  cases  the  rapidity  with  wfa 
the  one  abstracts,  and  the  other  parts  with  its  exc< 
of  caloric,  follows,  probably,  a  law  arising  out  ^"B 
the  conducting  power  and  capacity  of  each  ho€^~l 
respectively. 

References  from  (19S)  to  (210)  inclu^sivc: 

(a)   Richmann,  Com.  Peirop.,  iv,  p.  241.     {b}  In- — 
genhousi?.  Jour,  de  Phyn.^  xxxiv.  p.  68;   or  NouveUe^^ 
Erp^neHce.f^  p,  3B0.     (e)  Meyer,  Atu  de  Chim.,  nx. 
p.  32.     (d)  Morveau,  J»,  de  Chim.,  xxvi,  p.  225.     (e| 
Rumford,  PhiL  Trans,^  1782,  or  Emtays,  vol.  ii.     {fy 
Humboldt,  Jour,  de  Phtfs.^  xliii,  p.  306,     (g)  Pictet, 
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Heat,  applied  to  its  surface,  we  may  conclude  with  certainty, 
'^-^V^^  that  the  caloric  has  been  conveyed  by  the  conducting^ 
power  of  the  fluid.  In  a  hollow  cylinder  of  ice,  a  ther- 
mometer was  placed  horizontally  at  the  depth  of  one 
inch,  its  bulb  being  in  the  axis  of  the  cylinder,  and  the 
part  of  the  stem  to  which  the  scale  was  attached 
entirely  without.  As  water  could  not  be  employed  at 
the  temperature  at  which  it  is  requisite  to  make  the 
experiment,  on  account  of  the  property  it  possesses  of 
becoming^  more  dense  in  the  rise  of  its  temperature 
from  32^  to  40^',  oil  was  used.  A  quantity  of  almond 
oil  at  32^  was  poured  into  the  ice  cylinder,  ao  as  to 
cover  the  bulb  of  the  thermometer  ^  of  an  inch.  A 
flat-bottomed  iron  cup  was  suspended,  so  as  to  touch 
the  surface  of  the  oil,  and  two  ounces  of  boiling  water 
were  poured  into  it.  In  a  minute  and  a  half  the 
thermometer  had  risen  from  82^  to  32<'.75 ;  in  three 
minutes  to  34<>.5  ;  in  five  minutes  to  36*'.25  ;  in  seven 
minutes  to  37^5,  when  it  became  stationary,  and  soon 
begran  to  fall.  When  more  oil  was  interposed  between 
the  bottom  of  the  cup  and  the  bulb  of  the  thermometer, 
the  rise  was  less ;  but  even  when  its  depth  was  three 
quarters  of  an  inch  the  rise  amounted  to  1^.5.  With 
mercury  the  same  results  were  obtained,  the  thermo- 
meter rising  only  with  much  more  rapidity,  from  the 
mercury  being  a  better  conductor  than  the  oil."  (/.) 

(214.)  Pew  experiments  have  been  made  upon  the 
relative  conducting  powers  of  fluids,  and  little  is  at 
present  known  on  the  subject,  in  consequence  of  the 
difficulty  already  adverted  to,  of  separating  the  trans- 
portation by  motion  from  the  true  conducting  property. 
Obviously  those  substances  which  undergo  the  greatest 
expansion  from  heat  will  possess  the  most  rapid  carry- 
ing power,  (fluidity  being  equal,)  because  in  them 
currents  will  be  formed  with  the  greatest  ease.  Now 
since  alcohol  suffers  a  greater  expansion  from  a  griven 
increment  of  temperature  than  mercui^  does ;  the  cir- 
culation of  its  carrying  currents  must  be  more  rapid  than 
those  in  the  metallic  fluid  ;  but  yet  as  mercury  adopts 
the  temperature  of  a  medium  in  which  it  is  placed  with 
greater  rapidity  than  alcohol  does,  it  must  in  reality  be 
the  better  conductor. 

(215.)  Count  Rumford  found  that  when  a  thermo- 
meter was  surrounded  with  a  body  of  quicksilver,  it 
required  to  be  immersed  in  boiling  water  36}^  seconds 
to  produce  a  rise  of  a  certain  number  of  degrees ;  but 
that  to  produce  the  same  rise  when  surrounded  in  the 
same  manner  with  water,  1 17  seconds  were  necessary. 
in  this,  which  is  obviously  only  a  particular  case  of 
the  general  question,  the  conducting  power  of  water 

is  to  that  of  mercury  as  -rr^  to  r^-,  or  as  313  to  1000. 

Dr.  Traill.  (216.)  Dr.  Traill  endeavoured  to  ascertain  the  con- 
ducting power  of  different  liquids,  by  finding  the  times 
requisite  to  produce  an  increment  of  3®  of  temperature 
in  a  mercurial  thermometer  placed  in  the  liquid  sub- 
mitted to  trial.  The  caloric  was  transmitted  down- 
wards, from  the  extremity  of  a  cylinder  of  iron,  one 
inch  in  diameter,  heated  to  212^  and  suspended  in  the 
liquid,  so  as  to  be  half  an  inch  distant  flrom  the  bulb 
of  the  thermometer.  The  following  are  the  results  in 
minutes  and  seconds  :  (g.) 

Mercury    0' 15'' 

Saturated  solution  of  .mi  phate  of  soda  .  .    6  30 

Water   7     5 

Proof  spirit 8     0  nearly 

Solution  of  sulphute  of  iron  (1  salt  5  water)  8     0 


Liquor  potasse   ^  1^'  ^^P* 

Cow's  milk 8  ^^  '-^V 

Solution  ofsulphate  of  alumina  (saturated)  9  40 

Transparent  olive  oil 9  5® 

Alcohol  (London  Pharmacopoeia) 10  45 

(217.)  Dr.  Thomson  states,  that  according  to  his  ^^ 
experiments  the  conducting  powers  of  mercury,  water, 
and  linseed  oil,  are  in  the  following  ratio :  (A.) 

Water 1         1 

Mercury 2  >equal  volumes. 

Linseed  oil 1.111  J 

Water 1         ^ 

Mercury 4.8       Vequal  weights. 

Linseed  oil 1.085  J 

(218.)  The  conducting  property  of  liquids  hu  ahwDr.Bn 
been  proved  on  optical  principles  by   Dr.  Brewster,     '• 
whose  very  curious  experiments  we  most  reluctantlj 
commit  to  our  readers  through  a  reference  only,  (u) 

References  from  (211)  to  (218)  inclusive: 

(a)  Rumford,  Estays,  vol.  ii.,  or  Thomson's  Cfteinis- 
try,  i.  p.  91.  (6)  Dr.  Hope,  Edin.  Tram.,  v.  p.  894. 
(c)  Thomson,  Nich.  Jour.,  v.  p.  529.  (d)  Nicholson, 
Jour.,  4to,vol.  v.p.  197.  (0  Dalton,  Jfcfawo/ietterMem-, 
V.  p.  473.  (/)  Murray.  Nich.  Jour.,  8vo,  i.  p.  24U 
or  SysL  Chem.,  i.  p.  320.  (g)  Trail,  Nich.  Jour.,  xii. 
p.  137.  (h)  Thomson,  Syst.  Chem.,  i.  p.  98.  (0 
Brewster,  PhU.  Trans.,  1816,  p.  106.  or  Eneydop. 
p.  675. 

§  3.  Conducting  Power  of  Gasa. 

(«19.)  With  regard  to  the  conducting  power  of  aeriuJ  Gmoi 
fluids,  in  the  sense  to  which  we  have  hitherto  applied  it, 
we  are  inclined  to  think  that  nothing  at  all  is  at  present 
known.  Count  Rumford  supposed  them  not  to  possess 
conducting  power  at  all.  If,  however,  we  were  to 
speak  of  permeability  we  arrive  at  the  actual  subject  of 
the  last  Chapter.  Radiation;  for  in  this  sense,  the 
gases  are  highly  permeable,  as  we  have  shown.  Tlie 
experiment  made  by  Sir  Joseph  Banks  and  others,  by 
venturing  into  a  room  heated  to  the  temperature  of 
260°,  and  remaining  there  some  time,  must  prove  thsl 
in  such  a  practical  case  as  is  an  extremely  bad  conduc- 
tor. Water  at  a  much  lower  temperature  would  not 
have  been  tolerable. 

Experiments  towards  ascertaining  the  conducti^ 
power  of  gases  have  been  made  by  Mr.  Dalton,  Sir  H. 
Davy,  and  perhaps  by  others.  They  ascertained  the 
times  of  cooling  required  for  thermometer  bulbs  placed 
in  diiferent  airs.  But  a  little  consideration  will  teach 
us,  that  this  mode  of  cooling  does  not  apply  to  our 
present  question,  because  many  other  incidental  causes 
must  have  interfered  with  the  results,  or,  in  truth,  the 
whole  investigation  refers  to  radiation.  How  can  we 
separate  the  effects  due  to  that  action  ?  or  how  much 
are  we  to  allow  for  the  circulating  currenU  in  the  gases? 
These  questions  it  seems  impossible  to  answer,  and 
without  an  absolute  correction  could  be  obtained  for 
these  disturbing  causes,  we  feel  that  the  real  question 
at  issue  remains  quite  undecided. 

Although  perhaps  the  effect  of  currents  might  be 
guanled  against,  as  in  the  case  of  liquids,  yet  we  do 
not  see  how  the  process  of  radiation  is  to  be  prevented 
in  media  of  such  tenuity ;  and  no  experiments  had 
until  very  recently  been  made,  enabling  us  to  ascertain 
how  much  of  effect  might  be  ascribed  to  conducting 


power,  after  subtraclinpf  the  effect  due  to  radiation  under 
*^  similar  circumstances  in  vacuo. 

We  terminate  this  Chapter  with  the  following  passage 
from  Dr.  Murray. 

**  In  concluding  this  subject,  it  may  h^  ob?»ervefl, 
thai  it  is  principally  by  the  ag-t>ncy  of  fluids,  elastic 
and  non  elastic,  that  the  distribytion  of  caloric  over 
ibe  ^lobe  is  regulated,  and  g^reat  inequalities  of  lempe- 
mtiire  g^uarded  a^inst ;  and  that  this  agency  is  exerted 
chiefly  by  the  circulation  of  which  their  mobility  renders 
them  susceptible. 

**  Thus  tlie  atmosphere,  with  which  the  earth  is  sur- 
rounded, serves  the  important  purpose  of  moderating- 
the  extremes  of  temperature  in  every  climate.     When 
the  earth  is  heated  by  the  sun's   rays,   the  stratum  of 
air  reposing  on  it  receives  part  of  its  caloric,  is  rarified, 
&nd  ascends.     At   the  same  time,  from  a  law  which 
attends   the  rarefaction  of  elastic  fluids,  that  they  be- 
come capable  of  containing  a  larger  qnantity  of  caloric 
at   a    given  temperature,  as  they  become   more  rare  ; 
this  heated  air,  though  its  temperature  falls  as  it  ascends, 
retains  the  greater  part  of  its  heat ;  its  place  at   the 
«arface  is  supplied  by  colder  air  pressing  in  from  every 
aide  ;    and,   by  this  constant    succession,   the  heat  is 
moderated  that  would  otherwise  become  intense.     The 
belted  air  is  by  the  pressure  of  the  constant  ascending 
portions,  forced  towards  a  colder  climate  ;  as  it  descends 
t<»   supply  the  equilibrium,  it  gives  out  the  heat  it  had 
f^c^ived^  and   this  serves  to  moderate  the  extremes  of 
c^old*     There  thus  flow  a  current  from  the  poles  towards 
t^e  equator,  at  the  surface  of  the  earth,   and  another 
superior  current  from  the  equator  to  the  poles ;  and 
tHou^h  the  directions  of  these  are  variously  changed, 
t>y  inequalities  in  the  earth's  surface,  they  can  never  be 
interrupted,  but  produced  by  general  causes  must  always 
operate^  and  preserve  more  uniform  the  temperature  of 
tHe  globe.     Water  is  not  less  usefiil  in  this  respect  in 
time    economy  of  nature.     When  a  current  of  coid  air 
p^iases  over  the  surface  of  a  large  collection  of  water,  it 
receives  from  it  a  quantity  of  caloric  ;  the  specific  gravity 
of  the  water   is   increased,    and    the    cooled   portion 
sinkd.    Its  descent  forcea  up  a  portion  of  wanner  water 


to  the  surface,  which  again  communicates  a  quantity  Chap.  IV. 
of  caloric  to  the  air  passing  over  it ;  and  this  process  s— -n^-^-' 
may  be  continued  for  a  considerable  time,  proportioned  to 
the  depth  of  the  water.  If  this  is  not  very  considerable, 
the  whole  is  at  length  cooled  to  40^,  below  which,  the 
specific  gravity  not  increasing,  the  circulation  ceasea, 
and  the  surface  is  at  length  so  far  coo  ed  as  to  be 
covered  with  ice.  If  the  depth  is  much  greater,  the 
application  of  the  cold  air  may  be  continued  longer 
without  this  result ;  and  in  this,  and  other  countnes 
not  intensely  cold,  it  often  happens  (hat  deep  lakes  are 
not  frozen  in  the  course  of  the  winter.  The  depth  of 
the  ocean  being  greater,  and  the  body  of  water  larger, 
while  from  its  saline  impregnation,  its  points,  both  of 
freezing  and  maisimum  density,  are  lowered  ;  it  resists 
freezing  still  more  effectuallv,  and  is  scarcely  frozen 
indeed,  eicept  in  latitudes  where  the  most  intense  cold 
prevails. 

**The  quantity  of  caloric  thus  communicated  by  water 
is  exceedingly  great.  *The  heat,'  Count  Rumford 
remarks,  *  given  off  to  the  air  by  each  superticial  foot 
of  wat^r,  in  cooling  one  degree,  is  suflicient  to  heat  an 
incumbent  stratum  of  air  44  times  as  thick  as  (he  depth 
of  the  water,  10  degrees.  Hence  we  see  how  very 
powerfiilly  tlie  water  of  the  ocean,  which  is  never 
frozen  over  except  in  very  high  latitudes,  must  contri- 
bute to  warm  the  cold  air  whicli  flows  in  from  the 
polar  regions/  From  this  cause,  currents  must  exist 
in  the  ocean  similar  to  those  formed  in  the  atmosphere. 
The  water,  which  in  the  colder  regions  is  cooied  at  the 
surface,  descends,  and  spreading  on  the  bottom  of  the 
sea,  flows  towards  the  equator,  which  must  produce  a 
current  at  the  surface  in  an  opposite  direction ;  and 
thus  the  ocean  may  be  useful  in  moderating  the  exces- 
sive heats  of  the  torrid  zone,  as  well  as  h\  obviating 
the  intense  colds  of  the  polar  climates.**  {a.) 

References  for  (219  :) 

Consult  {a)  Murray's  Syd.  Ckrm.^  i.  p.  326 ;  Rnm- 
ford*a  Essayn,  il  417;  Berthollet's  Chmdcai  Sialkx,  i. 
p.  465;  Balton,  New  Syii.  Chcm.  PML,  p.  117 ;  PhiL 
Trans.,  177,^  p.  lU  and  484;  Davy.  PhU,  TraftM,. 
1817,  p.  60. 
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CHAPTER  V. 


ON  THE  SPECinC  CALORIC  OF  BODIES. 


Heau  (220.)  It  is  found  that  if  a  number  of  bodies  of  the 

'  same  initial  temperature,  be  so  disposed  that  they  may 
each  receive  equal  quantities  of  caloric  from  some  ex- 
trinsic source,  the  heating  effects  produced  upon  each 
of  them  are  not  equal.  That  is  to  say,  equal  quanti- 
ties of  caloric,  when  communicated  to  different  bodies, 
do  not  produce  equal  increments  of  temperature  upon 
the  thermometric  scale.  Or,  if  heat  be  communicated 
to  several  bodies,  so  that  they  shall  all  at  length  mani- 
fest the  same  apparent  temperature,  the  quantities 
which  they  are  severally  found  to  have  imbibed  are  dis- 
similar. 

This  will  appear  more  familiar  by  an  example.  Let 
1  pound  of  mercury  at  40^  Fahrenheit  be  mixed  with 
1  pound  of  water  at  156^,  and  it  will  be  found  that  the 
temperature  after  mixture  is  about  152^.8  Fahrenheit. 
Now  as  the  quantities  are  equal,  it  might  possibly  have 
been  expected  that  the  temperature  after  mixture  should 
be  the  mean  of  the  temperatures  of  the  substances 


mixed,  or 


156  +  40 


s  98°.     By  the  result,  however, 


it  appears  that  the  water  has  only  lost  3^.7  of  tempera- 
ture, which  being  added  to  that  of  the  mercury,  has 
raised  its  temperature  1 12^8.  But  the  ratio  of  1 12°.3 
to  S"*.?  is  that  of  80.35  to  1.  Hence,  we  say,  the 
specific  heat  of  water  is  to  that  of  mercury,  estimated 
in  equal  weights,  as  30.35  to  1. 

A^^ain,  conversely,  let  1  pound  of  water  at  40^  Fah- 
renheit be  mixed  with  1  pound  of  mercury  at  156® :  the 
calculated  mean  would  be  98®  as  before,  but  the  ob- 
served temperature  of  the  mixture  is  found  to  be  only 
48®.7.  Here  the  water  has  only  gained  8®.7,  but  to 
supply  this,  the  mercury  has  lost  1 12®.8.  By  which 
result  we  arrive  at  the  same  ratio  as  before. 

By  this  or  other  modes  of  experiment,  bodies  are  * 
found  to  differ  greatly  in  the  ratios  of  their  upecific 
caloric.  If  instead  of  employing  in  this  comparison 
the  weights  of  bodies  we  make  use  of  their  volumes,  a 
different  series  of  ratios  is  of  course  obtained.  But  in 
general  the  weight  of  the  substances  has  been  con- 
sidered in  preference  to  their  volume,  as  being  more 
capable  of  accurate  admeasurement.  Tables  of  both 
sorts  have  however  been  drawn  up,  and  the  numbers 
of  the  one  sort  are  easily  reducible  to  those  of  the  other, 
as  circumstances  may  require.  Experiments  of  this 
nalure  have  been  diligenOy  made,  with  the  hope  of 
•discovering  some  general  connection  existing  between 
this  and  other  physical  properties  of  bodies.  The  re- 
MBfch  wBs  loB^  a  fiuitless  one,  but  by  the  introduction 
of  the  atomic  theory,  a  clue  seems  to  have  been  found 
and  oertaia  properties  discovered,  which,  should  they 
.  rjeceive  f>ill  confirmation,  will  stand  among  the  most 
mipc^ss^  ,  i^s^c^  of  philosophical  generalization. 
From  these  general  views  we  obtain  ttUioItowiiig  oefi- 
nition. 


Dbf.  The  relative  specific  caloric  of  bodies,  sodm-  Cb 
times  also  called  their  rdative  capacity  for  lUai^  is  >«^ 
described  by  a  numerical  series,  expressing  the  ratios  8p» 
of  the  different  quantities  of  caloric  necessary  to  be  ^*^ 
communicated  to,  or  abstracted  firom,  a  g^ven  wei^t» 
or  a  g^ven  volume  of  each  substance,  in  order  to  p|0- 
duce  in  it  a  g^ven  change  of  temperature.  .  t , 

Some  writers  have  endeavoured  to  obtain  an  expccp- 
sion  for  absolute  specific  heat,  the  expression,  however, 
necessarily  requires  the  assumption  of  somemeasuieof 
effect ;  to  this  subject  we  shall  recur  hereafter. 

(221.)  As  an  illustration  of  this  definition,  we  hf^a 
shown  in  the  last  Article  that  the  specific  calonc  ■  of 
water  is  to  that  of  mercury  (referring  to  equal  weigfits) 
as  30.35  to  1,  which  is  as  1  to  .033.  Similariy  the 
capacities  of  other  bodies  may  be  compared  with  that 
of  water ;  and  if  we  always  express  its  capacity  by 
unity  in  these  comparisons,  we  obtain  a  series  of  ratioa 
having  the  capacity  of  water  for  the  unit  of  the  scale. 

(222.)    It  is  obvious  that  this  question  may  be  Tk 
applied  to  substances  under  three  distinct  views.  da 

1.  When  the  substances  to  be  compared  are  chemi: 
cally  dissimilar,  but  have  all  the  same  initial  tempora- 
ture.  ^   , 

2.  When  the  same  substance  is  considered  at  diflfeieiil 
temperatures,  though  in  the  same  physical  state. 

3.  When  the  same  substance  is  considered,  but  under 
change  in  its  physical  condition.  ,  ' , 

In  attempting  to  g^ive  a  succinct  abstract  of  t|pc 
researches  of  philosophers  into  the  two  first  caaea 
simultaneously,  a  chronological  order  may  be  preserved 
with  convenience ;  while  all  that  relates  to  the  third 
case,  or,  as  it  is  termed,  the  doctrine  of  latent  kml^ 
may  be  reserved  for  a  similar,  but  independent  nsodeof 
continuous  description. 

Method  of  Mixtures, 

(223.)  It  would  appear  that  Boeriiaave  was  the  first  to 
infer  firom  experiment  that  caloric  is  not  di^trfboUMfto 
bodies  in  proportion  to  either  Ihetr  densiiy  or  thfir 
volume  (6,)  and  some  researches  were  mad^  by  Fah^n* 
heit  under  his  direction.  The  conclusions,  howerer;  ut 
which  he  arrived  were  quite  erroneous,  and  it  ii  to  XJr, 
Black  that  we  are  indebted  for  the  first  accu^te  VieW^ 
upon  this  subject.  In  his  lectures  at  Glasgow  between 
1760  and  1765,  he  tought  that  the  sjjedfic  heat  of 
bodies  differed,  (c.)  Dr.  Irvine  pursued  thi  Subject 
between  1765  and  1770.  (d.)  About  this  time  Wilckc 
of  Stockholiii  applied  himself  to  these  investigations, 
and  quotes  OngenstliernH  as  the  author  who  first  r^ 
co^lsedthc  difference  between  the  specific  heats  of 
bodl^.  Pr6fessot< Thomson,  however,  states  that  Uie 
latf  ProfeiBSOi^'Rbbison  had  told  him  that  Wilcke'3  iu- 
iblrmkfioia  Wild   originjally  bbiained  from   a  Swedish 


Heat. 


Sp6 


f  whence 


HEAT. 


(c)  = 


m  c  (T  —  0 
(m)  (f'-  T) 
(m)  (c) 


T-< 


and  the  formula  sought  — -  —  •,« .  ^      — 

In  a  series  of  experiments  this,  however,  admits  of 
further  simplification ;  for  as  the  expression  for  the  effect 
of  the  vessel  is  constant  in  a  comparative  series  of 
results,  we  may  by  using  the  same  vessel  for  several 
experiments  save  some  trouble  ,  /or  though  in  this  case 
the  mass  of  the  water  m,  may  vary  in  each  experiment, 
yet  the  mass  of  the  vessel  (m)  remains  constant,  and 

therefore  the  value  of ^  in  a  series  of  experiments 

so  conducted  will  be  constant.  Hence  in  each  expe- 
riment it  will  only  be  necessary  to  add  to  the  mass  of 
water  m  a  constant  correction  obtained  from  the  substi- 
tution of  the  actual  values  of  (m)  (c)  and  c.  This 
addition  will  of  course  be  made  in  terms  of  that  unit 
of  weight  to  which  m  refers.  And  hence  in  order  to  a 
correct  result,  as  much  of  the  heated  water  is  to  be 
made  use  of  beyond  the  nominal  quantity,  as  will  give 
to  the  vessel  its  due  share  of  heat,  which  otlierwise 
would  be  stolen  from  the  purposes  of  the  experiment. 

M.  Biot  has  selected  an  example  from  the  experi- 
ments of.Crawfurd.  He  put  40  ounces  of  water, 
temperature  20^.0833  centigrade,  into  a  tin  vessel 
which  itMlf  had  a  temperature  of  42^.916.  The 
common  temperature  when  established  was  20.555. 
Here  m  =  40  ounces ;  t  =  20.0833  ;  f  =  42.916  ; 
T  =  20.555  ;  m  refers  to  English  ounces  ;  and  hence 
(c)  might  be  determined  by  substitution  of  values. 


Butit  has  been  shown  that  the  value  of 


(m)  (c) 


a  con- 


stant quantity  is  sufficient  for  our  purpose,  and  from 
the  formula 

(m)  (c)  _  _    T--t 

— 7-"-^-?":rT 

By  substitution  =  0.84 

that  is  to  say,  the  vessel  takes  up  as  much  heat  firom 
the  experiment  as  will  require  to  be  compensated 
by  an  additional  0.84  of  an  English  ounce  of  hot  water. 

In  order  to  heat  the  tin  vessel  equally  in  Dr.  Craw- 
furd's  experiment,  it  was  fitted  exactly  into  a  similar 
vessel  of  tin,  which  was  then  plungMl  into  a  water 
bath  until  the  full  efi*ect  had  taken  place,  and  the  tem- 
perature of  the  bath  was  of  course  estimated  by  a 
thermometer. 

(230.)  Another  source  of  error  in  this  method  of 
mixtures  arises  from  the  loss  of  temperature  between 
the  instant  at  which  the  mixture  is  made,  and  that  at 
which  uniformity  of  temperature  is  established  and 
measured.  Crawfurd  endeavoured  to  obtain  a  correc- 
tion for  this  error  by  observing  the  law  of  progressive 
cooling  of  the  mixture  for  some  time,  and  thence  ob- 
taining by  calculation  a  correction  to  be  added  to  the 
observed  value  T,  to  make  up  for  the  loss.  This,  how- 
ever,  is  a  matter  of  gpreat  difficulty  and  delicacy  ;  and 
even  were  the  operation  easy,  there  is  no  certainty  that 
the  law  of  increment  is  the  same  for  the  mixing*  as  for 
the'  mixed  substances. 


Caioriiucter 


Method  by  mdting  of  Ice, 

(231.)  We  now  proceed  to  the  experiments  of  M. 
Lavoisier  in  1777,  and  those  made  in  conjunction  with 


M.  Laplace,  and  published  in  1780.  (/.)  In  thcM  Clia]) 
a  new  instrument  and  a  hew  method  of  investigation  ^^*v 
were  adopted.  This  method  consists  in  employing  tlie 
heat  to  be  given  out  by  the  body,  for  the  liquefaction  of 
ice.  The  water  thus  obtained  is  the  measure  of  the 
heat  produced.  This  method  was  employed  by  ^Vf, 
Lavoisier  and  Laplace,  and  the  calorimeter  eonUiv^ 
for  these  experiments  has  been  already  described  in 
article  (150.) 

It  may  be  well  to  remark,  that  the  principle  rf 
this  instrument  chiefly  consists  in  the  influence  of  the 
exterior  case  of  ice  contained  between  the  two  metallic 
vessels  A  B  C  D,  A'  B'  C  D',  fig.  18  ;  for  it  is  that 
envelope  which  by  its  presence  continues  the  tempera- 
ture of  the  ice  within  at  zero  C**,  and  hinders  it  from 
fusing,  except  by  the  action  of  the  body  introdueed 
within  its  central  space. 

Suppose  this  body  a  solid,  and  of  a  nature  not.  to 
change  its  state  between  the  temperature  of  melting 
ice  and  boiling  water ;  then  having  brought  it  to  aaj 
temperature  t  comprised  between  these  limits,  ^i\d 
measured  in  degrees  of  the  mercurial  thermometer;  Ut 
it  be  placed  in  the  calorimeter,  and  left  to  cool  down  to 
0°  C.  Arrived  at  this  point  we  shall  find  that  the  quantity 
of  ice  which  it  has  melted,  is  proportional  to  the  nimiber 
of  degrees  t ;  so  that  if  in  cooling  from  10^  to  0*  it  has 
melted  1  kilogramme ;  it  will  in  passing  from  20*  to  0® 
melt  2  kilogrammes,  and  3  in  cooling  from  30®  to  0*, 
and  so  on  throughout  the  thermometric  scale.  But 
the  constancy  of  this  ratio  will  be  different  for  different 
bodies  of  the  same  given  mass.  For  example,  if  a 
certain  weight  of  sheet  iron  heated  to  30®  has  fused 
11  kilog^rammes  of  ice,  the  same  weight  of  mercury 
raised  to  the  same  temperature  will  only  fuse  3  kilo- 
grammes. Quantity  is  here  an  essential  element;  for 
a  double  or  triple  mass  of  the  same  substance  melta 
a  double  or  triple  quantity  of  ice  under  the  same 
circumstances. 

That  we  may  form  a  clear  idea  of  these  results,  and 
deduce  accurate  consequences  from  them,  let  us  take 
for  the  unit  of  caloric  the  imkuown  quantity  of  that 
principle  which  is  requisite  to  fuse  a  kilogramme  of  ice 
at  0® ;  and  let  j?  represent  the  total  and  unknown  num- 
ber of  such  units,  which  at  the  temperature  of  melting 
ice  are  contained  in  each  kilogramme  of  a  body  A,  in 
whatsoever  mode  that  caloric  may  exist,  whether  lixed 
and  in  combination;  or  free  and  capable  of  undergoing 
change  by  radiation  with  other  bodies  in  free  space ; 
or  even  by  portions  in  all  these  different  states.  If 
now  we  raise  the  temperature  of  A  to  T  degrees  on  the 
mercurial  thermometer,  and  then  leave  it  to  cool  to  QP 
in  the  calorimeter,  there  will  be  melted  a  certain  nun. 
ber  of  kilogrammes  of  ice,  which  we  may  rq>re8eiit  by 
N ;  then,  according  to  our  previous  assumption,  N 
expresses  also  the  new  quantity  of  heat  necessary  to  lie 
introduced  into  the  body  to  elevate  its  temperature  to 
T^.  But  experiment  proves  that  between  0«  and  100^ 
the  number  N  is  proportional  to  the  number  T  -of 
degrees,  at  least  as  long  as  the  body  does  notchange 
its  physical  state.     Consequently,  if  we  divide  N  by  T; 

the  quotient  — ,  which  we  may  call  c,  will  eqinna 

between  these  limits  the  number  of  kilogrammes  of 
ioe  which  the  body  is  ci^Mible  of  melting  in  lowuing  its 
temperature  one  degree ;  and  the  tome  quotient  will 
eiqpress  also  in  terms  of  our  primary  unit,  the  quantity 
of  caloric  necessaiy  to  raise  or  lower  its  temperatum 


9m                                              H  JB  A  T. 

UigU.          As  thei^  numbers  are  so  constantly  referred  to  for  a  mass  of  water  of  ^ual  weigrht  would  requine*..  ,71)(i  ^ 

'  /mmparison  with  other  substances,  we  shall  do  well  to  almost  absolute  constancy  of  die  value  of  e  for  ofiqpcmgi  VflS 

reipember,  that  the  cUnolute  specific  heat  of  water  equals  throughout  that  part  of  the  thermometric  scale  b^W^n 

unity  divided  by  the  temperature  of  that  water  which  ttie  freezing  and  boiling  of  water  is  a  (fict  worthy,, gf 

just  melts  an  equal  volume  of  ice.    And  that  this  result  notice ;   for  it  hence  follows,  that  within;  those  ,Iiin|(9 

flames  out  in  degrrees  of  whatever  scale  may  be  used  the  quantities  of  heat  introduced  into  that  subst^i^di 

for  the  estimation  of  the  temperature.  are  justly  proportional  to  the  elevation  oC  temp^n^tiiligp 

(233.)    If  we  divide  the  absolute  specific  heats  of  measured  in  degrees  upon  the  scale.     But  these  degr^f|i 

bodies  estimated  on  either  scale  by  these  quantities  themselves   are   measured  by   the  dilatatigyis  of  tlif 

respectively,  we  shall  obtain  the  series  of  relative  spe-  mercury,   and  are  proportional  to  those  dilatatiooa; 

cific  heats,  referred  to  that  of  water  adopted  as  the  unit  therefore  the  dilatations  of  mercury  within  the  liaiitfi  of 

of  the  scale.     But  in  order  that  we  may  repass  from  the  thermometric  scale  are  proportional  to  the  iafra- 

these  values  to  absolute  results,  it  is  always  necessary  ments  of  caloric  received. 

to  include  the  absolute  specific  heat  of  water.     The  (236.)  It  were  unjust  to  pass  by  the  name  of  Cn^n^ 

following   are  a  few  results  of  this  sort  g^ven  by  furd  without  acknowledging  him  to  have  been  one  cif 

Lavoisier  and  Laplace :  the  most  laborious  and  praiseworthy  experimentaUatp 

in  this  department  of  science.     The  objects  to  which 

Common  water 1.00000  his  researches  tended  were  of  first  rate  importance^  fiir 

Sheet  iron   0.11051  he  thought  that  he  had  obtained  an  elucidation/  wf  tte 

Glass  without  lead 0.19290  source  of  animal  heat,  by  investigating  the  changes  of 

Mercury 0.02900  capacity  which  attended  the  effects  of  respiration  upop 

Red  oxide  of  mercury     0.05011  the  blood.      In    1788  his  Euay  on  Animal  Htoi 

Lead   0.02819  appeared,   and   though  the  whole  foundation  of  his 

Red  oxide  of  lead 0.06227  reasoning  has  been  proved   to  be  unstable,  yet  tho 

Tin 0.04754  numerous  experiments  which  he  made  upon  the  specifio 

Sulphur 0.20850  heats  of  bodies  were  conducted  with  great  care^  and  m 

Olive  oil 0.30961  still  justly  regarded  with  interest    fe.) 

Quidt  lime 0.21689 

According  to  the  signification  which  we  have  attri-  Meyer's  Process.                           -y 

buted  to  the  coefficient  c,  the  ratios  contained  in  this  /oo^r  \   k\^„*  *k;    ^-^    ur         j    •    j        ^t                  — 

♦-Kio  «,«^  \^^^Ai^*^}^  o^A  ♦«  oa«s««.o*^  »».««^^^ii»  (237.)  About  this  time  Meyer  devised  another,  pro*     M* 

i„d«^  therein.    Tb«.  the  n«a.ber  0.029;  correspond-  TZ  :^Z  ^^^-^^  T^^JT^^^ZlV^. 

Ing  to  mercury,   shows  that  a  mass  of  mercury  m  thermometric  scale.     Thesf  time!  were  considei«i  to 

cooling  IJ  pves  out  a  quantity  of  calonc  sufficent  j^  „  y,^           .^.^^  ^j^ ,       ^       ^             ^^j^ 

0.029  .     A  mass  of  quick  lime  in  cooling  1°  might  j^i..„«  «i.„  „_„•«     u    .       -X      r           .                 T 

—:—  tK-  t^^^.^t„^  «f  .n   ««..oi   ».«..  «p  «,„*-,  deduce  the  specific  heats  with  reference  to  mass,  «k 

l^^^^i  *'2P*™^V".f  "»  fJt'L"'"*',  "f  '"^**''  »nust  divide  the  number  thus  obtained  by  the  spedlk 

0.21689O.     Hence  It  follows,  that  the  cJonc  pyen  j^j^^  ^  ^^  substances  respectiyely.    ^         ^^ 

out  by  a  mass  of  mercury   m  cooling   1°  would  be  **                                              v,     A  %  \.       i 

,                         ,     !;            0.029  Hence  Sp.Cal.  by  mass  =  5Pi^1:^- 

equal  to  elevate  the  same  mass  of  quick  lune     o,^qq  '                       S.  G. 

0.21689  This  method  is  highly  approved  by  Professor  Leslie, 

s:  0^.134.     Here  the  scale  on  which  the  degrees  are  who  recommends  it  strongly  in  his  interesting  wbdl 

counted  is  unimportant,  because  it  is  the  same  in  both  upon  heat,  (m.)     There  i^  also  the  authority  of  Mr; 

valuations.  Dalton   in  its  fevour,  who  conceives  that  it  has  ^ 

(284.)  Moreover,  if  we  multiply  the  numbers  of  this  advantage  over  the  method  of  mixture,  being  indefMiii^ 

,,1,.^                    .,,              .«,  ^^^^  ^^  *"y  inaccuracy  in  the  mercurial  thermometer. 

Uble  by  — ,  which  expresses  the  absolute  specific  heat  (n.)    This  method  seems  chiefly  adapted  to  substani^ 

of  water  in  degrees  of  Reaumur,  we  shall  have  the  }f  ^^  ^,'1"^1/^'^*  ^""^  ^^^  following  remarks  upon  ft 

weights  of  ice  which  one  unit  weight  of  each  of  these  ^Jj^^  ^*.*«  Mr.  Murray  are  not  unworthy  of  attentunu 

substances  could  melt  in  coolmg  through    1«  upon  The  prmciple  however,  on  which  it  rests   is  not  j4^ 

^          ^    I          4  for  the  coolmg  of  bodies  depends  on  o(her  circuiUI 

that  scale.     If  we  made  the  multiplication  by  —  or  — -,  stances  than  their  capacities.     It  is  influenced  both  M 

.     ,j    ,,  .     ,,           ,                   u  A.    1        *    .  ^^^  radiating  and  conducting  powers.     Any  eitcft 

we  should  obtain  the  analogous  result  for  1  centesi-  indeed  from  the  former,  may  be  avoided  by  th4  mVWU 

mal  degree.     These  then  would  be  the  t^uie  specific  j^  ^^ich  the  experiment  has  been  performed  by  Leatie 

heats  of  ttie  substances  included  m  the  table.     For  ^nd  Dalton,  giving  the  same  external  surface  to^e 

example,  dividing  thus  the  number  0.66139   (which  \^y  ^hile  cooling,  by  including  it  in  a  glass  irlbbe: 

Velongs  to  nitrous  acid)  by  60,  we  again  find  the  num.  But  it  is  not  possible  entirely  to  obviate  the  latter.     It 

l)er  0.010232  which  we  obtamed  before  as  the  absolute  jg  obvious,  in  the  example  of  a  mass  of  matter  a^'i 

Xalue  of  its  specific  heat  high  temperature,  communicating  the  exbess  of  ftff  liWi 

^  (285.)  It  seems  Uiat  mercury  has  a  very  low  degree  to  the  surrounding  medium,  whether  by  the  iiil^A^ 

of  .specific   heat     To  raise  the  temperature   of  this  ti^^  of  a  vessel  containing  it,  or  not,  thkt  tf  if/lfe  Titt 

fcliiJd    1*    there  only  tequires  -^  of  that  which  imperfwt  conductor  of  crioric.  the  attend 

i^uiu   *,  vuc«        j^    ^          j^^  slowly  fix>m  the  int^rnWWttifii'tolthe^tirffey^^ 
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Heat     portion  for  the  difTerence  between  Ike  temperatores  of 
^v^^^  ^  calorimeter  and  the  tube. 

Hie  method  of  determining  by  means  of  ascending 
and  descending  series,  the  maximum  temperature 
which  each  current  of  gas  would  communicate  to  the 
ealorimeter,  has  been  already  described;  but  as  it 
would  have  been  tedious  to  obtain  this  maximum  by 
the  sole  influence  of  the  current  of  gas,  the  calorimeter 
was  brought  nearly  to  that  point,  by  applying  the  heat 
of  a  small  spirit  of  wine  lamp  ;  the  action  of  the  gas 
was  then  allowed  to  proceed  until  the  slowness  of  the 
heating  or  the  cooling  of  the  calorimeter  showed  that 
the  maximum  effect  was  not  distant  more  than  three  or 
four  tenths  of  a  degree.  This  diflference,  though  small, 
was  nevertheless  very  perceptible  in  the  experiments ; 
for  the  temperature  of  the  calorimeter  was  measured  by 
a  thermometer,  on  the  scale  of  which  one  centesimiJ 
degree  occupied  a  length  of  ten  millimetres,  which  per- 
mitted the  measurement  of  tenths  and  the  estimation 
of  hundredths  of  a  degree.  This  thermometer  had  a 
cylindric  reservoir,  in  length  equal  to  the  depth  of  the 
calorimeter,  so  that  it  accurately  measured  the  mean 
temperature  of  the  various  strata  of  water  contained 
in  it 

It  was  essential  to  determine  most  accurately  the 
temperature  of  the  current  of  gas  at  its  entrance  into 
the  calorimeter.  This  temperature  was  always  rather 
below  100^;  for  however  short  the  glass  conducting 
tube  might  be,  we  may  easily  suppose  that  the  gas 
must  cool  a  little  in  passing  through  it.  To  estimate 
that  cooling,  a  very  sensible  thermometer  was  placed 
within  the  tube  itself^  at  the  point  where  it  entered  the 
calorimeter,  and  this  thermometer  continued  steadily 
between  95°  6,  and  92°.6,  according  to  the  nature  of 
the  gas.  But  certain  trials  proved  that  the  tempera- 
ture thus  indicated  was  always  rather  inferior  to  that 
of  the  gas  itself;  and  as  that  temperature  could  not 
possibly  ei^ceed  100<>,  it  seemed  not  far  distant  from 
the  truth  to  take  the  mean  of  these  two  values,  that  is 
to  say,  to  consider  the  temperature  of  the  gas  as  inter- 
mediate between  100°,  and  the  temperature  indicated 
by  the  thermometer  in  the  tube.  Another  thermometer, 
placed  at  the  very  point  from  which  the  gas  issued, 
proved  that  it  escaped  exactly  at  the  temperature  of  the 
water  contained  in  the  calorimeter. 

Finally,  it  remained  to  bring  all  the  results  into  a 
comparable  state ;  for  it  was  of  course  physically  im- 
possible to  operate  always  upon  gases  at  the  same  tem- 
perature and  pressure,  even  if  there  were  no  other  cause 
beyond  the  onlinary  changes  of  the  atmosphere.  With 
this  view  the  authors  made  two  auxiliary  experiments 
upon  atmospheric  air,  under  difl^nt  pressures.  These 
pressures  were  easily  obtained  by  means  of  the  gaso- 
meters employed.  It  was  only  neaessary  to  alter  the 
height  of  the  tubes  which  permitted  the  introduction  of 
air  into  the  vessels.  In  an  experiment  of  this  sort,  the 
gasometers  were  so  adjusted,  as  to  give  a  pressure  of 
1".0058 ;  fbr,  to  the  natural  pressure  of  the  atmosphere, 
which  was  0"*.7527,  there  was  an  additional  one  of  a 
column  of  water,  3^.44  in  height,  equivalent  to  0".2531 
of  Tirercury.  The  current  was  sucft  as  to"^convey  in  10 
minutes  through  the  calorimeter  81.1  litres  of  air,  taken 
originally  at  the  temperature  5° ;  which  is  equivalent 
to  80^53,  if  taken  at  0°  originally.  This  current,  heated 
to  100°,  and  then  employed  as  in  the  other  experi- 
ments, raised  the  temperature  of  the  calorimeter  to 
1^.117  above  the  surrounding  air ;  the  heat  communi- 


cated by  the  conducting  tube  bemg  properiy  dedactod.  ^ 
This  air  entered  the  calorimeter  at  96°.90  ;  it  iasned  at  ^^ 
22^882 ;  therefore  it  suffered  a  depression  of  tempem* 
ture  of  74^.068.  Let  C  be  the  total  quantity  of  ' 
disengaged  from  it ;  and  if  we  suppose  that  the  i 
heat  of  each  gas  remains  constant  throughout  the  i 
of  the  thermometrical  scale,  when  the  pressure  is 
stent,  it  is  clear  that  one  litre  of  air,  under  a  pressim 
of  1"*.0058,  as  in  the  present  case,  and  cooled  in  a 

C 
similar  manner,  would  have  disengaged  qqTq  being  in 

proportion  to  its  mass  ;  whence  it  follows  that  it  would 

only  ha,e  di^ngaged  3^  ^3  ^^^^^^  in  cooling  down 

1^  But  we  have  seen  that  the  quantity  C  is  propor- 
tional to  the  permanent  excess  of  the  temperature  of 
the  calorimeter  above  that  of  the  surrounding  air. 
Therefore  that  excess  may  be  taken  for  the  measure  of 
the  heat  diseng^aged,  representing  it  by  the  number  of 
degrees  of  the  thermometer  to  which  it  corresponds : 
then  the  actual  value  of  C  will  be  16M17,  and  the 

"^^^^30.53  X  74.068  °'  0°0^71274  will  expreas 
the  elevation  of  temperature  at  which  the  calorimeter 
may  be  maintained  by  the  passage  of  one  litre  of  air, 
taken  originally  at  the  temperature  of  O''.  C,  imder  a 
pressure  of  1'°.0058,  and  cooled  at  1^  But  in  another 
experiment,  made  at  a  pressure  of  0.7405,  it  appeared 
that  35^99  of  air  measured  also  at  0°  in  cooling  througfa 
72^.415,  had  continued  the  elevation  of  the  cfdorimeler 
at  15°.423,  which  by  a  similar  mode  of  calculation 

15.423 
fi^^^   35.99  X  72.415   or  0°.00591778  for  the  quaa- 
tity  of  heat  disengaged  under  these  new  conditions,  by 
one  litre  of  air  cooling  one  degree.     Dividing  the  Ibr- 

0.0071274 
mer  result  by  the  latter,  we  have  q  00591778  ~  1*20441 

for  the  ratio  of  the  quantities  of  caloric  disengaged  by 
two  equal  volumes  of  air,  at  equal  temperatures  when 

1.0058 
the  ratio  of  the  pressures  is  ^  „.q^  or  1.35827.  A  se- 
ries of  similar  experiments  gave  for  the  mean  ratio 
of  the  quantities  of  caloric  1.2396  instead  of  1.20441. 
So  that  a  variation  of  0.35827  in  the  density,  prodneea 
only  a  variation  of  0.2396  in  the  quantities  of  caloric;. 
Now,  let  us  suppose  a  given  volume  of  air,  taken  at  • 
pressure  p,  has  diseng^ed  a  quantity  of  heat  C,  nueai 
sured  by  the  number  of  degrees  which  if  raises  tiki 
temperature  of  the  calorimeter  above  that  of  the  air ;  if 
we  represent  the  number  of  degrees  which  the  samo 
volume  of  air  would  have  produced  under  the  samo 
circumstances  as  to  temperature,  but  under  some  othm 
pressure  p\  by  the  quantity  C  (1  4-  2)  ;  we  may  Br  m 
sufficiently  near  approximation  suppose  the  proportion 

0.35827  :  0.2396  1 1  ^-^  ..  , 


whence 


0.2396 


P 


;?.tW5827  .  .ryi' 

Thus  did  our  authors  proceed,  and  .they  were  tboiodtii. 
justified  in  doing  so,  because  all  their  experiments  took 
place  under  the  natural  pressure  of  the  atmosphere, 
and  therefore  presented  but  slight  variations  of  pres- 
sure. We  perceive  also  from  the  same  reason,  that  the 
assumption  of  the  constancy  of  the  specific  heats  could 
not  produce  any  appreciable  error  in  the  reduction ; 
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Heat.  To  deduce  the  second  column  from  the  first,  the 
'  specific  gpravities  are  employed  which  are  given  in 
p.  881,  book  i.  Biot's  Physique;  the  specific  heat  of  the 
vapour  of  water  was  obtained  by  comparing  the  cooling 
of  the  calorimeter  effected  by  dry  air,  with  that  pro- 
duced by  air  saturated  with  moisture  at  a  temperature 
of  40**.  This  required  that  the  atmosphere  surround- 
ing the  calorimeter  should  be  kept  rather  above  that 
temperature,  in  order  that  no  precipitation  of  vapour 
might  take  place ;  for  the  great  evolution  of  caloric 
that  must  accompany  any  such  precipitation,  would 
have  produced  very  considerable  error  in  the  result. 

These  results  are  only  relative.  To  make  them  abso- 
lute, we  must  obtain  the  actual  value  of  some  one 
among  them ;  that  is  to  say,  we  must  ascertain  for 
some  one  gas,  atmospheric  air  for  example,  the  quan- 
tity of  ice  which  a  given  volume,  under  a  given  pres- 
sure, is  capable  of  fiising  by  cooling  down  1°;  or 
which  is  the  same  thing,  the  quantity  of  water  which 
it  would  boil ;  or,  lastly,  the  increment  of  temperature 
which  it  could  produce  in  a  given  mass  of  water.  But 
the  last  result  may  be  deduced  fi-om  the  experiments 
themselves.  In  fact  we  know  the  weight  m  of  water  con- 
tained in  the  calorimeter,  as  also  the  mass  of  the  sheet 
copper  and  the'  solder  of  which  it  is  made.  The 
copper,  according  to  Crawfiird,  has  a  relative  specific 
heat  of  0.112;  and  solder,  an  alloy  of  lead  and  tin,  may 
be  considered  as  having  a  specific  heat  intermediate 
between  those  of  its  two  metals,  that  is  of  0.038. 
From  these  data  we  may  calculate  the  number  of 
grammes  of  water  to  which  the  sides  of  the  instrument 
are  equivalent ;  and  adding  this  to  the  mass  m,  we 
have  m  +  /*,  the  grammes  of  water  represented  by  the 
whole  instrument.  Here  the  number  was  596^.8. 
But  in  the  first  experiment  above  cited  85^99  of  air, 
measured  at  0^  C,  and  under  a  pressure  0*".7405,  if 
heated  to  100**,  produced  a  current  which  in  cooling 
down  72^.415  maintained  the  calorimeter  stationary  ten 
minutes  at  a  temperature  of  15^784  above  the  sur- 
rounding air ;  whence  it  follows,  that  such  a  current 
then  fiimished  to  the  calorimeter  just  as  much  heat  as 
it  lost  to  the  surrounding  air.  This  loss  it  is  easy  to 
estimate ;  for  we  have  only  to  stop  the  current  of  gas, 
and  allow  the  calorimeter  to  cool  spontaneously,  and 
observe  the  law  of  its  refrigeration,  calculate  the  loga- 
rithmic curve  that  represents  it,  and  obtain  from  the 
formula  the  initial  velocity  of  refiigeration.  In  fact  if 
we  call  (y)  +  T  the  initial  temperature  of  the  calori- 
meter, (y)  being  that  of  the  surrounding  air,  and  find 
that  after  t  minutes  the  former  quantity  is  reduced  to 
(y)  4-  y  we  know  that  the  law  of   cooling  will  be 

logy  =  log  T--^<. 

In  this  formula  M  is  the  modulus  of  the  common 
logarithmic  tables,  or  2.802585  ;  and  the  coefficient  a, 
as  in  electric  experiments,  expresses  the  proportion  of 
refrigeration  in  the  unit  of  time ;  that  is  to  say,  the 
number  of  degrees  which  the  refrigeration  would  take 
away  fi'om  a  body  continued  during  that  whole  time  at 
an  elevation  of  1^  above  the  temperature  of  the  sur- 
rounding air.  This  proportion  firom  the  nature  of  the 
law  remains  the  same  as  long  as  the  refiigeration 
continues. 

If  we  wish  to  ascertain  the  effect  upon  the  initial 
temperature  T,  we  must  obtain  the  value  of  a  T  firom 
our  equation :  thus 


MTQogT-logy) 
t 
Whence  we  perceive  that  this  value  is  known 
we  know,  in  addition  to  the  initial  value  of  T,  any 
single  value  of  y  observed  after  any  time  t.  But  m 
the  experiment  on  atmospheric  air,  above  mentioned* 
Delaroche  and  Berard  had  at  first  the  initial  excess 
T  =  15^.734;  and  by  a  subsequent  observation  thej 
found  I  =  20  minutes,  y  =  12^847 ; 

whence  a  =  0°.0101865,  and  aH  =  0°.159474. 

Knowing  that  the  number  of  degrees  communicmted 
to  the  calorimeter  by  the  g^  in  one  minute,  we  have  for 
10^  ten  times  that  quantitv  =  1^59474;  a  similar 
series  of  experiments  gave  1^5996.  But  the  85^99  of 
air  employed  to  produce  the  current  weighed  45'.49«  as 
may  be  calculated  from  the  data  in  Biot,  PAys.,  book  i. 
p.  387  ',  and  the  effect  produced  was  upon  596S.8  of 
water,  by  the  air  cooling  down  72°.415.  The  relative 
specific  heat  of  air,  under  the   pressure  above  men- 

^.       ^       596.8  X  1.5996  ^««^« 

tioned  =  --— zttttt-  or  =  0.2898. 

45.49  X  72.415 

Other  processes  gave  results  almost  exactly  identicalt 
though  always  rather  inferior.  By  taking  a  mean,  and 
reducing  the  efiects  to  what  they  would  have  been  if  the 
refrigeration  had  taken  place  under  a  pressure  of  0™.76, 
the  authors  decided  upon  the  number  0.2669,  as  repre- 
senting (under  that  pressure)  the  specific  heat  of  air 
referred  to  water  as  unity.  By  multiplying  all  the  re- 
lative specific  heats  obtained  for  a  given  weight  of  each 
gas,  by  this  common  factor,  they  obtained  the  following 
table  : 

Specific  Heat 

Water 1.0000 

Atmospheric  air 0.2669 

Hydrogen  gas   8.2986 

Carbonic  acid  gas 0.2210 

Oxygen 0.2861 

Azote 0.2754 

Oxide  of  azote  . 0.2369 

Olefiant  gas 0.4207 

Oxide  of  carbon 0.2884 

Watery  vapour 0.8470 

Each  of  these  results  expresses  the  elevation  o€ 
temperature  which  one  gramme  of  each  gas  would 
produce  in  one  gramme  of  water,  by  itself  cooling  one 
centesimal  degree.  By  dividing  each  number  by  75 
we  obtain  the  number  of  grammes  of  ice  at  0°  which 
the  same  refrigeration  could  melt ;  and  by  dividing 
them  by  100,  we  obtain  the  number  of  grammes  of 
water  which  it  would  bring  fit)m  the  temperature  of 
melting  ice  to  that  of  ebullition. 

It  ipust  be  remarked,  however,  that  these  results  are 
the  expressions  for  a  very  complicated  phenomenon. 
By  the  method  in  which  the  experiments  are  made,  the 
gases  contract  as  they  cool,  since  they  have  to  become 
always  equivalent  to  the  same  pressure ;  and  thus  th^ 
density,  when  they  enter  into  the  calorimeter,  is  less 
than  when  they  issue  fi'om  it.  The  calorific  effect  then 
which  they  produce  upon  that  instrument,  is  the  effect 
compounded  of  the  heat  which  they  disengage  both  in 
cooling,  and  in  contracting  at  the  same  time ;  instead 
of  which,  in  order  to  obtain  the  simple  results,  we 
ought  to  be  able  to  observe  these  effects  separately ; 
first  having  determined  the  quantity  of  heat  which  each 
gas  disengages  in  cooling  down  within  a  given  space. 
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juid  of  course  under  a  constant  volume ;  and  then  also 

£jfce  quantity  which  it  disengages,  when  its  volume 

^giAifetg^  the  exterior  temperature  remaining  constant. 

^Khe  separation  of  these  two  phenomena  appears  ex- 

A:areindy  diflBcult;   but  it  is  indispensable,  in  order  to 

^i^litain  simple  results,  and  to  investigate  the  exact  laws 

rhiA  regulate  these  operations.     A  similar  inconve- 

ience  presents  itself  in  experiments  upon  the  specific 

«at8  of  liquid  and  solid  bodies,  as  they  also  necessarily 

tfontnct  as  they  cool ;   but  as  the  variation  of  their 

volume  is  much  less  considerable,  we  may  suppose  that 

evoltttioa  of  heat  which  it  occasions  is  also  very 

U,  compared  with  that  which  arises  from  the  dimi- 

-^tion  of  temperature,  (i)  and  (cc.) 

(841.)  The  question  of  capacity,  as  referring  to  gases 

▼apours,  has    been    submitted   to   maUiematical 

iysia  by  M.  Laplace  in  the  Xllth  Book  of  the  Mica^ 

le  C^UsU^  and  perhaps  still  more  successfully  and 

iprehensively  by  M.  Poisson.  (z.)     For  these  inves- 

__  tions,  which  are  not  susceptible  of  abridgement,  we 

'ust  refer  to  the  original  memoir ;  but  as  it  may  be  a 

'  of  convenience  to  some  to  have  the  formula  at 

we  here  subjoin  those  which  are  of  practical 

"l  g  ==  A  +  B  (266.67  +  0)  p^  C 

{ ^-  ay } 

fte  former  expresses  the  augmentation  of  heat  of  a 

-_        ^Ls,  and  the  latter  the  ratios  of  the  quantities  of  heat 

^•^^^t  by  a  gramme  of  air,  0  being  the  number  of  centi- 

&  ^^c-^ade  degrees,  p  and  ]/  the  pressures  for  a  unit  of 

^^^P^jrfiice»  A  and  B  constant  coefficients,  and  k  a  coeffi- 

^^  ^ent  whidi  varies  for  different  gases,  which  has  been 

^^^^^md  ^  1.3750  for   atmospheric  air,  by  MM.  Gay 

^--^^^missae  and  Wdther,  and  which  expresses  the  ratio  of 

^'K^«cific  gravity,  under  a  constant  pressure,  and  at  a 

^^^^nstant  volume. 

In  the  second  paragraph,  M.  Poisson  applies  the 
^'Xrst  of  the  above  formulae  to  the  vapour  of  water,  C 
l^«j.ing  the  quantity  of  heat  necessary  to  reduce  to 
^^agpoiir  a  grtotune  of  water  under  a  pressure  of  76™, 
^^  "th^'tetdperatare  100^  the  formula  then  becomes, 

^  «%  + J(«6«.67  +  ^(2:^«)^-  366.67.} 


The  coefficient  C  has  been  found  =s  650 ;  the  cocrffi-  Chap.  V. 
cient  y  =  0.8470,  according  to  MM.  Delaroche  and  ^«^»v-*^' 
ISerard ;  and  as  to  the  coefficient  k,  it  has  hwa  fbond 
by  remarking  that  the  quantity  of  heat  contained  In 
each  gramme  of  vapour  is  sensibly  the  same  at  all 
temperatures,  when  a  certain  space  is  saturated  with 
vapour ;  thus  it  has  been  found,  that  when  0  =  50% 
the  tension  of  the  vapour  H  =  0<°.088742,  whence  it 
appears  that  by  substituting  this  value  for  A,  and 
making  the  coefficient  of  y  =0,  A:  =  1.073.  The 
author  then  refers  to  this  formula,  that  which  expresses 
the  quantity  of  heat  necessary  to  form  a  volume  V  of 
vapour  at  the  temperature  0,  and  at  the  tension  hi  it  is 

h.v     187.33.  Q  ,  .     ^  ^      ^ 

V  ^ :   and  it  snows  that  the  ouan* 

0°'.76      266.67+^'    «iiu   iv  auuw»  uiai  uic  4UWI 

tity  Q  does  not  undergo  an  appreciable  variation  for 
steam  engines. 

In  the  third  paragraph,  the  author  considers  the 
mixture  of  two  gases,  of  which  the  volumes  n  and  n'  are 
different,  filling  a  volume  v  at  the  temperature  0;  c  and 
c'  being  the  specific  heats  of  a  gramme  of  these  g^ases 
under  a  constant  pressure  p,  c^^the  specific  heat  of  the 
mixture,  c^  c/  and  c/  representing  the  same  specific 
heats  respectively  under  a  constant  volume,  k  kf  and  V' 
the  ratios  of  the  former  specific  heats  to  the  second 
ones ;   the  author  deduces  this  formula, 

^,  _    nkc^-^-n'k' cj 
nCf  -\-  n'  cf 

from  which  it  appears  that  the  ratio  A;^  with  reference 
to  the  mixture  is  not  independent  of  the  pressure  p, 
and  that  therefore  the  same  formules  do  not  apply  both 
to  simple  g^ases  and  mixtures  of  gases,  this  ratio  not 
being  apparently  constant,  except  for  air  and  the 
vapour  of  water. 

(242.)  In  order  of  time  we  next  find  some  experi*  Dr.  Ure. 
ments  on  the  specific  heat  of  a  few  liquids  made  by 
Dr.  Ure,  throughout  a  considerable  range  of  tempen^ 
ture.     Of  these  we  shall  grive  the  author's  own  descrip* 
tion,  abstracted  from  his  paper  on  muriatic  acid,  (a?.) 

**  A  thin  glass  globe,  capable  of  holding  1800  grains 
of  water,  was  successively  filled  with  this  liquid,  with 
strong  muriatic  acid  S.  G.  1.192,  and  with  that  of  S.O. 
1.152;  and  being  in  each  case  heated  to  the  same 
degree,  was  suspended  with  a  delicate  thennometer 
immersed  in  it,  in  a  lai^g^e  room  of  uniform  temperature. 
The  comparative  times  of  cooling  through  an  equal 
range  of  the  thermometric  scale  were  carefully  noted 
by  a  watch  in  each  case*  The  following  were  the 
results : 


Globe,  with  water  cooled  fix)m  124"^  to  66""  Fahrenheit,  in  122  minutes. 

Ditto        dilute  acid 124   to  66 102    do. 

Ditto        strong  acid    124  to  66   88     do. 


-rurte;-:: 


itselfhad.a  capacity  for  heat  equal  to  that 
tjpf  w^r.     Hen^ein  the   three  cases 
^Howifijg'relatioils  between  the  quantities 
IjodliBd  'i^d  the '  times  <yf  cooling : 

'^"  "^    .;.  WxlOO  _ 
w- '  1900  -f  150 


V 


*""*'"'/  '   ■*  'joy  X  itH) 


46' 


Strong  acid 


88'  X  100 


=  36^^ 


2154   +  250 

*'  If  water  be  called  unity,  or  1.000,  then  the  diln^ 

acid  is  0.735,  and  the  strong  acid  is  0.586.     TheM 

numbers  represent  the  specific  heats  by  experim^AL 

But  the  dilute  acid  ought,  fit)m  calculation,  to  hm 

the  mean  capacity  for  heat,  corresponding  to  6  sti^ur 

^^UA^—.         6x0586  +  4  X l.Od  ^^ 

atfid  4-4  of  waters 1^  '        ac*75W. 


2t 
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We  »ee»  therefore,  tbat  the  capacity  h  diminished  in  the 
tt*  ratio  of  .735  to  .7516,  to  which  cause  the  evolution  of 
heat  is  due, 

**  Conceiving  that  I  observed  in  the  successive  stages 
of  cooling  of  the  several  liquids  indications  of  the 


relative  specific  heats,  varying  at  different  tempcn^    Chi 
tures»  I  made  the  following  experiments  to  decide  this  ^/^ 
interesting  point     The  same  glass  globe  and  thermo- 
meter were  employed. 


Water  cooled  from 210*'  to  150*^  in  2l\b    and  from  150*»  to  9a«  in  57' 

Concentrated  oil  of  vitriol    210   to  150   in  17.0     and  from  150  to  90  in  80^ 

Spermaceti  oil,  S.  G.  0.915 210   to  150   in  12.75  and  from  150  to  90   in  29 

Oil  of  turpentine,  S.  G.  0.875.  .   210   to  150   in  11.25  and  from  150   to  90  in  25.83 


Hence,  including  the  specific  heat  of  the  vessel,  and 
the  difference  of  density  of  the  liquids,  we  get  the  fol- 
lowing equations : 

Upper  range.  Under  range . 


Water 
Sulphuric  acid 
Spennaceti  oil 
Oil  of  turpentine 


1.950 
17' 


3. 

12^75 

1.940 

ir.25 

1.875 


=  4'.6 


=  6'.57 


=  6'.0 


1.950 
89.38 
3.695 
29^ 
1.940 
25^83 
1.875 


=  10'.64 


=  15^.0 


=:  13'.8 


'*  And  reckoning  water  unity. 

Upper  range.        Under  range. 

Water 1.000  ....    1.000 

Sulphuric  acid   0.418 0.364 

Spermaceti  oil    0.597 0.513 

Oil  of  turpentine 0.545 0.472 

**  The  ratios  of  the  sulphuric  add  and  of  the  two  oils 
are  obviously  proportional  to  one  another  in  both 
ranges ;  but  the  specific  heat  of  the  water,  compared 
with  these  bodies,  increases  in  a  remarkable  ratio  as  its 
temperature  falls.  Had  I  continued  the  experiments 
to  still  lower  degrees  of  the  thermometer,  this  difie- 
rence  would  probably  have  become  greater.  But  when 
the  substance  operated  upon  approached  the  tempera- 
ture of  the  atmosphere,  which  was  then  firom  55^  to  60* 
Fdireoheit,  the  cooling  was  too  slow  to  permit  the 
intcarvals  of  time  to  be  marked  with  the  requisite  pre- 
cision. 

"  Hitherta  the  i^ecific  heats  of  bodies  have  been 
compared  with  that  of  water,  either  at  the  fi'eezing 
temperature,  as  in  the  calorimeter  of  Lavoisier  and. 
I^aplace,  or  by  admixture,  or  rate  of  refrigeration  at 
very  moderate  heats.  In  aU  these  cases  the  capacity 
of  water,  being  at  a  maximum,  has  caused  other  bodies 
to  stand  relatively  low  upon  the  capacity  scale.  The 
mean  capacity  of  water,  between  that  of  freezing  and 
boiling,  is  probably  to  be  placed  at  about  the  hundredth 
degpree  of  Fahrenheit's  scale. 

**By  thus  possessing  at  ordinary  atmo^herical  heats 
its  maximum  specific  caloric,  water  is  peculiarly  fitted 
for  performing  its  important  function  of  a  magazine 
and  equalizer  of  temperature  to  the  terrestrial  globe." 

Dulong  and  (248.)  Proceeding  towards  the  dose  of  this  branch 
Petit.  of  our  subject,  we  have  yet  one  more  very  important 
series  of  experiments  to  examine.  These  were  nuide 
by  BfM.  Dulong  and  Petit,  and  published  in  1817.  In 
the  part  which  concerns  us  at  present,  they  refer  to  the 
experiments  of  Crawfurd  and  De  Luc,  made  with  a 
view  to  ascertain  whether  the  specific  heats  of  liqiods 
remained  constant  at  all  temperatures,  measured  upon 


the  scale  of  the  mercurial  thermometer.  Crawffard 
convinced  himself  that  there  was  a  slight  variation  in 
the  capacity  of  water  during  the  first  100  degree^  wli9e 
De  Luc  considered  that  there  was  no  such  varialioAr 
Mr.  Dalton,  who  has  exerted  great  labour  and  ingenoltj 
upon  all  the  doctrines  of  heat,  considered  that  the 
capacity  of  a  mass  of  matter  did  not  remain  constant^ 
bemuse  one  portion  of  heat  is  employed  in  produeiiig 
dilatation ;  but  that  if  a  given  volume  were  estUBated* 
the  capacity  might  be  considered  as  constant 

This  point  MM.  Dulong  and  Petit  investigate  by 
employing  the  method  of  mixtures  as  in  (2sS)}  mni 
(224),  extending  their  observations  to  an  interval  of 
from  0^  to  350*  upon  the  thermometric  scale.  The 
experiments  were  made  upon  metals  difficult  of  fusion  ; 
wherein  the  excellence  of  the  conducting  power,  and 
the  homogeneity  of  the  substances  /ormed  additional 
recommendations.  The  metals  were  formed  into  cir- 
cular discs,  weighing  from  about  2  to  8  English  pounds. 
The  baths  employed  for  the  immersion  and  heating  of 
the  metals  were  of  boiling  water,  boiling  mercuiy, 
or  oil  heated  to  a  g^ven  temperature.  Afier  the  melals 
l*ad  been  heated  in  these  baths,  they  were  instantly 
plunged  into  water,  and  the  temperature  thus  commu- 
nicated measured  with  extreme  care.  For  aU  the 
minute  details  of  these  experiments  we  must  refer  our 
readers  to  the  memoirs  of  the  authors  themselves* 

The  high  capacity  of  iron  compared  with  other 
metals,  and  the  power  of  heating  it  most  accurately  Uk^ 
boiling  mercury,  made  them  select  this  substance  for 
their  first  experiments.  The  capacity  of  water  is  con- 
sidered unity,  and  the  following  table  shows  the  general 
result  of  several  experiments  which  accorded  wdl  with 
each  other : 

Mean  specific  heat  of  iron  fitmi  0°  to  100"*  =  O.IOM 
Mean  specific  heat  of  iron  from  0  . .  200  =s  O.Il&O 
Mean  specific  heat  of  iron  from  0  . .  800  s=  0.1218 
Mean  specific  heat  of  iron  from  0  . .  850  =  0.1295 

The  general  result  showing  in  which  direction  thar 
variation  took  place  in  these  experiments,  is  confirmed 
by  the  following  table,  including  some  other  metals : 


Mean  specific  heat 
between  0°  and  100^. 


Mean  ipecific  heat 
between  0<»  and  8000. 


Mercury   0.0330 0.0350 

Zinc 0.0927 0.1015 

Antimony 0.0507 0.0549 

Silver  0.0557 0.0611 

Copper 0.0949 0.1013 

Platinum 0.0355 0.0855 

Glass    0.177     0.190 

It  is,  then,  with  the  capacities  of  solid  bodies  as  with 
their  dilatabilities,  both  increase  with  their  tempera, 
tures,  as  measured  upon  the  air  thermometer.  They 
would  increase  still  more  if  the  mercurial  thermometer 
were  employed,  which  is  contrary  to  the  opinion  of 
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the  process  of  Meyer,  pointed  out  a  necessary  precau- 
tion, of  the  importance  of  which  Meyer  was  not 
aware,  that  of  always  enclosing  the  body  in  a  vessel  of 
one  kind  of  matter,  for  the  sake  of  avoiding  the  error 
arising  from  inequalities  in  the  radiating  power  of  the 
surfaces.  But  of  all  the  sources  of  error,  there  is  one 
which  it  is  most  important  to  avoid,  and  which  has 
not  been  regarded  by  either  Meyer  or  Leslie ;  it  is  that 
which  arises  from  the  unequal  conducting  power  of  the 
substances  compared.  The  influence  of  this  cause  is 
less  in  proportion  as  the  volume  of  the  substance 
operated  upon  is  diminished,  and  the  loss  of  heat 
slowly  carried  on.  These  two  then  are  important  con- 
ditions to  be  observed ;  but  they  seem  diflicult  to  act 
upon  simultaneously,  for  by  diminishing  the  mass  of 
any  substance,  we  augment  the  velocity  with  which  its 
heat  is  dissipated.  By  endeavouring,  however,  to 
unite  all  those  causes,  which  for  any  given  mass  con- 
spire to  retard  the  cooling,  we  may  (as  experiments 
have  proved)  obtain  such  conditions  that  the  different 
conducting  power  of  the  bodies  operated  upon  shall 
have  no  sensible  influence  upon  the  estimate  of  their 
ci^acities. 

The  first  method  which  presents  itself  for  attaining 
this  object,  consists  in  making  the  experiments,  witli 
the  substance  itself  elevated  only  a  few  degrees  above 
that  of  the  surrounding  bodies.  Thus  all  the  experi- 
ments referred  to  hereailer,  were  made  within  an  in- 
terval of  temperature  comprised  between  10°  and  5^ 
centigrade  of  excess  above  the  ambient  medium.  In 
this  case  the  utmost  nicety  in  the  measure  of  the  tem- 
peratures is  requisite :  for  even  a  slight  error  in  this 
estimate  might  occasion  a  much  more  serious  one  in 
the  final  result.  By  making  the  experiments  upon  all 
substances  at  the  same  temperature,  we  avoid  all  un- 
certainty arising  from  the  graduation  of  the  thermo- 
meter ;  and  by  observing  that  instrument  with  a  lens  of 
considerable  power,  MM.  Dulong  and  Petit  say  that 
they  are  confident  of  having  no  error  above  -rh-fr  of  a 
degree,  which  cannot  produce  any  appreciable  error  in 
the  calculated  specific  heat  of  the  body.  It  is  evident, 
however,  that  all  these  precautions  would  be  insufiicient, 
if  the  temperature  of  the  surrounding  medium  were 
^ot  precisely  tlie  same  in  all  cases,  and  during  the 
whole  time  of  each  experiment.  Tliis  condition,  how- 
ever, was  fulfilled,  by  placing  the  body  in  a  vessel  of 
very  thin  substance,  blacken^  within,  and  covered  on 
all  parts  with  a  thick  envelope  of  melting  ice. 

*'  To  this  first  mode  of  retarding  the  refrigeration, 
without  removing  from  the  admeasurements  that  pre- 
cision which  they  ought  to  maintain,  another  is  added, 
the  influence  of  which  may  be  calculated  by  knowing 
the  laws  of  the  communication  of  heat  It  results 
firom  these  laws  that  the  rate  of  a  substance  cooling, 
may  be  C€Bteru  paribus  much  diminished  when  the 
surface  possesses  only  a  very  slight  radiating  power ; 
and  is  placed  in  a  highly  dilated  atmosphere.  To 
comply  with  these  conditions,  the  experiments  were 
made  upon  solids  reduced  to  extremely  fine  powder. 
In  this  state  they  were  strongly  pressed  into  a  cylin- 
drical vessel  made  of  very  thin ,  silver,  and  of  small 
capacity,  having  in  the  axis  the  bulb  of  a  thermo- 
meter serving  to  indicate  the  progress  of  refrigeration. 
This  vessel  was  then  placed  in  the  centre  of  the  enclo- 
sure, and  the  air  within  dilated  to  a  very  slight  degree 
of  tension,  (about  2  millimetres,)  taking  care  to 
reproduce  exactly  the  same  in  each  experiment" 


By  precautions  like  these,  even  when  the  most  dense 
substances,  such  as  gold  and  platinum  were  examined,  ^ 
the   masses   did  not  exceed  30   grammes   (about  9 
English  ounces,)  and  in  the  most  rapid  instances  of 
cooling  the  duration  was  at  least  15  minutes. 

By  comparing  the  specific  heats  thus  obtaiiivd,  for 
substances  the  worst  conductors,  with  those  estimated 
by  the  method  of  mixtures  or  by  the  calorimeter,  the 
coincidence  of  the  results  g^ve  a  very  convincing  proof 
of  the  exactness  of  the  process  adopted. 
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Specific  heats. 
Specific  heat  of  water  »  1. 

Relative  wcighu 
of  the  atoms. 
Oxygen  «=■  1. 

Products  of  the 

atomic  weight  y 

the  capacity. 

Bismuth..    0.0288 

13.30 

0.3830 

Lead  ....    0.0293 

12.95 

0.3794 

Gold 0.0298 

12.43 

0.3704 

Platinum  .   0.0314 

11.16 

0.8740 

Tin 0.0514 

7.35 

0.3779 

Silver....    0.0557 

6.75 

0.3759 

Zinc    0.0927 

4.03 

0.3736 

Tellurium.  0.0912 

4.03 

0.3675 

Copper   ..    0.0949 

3.957 

0.3755 

Nickel     ..   0.1035 

3.69 

0.3819 

Iron     ....    0.1100 

3.392 

0.3731 

Cobalt     ..    0.1498 

2.46 

0.3685 

Sulphur  . .   0.1880 

2.011 

0.3780 

Dulong  and  Petit,  An,  de  Ch.  et  de  Ph.,  x.  408. 

This  table  represents  the  capacities  of  certain  simple 
bodies,  and  is  limited  to  those  cases,  of  the  accuracy 
of  which  the  authors  felt  perfectly  convinced.  Tlie 
column  expressing  the  atomic  weights  (see  Cheau8tky) 
of  the  substances,  is  given  for  the  purpose  of  bringing 
forward  the  very  important  law  which  Uie  authors  think 
they  have  established.  By  a  bare  inspection  of  the 
table  it  appears  that  (allowing  for  the  unavoidable 
.errors  of  experiment)  the  capacity  of  each  simple  body, 
multiplied  by  the  weight  of  the  atom,  is  a  constaol 
quantity. 

'*  We  may,"  say  they,  *'  by  means  of  this  table  eanly 
calculate  the  ratios  which  exist  between  the  capaci- 
ties of  atoms  of  difierent  kinds.  To  pass  from  th^ 
specific  heats  furnished  by  observations  to  the  speciBc 
heats  of  the  atoms  themselves,  it  is  enough  to  divide 
the  former  by  the  number  of  atoms  contained  in  a 
given  weight  of  the  substances  to  be  compared.  But 
it  is  obvious  that  these  numbers  of  particles  are  for 
equal  weights  of  matter  reciprocally  proportional  to 
the  densities  of  the  atoms.  Hence  our  result  is  ohr 
tained  by  multiplying  each  of  the  capacities  obtained 
by  experiment  by  the  weight  of  the  corresponding 
atom.  Such  are  the  products  contained  in  the  laat 
column  of  the  table.  .  The  number  and  the  diversity  of 
the  substances  we  have  operated  upon  do  not  permit 
us  to  consider  our  results  fortuitous,  and  we  think  we 
are  authorized  to  deduce  the  following  law  from  them. 

'*  The  atoms  of  all  timpU  substances  have  exat^  tht 
same  capacity  for  hecU, 

**By  remembering  the  uncertainty  which  as  yet 
attends  the  fixing  the  specific  weights  of  the  atoms,  we 
may  ecisily  conceive  that  the  law  just  established  would 
change  the  form  of  its  enunciation,  if  we  adopted  a  sup. 
position  concerning  the  density  of  the  atoms  different 
from  that  which  we  have  admitted  ;  but  under  all  cir- 
cumstances this  law  would  involve  the  expression  of  a 


318 


HEAT. 


Heal,  fluid ;  nay  more,  nitre  where  it  is  in  the  soKd  state ; 
•"V""^  produce  by  their  decomposition  with  combustible  bodies, 
certain  quantities  of  heat,  which  differ  little  from  that 
which  would  be  produced  by  a  volume  of  gaseous 
oxygen  equal  in  quantity  to  that  contained  by  the  sub- 
stances. This  remark,  which  ought  to  have  raised  a 
doubt  concerning  the  truth  of  the  fundamental  law, 
only  caused  a  restriction  of  its  generality.  It  was 
supposed  that  in  certain  combinations  oxyg^  was 
capable  of  retaining  a  proportion  of  heat  almost  as 
great  as  that  which  was  essential  to  its  constitution  as 
a  gaseous  fluid.  Some  facts  still  more  recently  ob- 
served, seemed  even  not  to  be  capable  of  explanation 
upon  that  theory,  but  by  admitting  that  oxygen  in  some 
cases  of  combination,  retained  a  quantity  of  heat,  even 
superior  to  that  which  it  possessed  in  the  free  state. 
Such  are  the  detonations  produced  by  mixing  chlorate 
of  potash  with  certain  combustibles,  or  the  spontaneous 
explosions  of  the  euchlorine  of  Sir  H.  Davy,  and  of 
the  chloride  and  iodide  of  azote. 

'*  This  explanation  was  subsequently  extended  to  all 
combinations,  and  it  was  regarded  as  a  principle  suffi- 
ciently established,  that  one  body  in  combining  with  a 
certain  number  of  others,  might  g^ve  out  a  greater  or 
less  proportion  of  its  own  proper  caloric,  according  as 
in  each  case  the  different  degrees  of  the  affinity  of  the 
elements  in  contact  produced  a  more  or  less  intimate 
approximation  between  their  molecules.  It  is  the 
degree  (essentially  variable)  of  this  approximation, 
which  has  been  designated  by  the  word  Condensation, 
so  frequently  employed  in  the  language  of  chemistry. 

'*  Such  is  the  theory  almost  universally  adopted  in 
France.  Some  foreign  chemists  have  pointed  out  its 
inaccuracy,  and  have  modified  it  in  many  points,  but 
without  advancing  any  rigorous  proof  either  against 
the  opinion  which  they  attack,  or  in  support  of  the  one 
they  wish  to  substitute  in  place  of  it. 

'*  We  perceive,  then,  that  the  different  explanations 
relative  to  the  developement  of  heat  in  chemical  com- 
binations, are  reducible  to  simple  assertions,  derived 
from  the  first  hypothesis  of  Lavoisier.  It  is  surprising, 
that  since  the  period  which  gave  rise  to  that  doctrine, 
no  one  has  exposed  it  to  more  severe  examinations, 
and  that  even  from  the  results  already  known,  all  the 
arguments  have  not  been  collected  which  might  have 
been  brought  forward  against  it.  We  are  of  opinion, 
that  the  relations  which  these  experiments  point  out 
between  the  specific  heats  of  simple  substances,  and 
those  of  their  compounds,  no  longer  permit  us  to  sup- 
pose that  the  heat  evolved  during  chemical  action  only 
owes  its  origin  to  that  heat  which  produces  a  change 
of  physical  state,  or  to  that  which  we  regard  as  com- 
bined with  the  material  molecules.  We  have  the 
greater  reason  for  rejecting  this  entirely  gratuitous 
hypothesis,  because  we  are  able  to  explain  the  pheno- 
menon in  a  much  more  satisfactory  manner. 

''In  fact,  Sir  H.  Davy  long  since  showed  that  by 
forming  a  communication  between  the  two  poles  of  a 
Voltaic  pile' with  a  small  bit  of  charcoal  plac^  in  a  gas 
unfitted  for  combustion,  this  substance  may  be  kept  in 
a  state  of  vivid  ignition  as  long  as  the  pile  remains  in 
activity,  without  the  charcoal  undergoing  the  slightest 
alteration.  On  the  other  hand,  we  may  conclude  from 
the  extensive  series  of  galvanic  experiments  made  by 
MM.  Hissinger  and  Beraelius,  and  also  from  those  of 
M.  Davy,  that  all  substances  which  do  combine,  find 
themselves  with  regard  to  each  other  at  the  instant  of 


combination  exactly  in  the  same  electrical  conditioQ  as 
the  two  opposite  poles  of  the  pile  respectively.  Is  it 
not  then  probable  that  the  same  cause  which  produoM 
the  incandescence  of  the  charcoal  in  the  beautiful  expe- 
riment above  cited,  is  identical  with  that  which  to  a 
greater  or  less  degree  elevates  the  temperature  of  die 
substances  in  the  act  of  combination  ?  This  is  at  leut 
a  supposition  founded*  upon  the  strongest  analogies^ 
and  which  deserves  to  be  pursued  through  all  Us 
consequences. 

"At  the  same  time  we  are  far  from  arguing  that 
those  changes  of  physical  constitution  which  result 
from  chemical  combinations  perform  no  part  in  tbs 
developement  of  the  heat  which  accompanies  them ;  WB 
only  wish  to  assert  that  in  the  case  of  very  energetie 
combinations,  this  cause  generally  produces  only  a  Twy 
small  portion  of  the  total  effect. 

"In  terminating  this  memoir  we  cannot  nlsBtlv 
pass  by  another  very  important  application  to  whicn 
the  exact  knowledge  of  the  specific  weight  of  the  atoms 
would  lead  us.  If,  as  we  have  every  reason  to  hopsb 
we  shall  arrive  by  means  of  the  pr^^ing  considera- 
tions at  the  determination  of  that  element  withcertainty, 
we  shall  be  enabled,  setting  out  with  the  true  densitiss 
of  bodies,  to  calculate  the  ratios  which  exist  betwesa 
the  distances  of  their  atoms :  and,  it  is  easy  to  peroehns 
of  what  consequence  it  would  be,  in  the  midst  of  m 
number  of  philosophical  theories,  to  be  able  to  estaUiA 
a  comparison  between  the  distances  of  the  atoms,  and 
certain  phenomena  which  it  is  reasonable  to  supposs 
are  connected  with  that  new  element.  It  is  in  enr* 
mining  under  this  view  the  question  of  dilatations,  tbat 
we  may  hope  to  arrive  at  some  simple  laws,  which  as 
yet  are  entirely  unknown.  Some  attempts  fbimdsd' 
upon  the  observations  of  different  philos<^her8,  aod 
upon  some  which  we  had  made  for  a  different  purpoiSy 
have  led  us  to  consider  it  extremely  probable,  that  sons 
very  simple  relation  exists  between  the  dilatabilityef 
liquids  and  the  distances  of  their  molecules.  TIlS 
beautiful  observation  of  M.  Gay  Lussac,  of  the  identi^ 
of  the  contractions  of  carburet  of  sulphur  and  aloohcH, 
setting  out  from  their  respective  points  of  ebullitioi^ 
comes  in  confirmation  of  our  opinion ;  for  these  two 
liquids  present  this  remarkable  peculiarity,  that  at 
the  temperatures  at  which  they  have  been  compared, 
the  distances  between  their  atoms  are  almost  exacUy 
the  same ;  but  previously  to  the  extending  those  re- 
searches which  might  be  made  upon  this  subject,  it  Is 
absolutely  essential  that  the  question  of  specific  heats 
should  be  cleared  up  as  much  as  possible,  and  that  all 
those  consequences  to  which  it  may  lead,  touching  tlie 
knowledge  of  the  constitution  of  bodies,  should  be 
primarily  deduced."     (t£.) 

(248.)  We  are  convinced  that  the  importance  of  the 
subject,  and  the  novelty  of  these  views,  will  appear  to 
all  our  readers  a  sufficient  reason  for  the  length  of  the 
above  extract.  It  is  true  these  are  but  the  opinions  of 
two  individual  experimentalists,  but  these  are  well  known 
as  of  the  highest  order  in  ability  and  research;  whetbar 
this  beauti^l  step  towards  generalization  may  saftlj 
be  admitted  as  a  fact  proved,  future  researches  mmt 
decide,  and  it  is  with  a  view  to  call  the  attention  of 
English  experimentalists  to  this  point,  that  so  ample  a 
view  of  the  question  has  here  been  brought  forwuni. 

A  general  table  of  the  specific  heat  of  various  sub- 
stances is  given  in  the  appendix.  No.  XV. 
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Heat  Southern  in  1808.  He  found  H  in  three  expoiments 
— v^»  made  at  very  hi^h  temperatures,  942^  942^  and  950^ 
(Rob.  Mech,  Phil,  p.  165.)  The  experiments  of  Lavoi- 
sier make  it  rather  more  than  1000^.  According  to 
Rumford  it  amounts  to  1040^.8.  Dr.  Ure,  in  a  set  of 
experiments  lately  puUished,  states  it  at  967"^.  {Phil. 
Tram,,  1818,  p.  388.)  Thus  we  have  the  latoit  heaU 
of  steam  as  follows  : 

Watt 950* 

Southern 945 

Lavoisier 1000 

Rumford 1040.8 

Ure 967 


Mean 980.5 

Mr.  Southern  made  a  set  of  experiments  to  deter- 
mine the  latent  heat  of  steam  raised  to  a  much  higher 
temperature,  and  possessing  much  greater  elasticity 
than  common  steam.  The  following  table  exhibits  the 
results  which  he  obtained  : 

Temperatnre  Elasticity  of  steam  Latent 

of  steam  m  inches  of  mercury.  heat 

229° 40 942*^ 

270 80 942 

295 120 950 

From  these  results  it  seems  to  follow  that  the  latent 
heat  of  steam  is  a  constant  quantity,  whatever  be  its 
temperature  and  elasticity.  An  opinion,  however,  of  Mr. 
Southern,  which  Mr.  Watt  informs  us  he  has  long  en- 
tertained, deserves  the  attention  of  chemists,  and  the 
exercise  of  their  ingenuity  to  contrive  methods  of  put- 
ting it  to  the  test  of  experiment.  When  air  increases 
in  bulk,  its  temperature  at  the  same  time  diminishes. 
Hence  if  a  portion  of  air  were  gradually  expanded, 
and  at  the  same  time  supplied  with  heat  so  as  to  keep 
the  temperature  unaltered,  this  additional  dose  of  heat 
would  not  be  indicated  by  the  thermometer,  or  would 
be  latent.  There  is  every  reason  to  believe  that  the 
same  thing  holds  with  steam.  The  latent  heat  of 
steam  then  is  in  reality  twofold :  1st,  the  latent  heat 
of  elastic  fluidity,  or  that  which  changes  it  from  a 
liquid  to  an  elastic  fluid ;  2nd,  the  latent  heat  of  expan- 
sion, or  the  heat  which  becomes  latent  as  the  steam 
expands.  It  is  the  first  of  these  only  that  can  be  con- 
sidered as  a  constant  quantity. 

Hiis  view  of  the  subject  deserves  the  greater  atten- 
tion, because  it  enables  us  to  explain  a  phenomenon, 
which  at  first  view  seems  paradoxical.  It  is  well  known 
that  if  we  expose  any  part  of  the  body  to  steam  of  the 
temperature  212°,  we  receive  a  very  severe  bum  ;  but 
we  may  plunge  our  hands  into  steam  heated  to  260°  or 
higher,  without  any  injury  whatever.  Steam  of  212°, 
when  issuing  with  violence  irom  an  orifice,  is  invisible 
for  some  q>ace,  or  retains  all  the  properties  of  an  elastic 
fluid,  and  it  is  while  in  this  state  that  it  possesses  the 
property  of  scalding.  But  high  pressure  steam  becomes 
a  doud  the  instant  it  comes  into  the  open  air.  I  con- 
ceive the  reason  to  be,  that  hig^  pressure  steam  expands 
whenever  it  comes  into  the  open  air ;  the  latent  heat  of 
expansion  therefore  is  suddenly  increased.  Heat  be- 
comes latent  at  the  expense  of  latent  heat  of  elastic 
fluidity.  A  portion  of  the  steam  is  therefore  reduced 
to  the  state  of  particles  of  water.  Hence  the  cloud 
which  is  formed.  That  portion  which  still  remains 
in  the  statA  of  vapour  is  dien  mixed  with  particles  of 
water  and  of  air.  Consequently  its  particles  are  too 
far  from  each  ofter  to  enable  it  to  scald.     Thus,  sup- 


pose the  temperature  of  the  steam  to  be  850^  its  eIa«tE-  C 
city  will  be  twioe  that  of  air;  whenever  it  goes  into  the  V. 
atmosphere  its  bulk  instantly  doubles.  A  gfreat  deil 
of  its  sensible  heat  is  absorbed  by  the  increase  of  balk, 
and  the  sensible  heat  being  reduced,  part  of  the  steam 
is  converted  into  water.  Thub  I  conceive  the  tempera- 
ture is  rendered  too  low  for  scalding  the  human  body. 

By  the  experiments  of  Dr.  Black  and  his  friends,  H 
was  ascertained,  that  not  only  water,  but  all  other 
liquids  during  their  conversion  into  vapour,  combine 
with  a  dose  of  caloric  without  any  change  of  tempera- 
ture ;  and  that  every  kind  of  elastic  fluid,  during  its 
conversion  into  a  liquid,  gives  out  a  portion  of  heat 
without  any  change  of  temperature.  The  only  persons 
who  have  tried  to  determine  the  latent  heat  of  other 
elastic  fluids,  as  far  as  my  information  goes,  are  Covint 
Rumford  and  Dr.  Ure.  The  former  only  determined 
the  latent  heat  of  alcohol,  but  Dr.  Ure  made  experi- 
ments on  a  considerable  number  of  fluids.  The  follow- 
ing table  exhibits  the  results  of  these  experiments  : 
Elastic  fluids  from  Latent  heats. 

Vinegar  (sp.  gr.  1.007) 875^ 

Liquid  ammonia  (sp.  gr.  0.978) 837.28 

Nitric  acid  (sp.  gr.  1.494)    531.99 

Alcohol  (sp.  gr.  0.825) 442 

Alcohol 477  to  500 

Sulphuric  ether  (boiling  point  112^)  302.379 

Petroleum 177.87 

Oil  of  turpentine 177.87 

The  above  determinations  are  all  from  Dr.  Ure's  paper 
Phil.  Trans,,  1818,  with  the  exception  of  alcohol,  whidi 
is  by  Rumford,  in  Gilb.  Am,  xlv.  p.  312. 

Dr.  Black's  law,  then,  is  very  general,  and  compre- 
hends every  change  in  the  state  of  the  body.  The  cause 
of  the  conversion  of  a  solid  into  a  liquid  is  the  com- 
bination of  the  solid  with  caloric;  that  of  the  conversion 
of  a  liquid  into  an  elastic  fluid  is  the  combination  of 
the  liquid  with  caloric.  Liquids  are  solids  combined 
with  caloric ;  elastic  fluids  are  liquids  combined  with 
caloric.  This  law,  in  its  most  general  form,  may  be 
stated  as  follows :  whenever  a  body  changes  its  siaie^ 
it  either  combines  with  caloric,  or  separates  from  caloric. 
No  person  will  dispute  that  this  is  one  of  the  most 
important  discoveries  hitherto  made  in  chemistry. 
Science  seems  indebted  for  it  entirely  to  the  sagacity  of 
Dr.  Black.  Other  philosophers,  indeed,  have  laid  claim 
to  it ;  but  these  claims  are  either  without  any  fbuiidft- 
tion,  or  their  notions  may  be  traced  to  Dr.  Black's  lec- 
tures, or  their  opinions  originated  many  years  posterior 
to  the  public  explanation  of  Dr.  Black's  theory  in  the 
chemical  chairs  of  Glasgow  and  Edinburgh,  (oa.) 
Se  also  Despretz  on  the  latent  heat  of  vapours,  (dd.) 
(263.)  Count  Rumford's  estimation  of  the  latent  heel  Co 
of  steanu  affords  another  elegant  application  of  his  ftr 
calorimeter.  (157.)  A  given  quantity  of  water  was 
boiled  in  a  long  necked  flask,  which  was  bent  so  as  to 
terminate  under  the  mouth  of  the  reflexed  tube.  The 
extremity  of  this  flask  was  joined  by  a  cork  fittii)^ 
accurately  into  the  mouth  of  the  calorimeter  tube  ;  tbe 
cork  had  four  apertures  opening  horizontally  within  the 
tube,  but  so  elevated  above  the  bottom  of  the  tube  ee 
not  to  be  blocked  up  by  the  return  of  vapour  condenssd 
within  the  tube.  The  flask  was  heated  by  a  smell 
portable  furnace  at  some  distance  from  the  calorimelsi; 
which  was  also  well  defended  by  certain  screens.  The 
weight  of  the  condensed  vapour  was  deducted  from  thet 
of  me  flask  weighed  before  and  after  the  onenilion* 
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1^  conveying  steam  into  water^  it  is  con- 
l»y  the  evolmion  of  tJiu  latent  heat  by  tlie 
the  temperatitre  of  tJie  water  is  raiseil,  so 
arrive  at  212*^.     In  certain  arts,  as  in  that 
^  '         ':irge  quantities  of  water  are  to  be 
vessels,  this   method  has  superior 
rt)  niiving  a  common  boiler,  from  which 
is  fciiiveyed  by  tubes,   the   loss  of  heat  is 
vtvs   applied   to  each  vessel,  and  the 
1  less  wear,  and  may  be  constructed 
,  -     This  method  lias  accordingly  been 
success.      Another   application  of  the 
That  of  heating  rooms  by  conveying 
.  proposed  in   an  early  volume  of 
cftMictioiis^  and  since  revived.     The 
is  condensed  gradually,  and  gives 
I  a$  to  produce  an  equable  warmth, 
ia>aratua  for  this  purpose  has  been 
rass.  by  whom  it  was  applied 
-    -  aLingr  of  cotton  mills,     Mr.  Bu- 
lk   a  separate    publication,   given    more 
11  ihi^  subject,  which  may  be  consulted 
For  this  and  similar  purposes  steam 
OS   it  has  the  advantage  of  being  free 
r  of  fire,  the  boiler  whence  the  steam  is 
*cd  without  the  bull ding^ ;  and  there 
fuel.     There  is  a  considerable  ex- 
iH   creeling  the   apparatus,   on   which 
so  AS  being  more  easily  managed,  the 
fi;irtrnents  by   the    introduction    of 
|tariicular   situations  be   preferred- 
lK«at  from  the  condensation  of 
1  to  be   applied  to  the  drying 
..>,  «ti tended  with   less  risk   than   tlie 

:i;Vi?Tnents  in  the   steam  engine,  as 

u    Dr,   Black's  discovery,  so  they 

-lant  practical  application  of   the 

I ; -     In  the  engine  wrought  previous 

s  of  Mr.  Walt,  the  steam  was  rc- 

t<j  which  a  piston  was  adapted  ; 

1    attached  to    ib5  arm   being 

,a  cylinder,  and  the  cavity  be- 

iiu      This  was  condensed  by  a  jet 

'Ut'   pibton  was  of  course  forced 

it    I  he   atmosphere.     To    raise 

Produced  from   beneath,   and 

Ml  liud  depression  of  the  piston 

I  -  way,  it  is  ohvioys,  that  there 

>'f  heat,  and   this  altogether 

t-latiug  to  latent  caloric  were 

-  old  water,  not  only  is  the 

Imriorjs  cooled,  as  it  is  also 

i>hcric  air.     When,  there- 

Kjth  16  again  introduced,  a 


great  part  of  it  must  be  condensed  and  lost,  by  its  heat  Ch«p.  V, 
being  abstracted  by  the  cold  cylinder  and  piston,  and  ^— -v-^*^ 
its  elasticity  cannot  operate  with  effect  until  the  whole 
is  again  elevated  to  212^  At  each  stroke  of  the 
engine  this  waste  is  repeated  ;  and  thus,  according  to 
Mr.  Watt's  calculation,  at  least  half  of  the  steam  pro- 
duced in  the  boiler  is  lost. 

Mr.  Wntt's  principal  improvements  consisted  :  first, 
in  condensing  the  steam,  not  in  the  cylinder,  but  in  a 
vessel  communicating  with  it  by  a  pipe  with  a  valve, 
which  being  exhausted  of  air,  the  steam  rushes  into  it 
when  the  communication  is  opened,  and  is  condensed 
by  the  vessel  being  ke])t  cold  by  imraertiion  in  water  ; 
and,  secondly,  by  excluding  from  the  cylinder  the 
atmospheric  air,  and  depressing  the  piston  by  steam 
introduced  above  it,  and  condensed  in  Ihe  condensing 
vessel  alternately  with  the  steam  beneath.  Thus  the 
whole  may  be  kept  at  the  temperature  of  212^  and  the 
waste  of  heat  in  the  old  method  obviated.  Dr.  Black 
justly  characterises  the  engine  in  this  state  as  the 
master-piece  of  human  skill,  and  no  less  justly  observes, 
that  it  has  not  been  **  the  production  of  a  chance  ob- 
servation, but  ihe  result  of  deep  thought  and  retleclion, 
and  really  a  present  by  philosophy  to  the  arts."  {bh,} 
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i.  79,  504.  (d)  Irvine's  Chemical Eiimy ft,  (e)  Wilcke, 
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Applicm* 
ttoiu. 


1.  Substances  chemically  dissimilar,  have  diiferent 
capacities  for  heat,  which  may  be  investigated,  and  then 

represented  in  a  tabular  fomi. 

2.  With  regard  to  the  f^econd  class,  we  use  the  fol- 
lowuig^  (|uotaiiau  from  M.  Thenaril. 

"In  mixing"  tog-elher,  under  Drdinar>'  atmospheric 
pres5iurt\  two  portions  of  the  samepj^ns,  equnl  in  weight, 
unequal  in  temperature  (*iO^  to  25^,)  and  consequently 
in  volnme,  wedhtaiu  a  mixture  of  which  the  temperature 
is  always  more  elevated  than  the  mean  of  the  two; 
whence  it  follows,  that  the  eupacity  of  a  gtis  for  heat 
increases  with  the  temperature,  dilatation  being  per- 
mitted."    (Gay  Lussac,  Jn,  de  Ch^,  Ixxxi*  p.  98.) 

**  It  is  prolmbl*!,  that  if  the  volume  varied  but  (ittle, 
the  augmentation  of  capacity  would  not  become  sensible 
but  when  the  two  portions  of  g-as  differed  gjeatly  in 
temperature.  At  least  such  is  the  observed  fact  in 
bodies  of  the  same  nature  in  the  liquid  state,  and  espe* 
dally  in  the  solid  state,  a  property  which  they  doubtless 
owe  to  their  slight  degree  of  dilatability. 

"In  fact  the  capacity  of  water  for  caloric  is  nearly 
the  same  from  10''  C  to  30''.  as  from  8U°  to  bO^ ;  also 
when  we  mix  one  kilogramme  of  water  at  -f  10°  wjtli 
another  of  -f-  50*^  there  results  2  kilogrammes  at  +  30*=*, 
The  same  is  true  of  the  capacities  of  mercury,  zinc,  &c. 
for  similar  internals  of  temjierature  ;  while  from  O'^  to 
100^  we  fmd  that  the  capacities  are  less  than  from 
100^  to  200^   and  still  less  from  2mf  to  300"/'   («) 

3.  And  wit!*  regard  to  the  third  class,  we  have  but 
to  cite  the  law  announced  in  Art,  266^  that  in  every 
physical  change  of  condition  which  any  substance  un- 
dergoes, there  is  either  an  evolution  of  caloric,  which 
Becomes  sensible  heat,  or  an  absorption  of  caloric, 
which  then  becomes  latent  or  insensible. 

It  is  not  tn  our  power  here  to  enter  so  ftdly  into  the 
theory  of  latent  heat  as  we  could  desire,  but  a  very 
short  statement  of  the  two  opinions  on  this  subject, 
which  have  excited  the  most  attention,  may  be  made 
as  follows.  Dr,  Black  considers  the  absorption  of 
caloric  in  liquefaction  and  vapourisation,  as  the  catise  of 
those  changes  of  form  ;  and  that,  therefore,  the  latent 
heat  existing  in  a  liquid  or  vapour,  is  that  which  pre- 
serves it  in  these  stales.  And  he  considered,  says 
(Professor  Robison)  lytent  heat  **  as  united  with  the 
substance  of  a  body  in  a  way  very  much  resembling 
many  chemical  combinations."  Irvine  on  the  contrary 
supposed  the  phenomena  of  latent  heat  to  arise  from 
changes  of  capacity  accompanying  the  changes  of  physi- 
cal state.  A  very  excellent  comparative  review  of  these 
opinions  may  be  found  in  Murray's  ChaniMin/^  vol.  i. 
p.  420,  to  *36, 

(269,)  From  this  change  in  the  distribution  of  calo- 
ric, which  takes  place  when  botlies  change  their  forms, 
many  chemicaJ  and  natural  phenomena  are  explained, 

The  absorption  of  heat^  accompanying  the  change 
from  the  solid  to  the  liquid  form,  explains  the  fixity  of 
the  point  in  the  thenuometrical  scale  at  which  bodies 
melt  Ice  melts  at  32*^  of  FahrenheiU  and  whenever 
any  mass  of  ice  is  heated  to  that  temperature,  the  far- 
ther communication  of  heat,  however  rapid,  has  no 
effect  in  raising  its  temperature,  till  the  whole  is  con- 
verted into  water  ;  since,  as  quickly  as  the  ice  is  melted 
by  the  caloric,  as  quickly  is  a  portion  of  it  absorbed  by 
the  fiuid  formed.  This  is  exemplified  m  the  long  time 
before  large  masses  of  ice,  or  collections  of  snow» 
are  melted  by  a  thaw»  Were  it  not  for  this  absoq>lion 
of  beat,  the  liquefaction  of  masses  of  ice  and  snow  iu 


the  colder  climates,  at  the  approach  of  spring,  would    Ch 
take  place  almost  instantaneously,  when  the  temi 
ture  of  the  atmosphere  rose  above  3"2°  ;  whereas,  fr 
this  circumstance,  it  is   gradual    and  progressive,  by 
which  the  water  formed  is  distributed  more  slowly,  and 
the  too  sudden  rise  of  temperature,  which  would  prove 
fatal  to  vegetables,  is  prevented. 

The  reverse  of  this,  or  the  extrication  of  heal,  when 
water  is  converted  into  tee,  is  equally  beneficial  ;  since, 
were  it  otherwise,  the  freezing  of  large  cotlections  of 
water  w^ould  be  extremely  rapid,  whenever  the  tempe- 
rature of  the  atmosphere  was  at  or  below  32*^.  But 
from  this  extrication  the  freezing  is  gradual,  and,  at 
the  same  time,  a  large  quantity  of  heat  is  given  out  by 
the  water  in  passing  to  the  solid  state,  by  which  the 
approaching  cold  is  moderated,  and  the  congelation 
rendered  more  slow. 

Similar  general  effects  arise  from  the  operation  of  thiai 
law  in  vapourisation.     When  the  earth  is  much  heat 
by  the  sun^s  rays,  water  is  evaporated  from  its  surfai 
and  from  rivers   and   the   ocean,  and  the  conversion  o. 
this  into  vapour  is    necessarily  accompanieti  with   th* 
absorption   into  caloric.       Hence    evaporation    is    Ih- 
most  powerful  agent  employed  by  nature  to  mode] 
excessive  heat.     On   the  contrary,  when  the  vapour 
the  atmosphere  is  condensed  by  cold,  and  descends    m^ 
rain  or  snow,  it   gives  out  the  caloric  it  had  receive^^ 
which   is  then  beneficial  rather  than  hurtful.     Much  of 
this  vapour  must  even  be  w^ufied  from  the  torrid  zone» 
where  evaporation   must  be  most    rapid,  towards   the 
polar  regions  ;  and  being  condensed  in  its  progress  in 
colder  climates,  will  prove  a  source  of  heat. 

The  process  of  artificial    refrigeration   is  explained 
on  the  same  princijde.     By  allowing  water  to  Eltrate 
slowly  through  porous  earthen  vessels,  so  as  to  pr^ent 
an  extensive  humkl  surface  to  the  atmosphere,  it  passes 
rapidly  i^lo  vapour,  and   in  this  vapourisation  absorbs 
so    much    caloric    as    to    produce    considerable    cold. 
Liquors    are    cooled,    and  in    warm    climates   ice    is 
formed,   by  arrangements  of  this   kind,  and  this  even 
when  the  temperature   of   the   atmosphere  is    several 
degrees  above  39^,     This  artificial  fonnation  of  ice  is 
carried   on  in   Benga!  to  a  considerable  extent.     The 
cold  troni    the    evaporation  is  no   doubt   considerable 
accelerated   by  the   rapidity  of  that  process  from 
dryness    of  the    atmosphere,    and    hence,  in    a   humi 
atmosphere,  the  process   would   not  succeed  at  a  siroi 
lar   average    temperature.       A    considerable    part 
the  effect  too   depends,  as   Dr.  Wells  has  shown, 
radiation  from   the  surface  of  the  water,  and  hence 
success  is  always  greatest  iu  nights  which  are  calm 
serene. 

The  theory  of  freezing  mixtures  is  deduced  from 
doctrine  of  latent  caloric*     These  are  mixtures  of  salij 
substances,  which,  at  the  comnu)n  temperature,  by  thj 
mutual    chemical   action,   pass   rapidly   into    the    fli 
form,    or    are   capable  of  being    rapidly   dissolved] 
water,  and  by  this  quick  transition  to  fluidity  ab; 
caloric,    and  produce   degrees  of  cold   more    or 
intense. 

In  other  cases  of  chemical  action,  substances 
from  the  gaseous  to  the  fluid,  or  from   the  fluid 
solid  form,  and  the  rise  of  temperature  which  i 
tliese  transitions  is  referred  to  the  evolution   uf 
caloric,  which  must  be  their  result. 

The  use  of  steam,  as  a  vehicle  and  sotnrce 
aObrds  anex^ample  of  the  scicDtific  application 
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CHAPTER  Vr, 


THEOREnCAL  OPINIONS  ON  THE  NATURE  OF  HEAT. 


Heat.  (270.)  In  the  fire  preceding  chapters  we  have  given 

v^y^/  as  copious  an  abstract  of  those  facts  which  experiment 
has  developed  concerning  heat,  as  it  is  consistent  with 
the  plan  of  this  work  to  aJlow.  The  very  short  chapter 
now  before  us  will  contain  a  statement  of  the  two  great 
systems  of  belief  which  philosophers  have  adopted  with 
regard  to  the  nature  or  cause  of  heat.  As  advocates 
for  each  of  these  theories,  there  will  be  found  some  of 
the  most  distinguished  names  that  have  ever  done 
honour  to  the  intellect  of  man ;  but,  after  all,  their 
speculations  have  produced  little  that  is  convincing  to 
others,  or  even  satisfactory  to  themselves.  For  these 
reasons  we  have  filled  our  pages  chiefly  with  experi- 
ments, and  hasttti  to  conclude  this  already  extended 
article. 

Of  these  two  principal  theories  the  one  admits  the 
materiality  of  heat ;  while  the  other,  denying  that  it  is 
substance,  considers  it  a  property  of  matter  producing 
its  effects  by  an  actual  vibration  among  the  molecules 
of  that  matter. 

The  vibratory  hypothesis  which  is  usually  attributed 
to  Bacon  is  thus  explained  in  his  own  words,  **  CiUor 
est  mohu  expanxivtUy  cohibituM^  et  nitem  per  parta 
minoret.**  Perhaps  this  is  the  same  as  if  he  had  said 
that  caloric  is  a  force  which  is  opposed  to  molecular 
attraction ;  and  that  heat  is  the  effect  of  a  vibration 
produced  by  these  conflicting  forces.  Of  this  opinion 
also  were  Boyle  and  Newton ;  while  Rumford  and  Sir 
Humphrey  Davy  have  been  its  most  recent  and  able 
advocates. 

The  material  hypothesis,  in  which  heat  is  considered 
a  substance  of  extreme  tenuity,  of  great  elasticity,  im- 
ponderable and  invisible,  is  said  to  have  been  proposed 
by  Boerhaave,  and  was  advocated  by  Uamberg  and 
Lemery.  It  seemed,  in  fact,  much  the  most  consistent 
with  the  notions  of  chemists ;  and  can  by  no  means  be 
a  matter  of  surprise  that  Black's  discovery  of  latent 
heat  should  have  been  by  them  deemed  a  strong  con- 
firmation of  this  hypothesis. 
Material  (271.)    In   favour  of  the  hypothesis  that  heat  is 

hyjwihesis-  materia),  it  has  been  urged,  that  as  its  addition  to 
bodies  produces  their  expansion,  it  is  most  natural  to 
suppose  that  this  effect  is  owing  to  the  actual  insertion 
of  a  material  substance  between  the  molecules.  But 
this,  perhaps,  is  not  quite  conclusive  ;  for  if  the  magni- 
tude of  a  body  depend  upon  the  arrangement  of  its 
molecules,  and  if  these  (as  there  is  every  reason  to 
suppose)  be  endowed  with  polarity,  then  any  change  in 
the  state  of  this  polarity,  producing  a  new  arrangement 
of  molecules,  will  produce  a  new  magnitude  of  volume, 
providing  the  molecules  be  not  spheres  in  strict 
contact. 

The  transfer  of  measured  quantities  of  heat  (to  use 
a  common  phrase)  to  effect  given  purposes  of  expan- 
sion, fusion,  vapourisation,  or  the  contrary,  has  been 


urged  with  reason  as  a  good  argument  on  this  ndm  of  € 
the  question.     Those  inclined  to  dispute,  may  say  tint  ^ 
it  is  only  the  application  of  a  force  accuratdy  estimatedp 
and  of  course  producing  from   given  quantities  tlie 
same  effects  under  given  circumstances. 

The  passage  of  heat  through  a  vacuum  is  also 
advanced,  on  the  same  side ;  beciause  it  is  not  possibie 
to  conceive  how,  if  heat  be  a  property  of  matter,  H 
should  be  freely  propagated  where  no  matter  exists. 
Let  this  also  have  its  due  weight ;  but  let  us  remember 
that  we  are  quite  unable  to  produce  an  absolute  TS- 
cuum,  for  that  even  in  that  which  is  called  after 
Torricelli,  there  is  an  atmosphere  of  mercurial  vapom; 
though  of  great  tenuity. 

If  the  experiments  of  Herschel  and  others  hare 
proved  the  distinct  separation  of  heat  from  light  in  aay 
case,  and  that  tlie  laws  which  they  obey  are  analogous; 
though  not  identical;  then  the  materiality  of  lieat 
stands  much  upon  the  same  evidence  with  that  of 
light. 

(272.)  That  heat  is  merely  a  property  of  matter,  and  y^ 
that  it  may  arise  from  vibrations  of  the  molecules,  has  hJ 
thus  been  urged  : 

Because  the  most  careful  experiments  made  for  that 
purpose  never  could  prove  it  to  be  ponderable,  (a*) 
Thus  it  seems  not  to  possess  the  ordinary  senaiUe 
properties  of  matter,  weight  and  obedience  to  the  Ivmi 
of  mechanical  motion. 

On  these  grounds  Count  Rumford  strongly  urged 
the  immateriality  of  heat,  and  also  from  the  evidenee 
of  his  own  experiments,  in  which  friction  seemed  ail 
inexhaustible  source  of  heat  in  the  same  griven  sob- 
stance.  With  regard  to  the  former  proof  arising  from 
the  absence  of  certain  mechanical  properties,  it  might 
be  urged  that  these,  being  inappreciable  by  our  ex- 
periments, is  not  a  sufficient  evidence  of  their  non- 
existence. 

The  following  sentences  must  serve  to  give  an  idea  Da 
of  the  opinion  of  Sir  Humphrey  Davy  on  this  most  Fot 
abstruse  subject. 

**  The  immediate  cause  of  the  phenomenon  of  heat, 
then,  is  motion ;  and  the  laws  of  its  communication 
are  precisely  the  same  as  the  laws  of  the  communicar 
tion  of  motion.  Since  all  matter  may  be  made  to  fill 
a  smaller  volume  by  cooling,  it  is  evident  that  the  par- 
ticles of  matter  must  have  space  between  them  ;  and 
since  every  body  can  communicate  the  power  of  expan- 
sion to  a  body  of  a  lower  temperature ;  that  is,  can 
give  an  expansive  motion  to  its  particles,  it  is  a  proba- 
ble inference  that  its  own  particles  are  possessed  of 
motion ;  but  as  there  is  no  change  in  the  position  of 
its  parts,  as  long  as  its  temperature  is  uniform,  the 
motion,  if  it  exist,  must  be  a  vibratory  or  undulatory 
motion,  or  a  motion  of  the  particles  round  their  i 
or  a  motion  of  particles  round  each  other  " 
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APPENDIX, 

TABLE  (A)  to  Art.  63. 
Linear  Dilatatwn  of  Solids  by  IleaL  (Ure.) 

I  BimensioQ*  wliich  a  bar  Uket  ui  212^  whose  lengLh  at  32**  is  UCHKKIO. 


Q\mj>*  tnU , . 

I>j||l0,..t» ,....,.,,*** 

Ditio »„. 

Ditto...,. «... 

Ditto 

FUt«  fflua 

Ditto  croirB  g tarn 

Ditta, , 

I>irro 

I>tl(o  rod..,.. ............. .,...*.. 

Clral 

PlatuiA.... 

D<f to  »...-.- .» 

DiKo .. 

Ditto  and  i^lftM ,,, 

FalljidiaiD 

Antimonj. ..,,..,,.,....,,.«....,. 

Ca^t  iron  prixnt 

UMt  iron 

s*twl  ,* 

D^tto  rod , , 

Bli«  teresd  iteel. 

Ditto,,.,,, 

St«rJ  AOt  («aiptf«il  ...,«•«•• 

Ditto 

Ditto  t«inp«r«d  jtMow 

Dilto. 

£Htto  ftt  &  htffh«r  ratt 

Steel 

Hani  itet  1 , 

Aatteakd  tteel 

Tcaip«j«d  itfld. , 

Iroii , 

Dilto... .,,. 

Sofi  iron  f<uf«4 

Ke^ad  inm,  win  drawn 

Inmwiire 

Iron 

Biimatlt ,.,.., , 

Aaneatedgatd 

Gold :... , .,.. 

Ditto  procured  bf  pjirtin; 

Ditto,  Pftrit  tUailiinl,  uoaanealed. . . 
TUlto         ditto  aaacalod...... 

gW*' » 

Ditio  

Ditto  . , , 

Ditto..., 

Ditto ., 

Btem.,... , 

Ditto.., ,...,.... 

Ditto.. 

Btkh*  «cftl«,  tTippoApd  from  Hambarf 

C**tbrji« 

Eii^liiifa  platf  bruui,  ia  form  ........ 

Ditto,  la  m,  trough  fona 

Braw  .._,.,.,..., 

Ditto  wire , 

Braai.,,.,..., 

Copper  8,  lial 

Silver  ..  , 

Dido .»« 

Ditto,,.,,. 

Dilto  of  eapel 

Ditto,  Ferf> ftaadard 

Silver  - . , . , 

Bnnn  16,  tin  1 

Spe^'ulum  tnirtal 

Sneltt^r  kolder  i  brut  S,  ttae  1 

^1el4crA  tin, , , ,-..,,1. 

Tin  from  FalmootH  ................ 

Finir  |>ewter,,,,.,...,,. ....,..,,.. 

GriLtn  tin , 

Tm 

Soft  bolder ;  lead  3,  tin  1 

line  B,  ttn  I,  a  littk  Itaninwrcd. , . . . 

Lead....... .♦*,,., 

r>itio,,»» 

Ziflc  .,,... 

Ditto,  hemmered  (rat  hwM  taeli  per  foot 
01a««  fromSS^  to  Si  8^  . 
Ditlo  from  US*  to  3»o 
Ditto  fmtn  39SO  to  67^ 


Smeaton 

Roy  ...,.,., , 

Dtfae'i  taean  . , 

DttloQif  aod  Petit 

lAToiner  aad  Laplece  . . . . 

Dilto , *..,,, 

Ditto .... 

Ditlo 

Ditta 

VLoy 

RoTfaiglani • 

Borda**... ...*.*....«... 

DakNifaad  Petit 

Xrottgntoo  ,*«•«■«•*«*•  4. . 

Berthond ., 

WollAitoa wt 

Soteatoa  , , 

Boy. 

Lam»ier,  by  Dr.  Vouag. , . 

"^Tuotigbtoo * . 

ft*y   

PhtL  Tmrn,  1796,  p.  4»  , . 
Sibentoa  .,,,..,..,,,,.., 
LaToUier  and  Laplaoe  .... 

Ditto ,....,., .,. 

Ditlo...... 

Ditto ,.,.., 

Ditto.,.. ■ 

Troaghton  , 

SmeAton 

MasctieabrcNrk.  * 

Ditto 

Barda  , 


Lavoiiler  nod  LaiiLice  . 

Ditto., ; .,, 

TttHigbton 

Dalonft  »nd  Petit   


Mofcbeabroek 

Kllicol,  by  compuiKrn  . . . . 
I.4T0t«i«r  and  Laplace  . . . . 

Ditto 

Ditto.., ,..., 

Mctjiehenbroek , 

LeYoi^ier  and  Laplace  . . . . 

Diila 

TitmfbtOD   

Dnlonf  and  Petit   . , 

Borda , 

LaToisier  and  lAplaee  ... 

Ditto. ,, 

Roy , , 

Smeaton 

Roy ,. 

Ditto,,,........., , 

Trongbt«Fn < 

Smeetoa ....^ 

Ha»ebenbToek 

Hmeaton   , , 

Herbert ,.... 

Kliirot^  by  eomparisoa  . . , 

Muecbeabroek. , 

Lot  oilier  and  I^plaee  ... 

Ditto 

Tronfbton 

Smeatoa 

Ditto , 

Ditto 

laeiHeier  aod  Laptaeo  ... 
Ditto 


Ditto. 


6mealoa 

Ditto 

I^avoiiier  aad  LapiUMo  . 


Ditto. 

Ditto , 

Dalong  aod  Petit 

Ditto, 

Ditto. 


Tbe  lait  two  meaiiarementi  by  aa  air  tbermoiaelcr. 


1,000«IS333 
L00077615 
1,000619800 
l,0009«»ld0 
L0008I1(S6 
1.<K«h]N990 

Lfi00e97«0 
1. 00091 7ft1 
1UN>090787 

1.00085C96 

LOOOBRIflO 
1,00099180 

l,oonoooo 

I.OOltMMXXl 
],OOIOddMl 
I  0Ollt>»M 

i.oonitii 

|,00nil990 
1  001  I  4*70 

1,001  laooo 

\  OOILtOOO 

l.O(»k>7H7s 

l.00lO7»5<i 

Loo]30goo 

KOOl  38600 
1,OOIS3»5Q 
1.001  tfl9M 

l,oaias8M 

U001»»0 
1.00137000 
1.00115600 
tOOlS6900 

1.00  J  28016 
LO0tS36O4 
1  OOlitOlO 
LOOIIddOS 
1,00139200 
1.00146000 
1.001MNKW 
LOOUe0O6 

1 .001  £1^1  A( 
I.001A1361 
l.Wl91t»0 
L0017WW 
1.001718^ 
1,001 91  BdO 

1.001718SI 
1.0017B300 

1.00186071 
I  00188971 
lA)]»&IViO 
L(XH87WU 
|.0<ilM«§0 
1. 00 189190 
L0019I880 
1. 00199000 
l,DOjl6000 
1.00181700 
]  .001890IK} 
LOOtlOOO 
tOOilSOOO 
I.0<)190974 
1.00190668 
t.0090BB6 
1,00190BOO 

itwisaauo 

1,00906600 
1.0019^65 
L00j|17Mg 

LOO^iaSQO 
LOOiB4000 
l.OOSMBOO 

i.oose^uo 

t.009M886 
lOOttOTOD 
1.00191900 
1,00901100 
1.00086190 
1. 00091 SS7 
1.000101  lU 


TABLE  (B)  to  Art  80. 


Elasticity  of  vapotir  below  32^  by 

Dalton. 

Temperature* 

Farce  in  iQchcs 
©f  mcpctiry. 

-  40 

0.013 

-   30 

0.020 

-  20 

0,030 

-    10 

0.U43 

0 

0,064 

1 

0,0G6 

2 

0.068 

3 

U.071 

4 

0074 

5 

0076 

6 

0079 

7 

0  062 

8 

0.085 

9 

0.087 

10             ' 

0.090 

11 

0,0i*3 

12 

0.096 

M 

0,100 

14 

0.104 

15 

0.108 

15 

0,112 

17 

0.116 

la 

0.120 

19 

0.124 

20 

0,129 

21 

0.134 

22 

0.139 

23 

0,144           1 

24 

U.150 

2.^ 

0J56 

26 

o.iea 

27 

Mm 

28 

0.174 

29 

0,180 

30 

0.1  »6 

31 

0.193 

1 

1 

F 

HEAT 

■ 

■ 

^^^^^^p^29  ^^^^ 

^       i* 
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TABLE  I. 

To  contert  dtgretB^  Fahrenheit 

Clitp.  VL 

[       1 

Filif. 

Eeium, 

Cent- 

Fahr, 

E<aam. 

Cent 

Fihr 

Eeaum. 

Cent 

Fahr. 

Reaum. 

Cent. 

213 

80  00 

100.00 

148 

51.55 

64  44 

84 

23.11 

28.88 

20 

-  5  33 

—  nm 

Bi 

79.55 

99.44 

147 

51.11 

63  88 

83 

22.66 

28.33 

19 

-    5,77 

-   7.22 

flQ 

79.11 

98.88 

146 

50.66 

63.33 

82 

22.22 

27.77 

18 

-    6.22 

-   7,77 

S09 

78.66 

98.33 

14^ 

5022 

62  77 

81 

21.77 

27.22 

17 

-    6  66 

-   8.33 

~  w 

208 

78  22 

97,77 

144 

49.77 

62.22 

80 

2133 

26.66 

16 

-   7.11 

-    8,88 

Im      /  ^^ 

7777 

97.22 

143 

49.33 

61  m 

79 

20.88 

26.  U 

15 

-   7.55 

—  9.44 

W          /     206 

77,33 

96.66 

142 

48.88 

61,11 

78 

20.44 

25.55 

14 

—  8.00 

-10.00 

■           /      iOi 

76.98 

96.11 

141 

4844 

60.55 

77 

20,00 

25.00 

13 

-8  44 

-10.5 

m      /    ^* 

76.44 

95.55 

140 

48.00 

60.00 

76 

19,55 

'     24.44 

12 

—  8.88 

-11,11 

■         /        203 

76.00 

95.00 

139 

47.55 

59.44 

75 

19.11 

23.88 

11 

-  9  33 

-11,66 

■      /       ioi 

75.55 

94.44 

138 

47,11 

58,88 

74 

18,66 

23.33 

10 

-  9.77 

-12.22 

I     /       ^^^ 

75J1 

93.88 

137 

46  66 

58.33 

73 

18.22 

22.77 

9 

-10  22 

1-12.77 

■       /           3U0 

74,66 

93  33 

136 

46.22 

57.77 

72 

17.77 

22.22 

8 

-10.66 

-13.33 

■      /            199 

74.22 

92.77 

135 

45.77 

57.22 

71 

17.33 

21.66 

7 

-11.11 

-13.88 

■^      /             198 

73.77 

92.22 

134 

45  33 

56  66 

70 

16.88 

21.11 

6 

-11  55 

-14,44 

/             197 

73.33 

91.66 

133 

44.88 

56.11 

69 

1644 

20.55 

5 

-12  00 

-15.00 

1             196 

72.88 

91.11 

132 

44,55 

55.55 

68 

16.00 

20.00 

4 

-1244 

-15.55 

1             195 

72*44 

90,55 

131 

44.00 

55.00 

67 

15.55 

19.44 

3 

-12.88 

-1611 

1            194 

72-00 

90.00 

130 

43.55 

5444 

66 

15.11 

18.88 

2 

-13  33 

-166 

/            193 

7lo5 

89.44 

129 

43.11 

53.88 

65 

14  66 

18.33 

1 

-13.77 

-17.22 

f            192 

7M1 

88.88 

128 

42.66 

53  33 

64 

14  22 

17.77 

0 

-14.22 

-17,77 

191 

7066 

88.33 

127 

42.22 

52.77 1 

63 

13.77 

17.22 

-1 

-14.66 

-18.33 

190 

7022 

87.77 

126 

41.77 

52  22 

62 

13  33 

16,66 

-2 

-15.11 

-18.88 

189 

69-77 

87,22 

125 

41.33 

51.66 

61 

12,88 

16,11 

-3 

-15.55 

-19.44 

1              1S8 

6933 

HGS6 

124 

40.88 

51.11 

60 

12.44 

15.55 

-4 

-16,00 

-20.00 

1S7 

68.88 

86  J  I 

123 

40  44 

50.55 

59 

12,00 

15.00 

—  5 

-1644 

-20.55 

1S6 

6844 

85,55 

122 

40.00 

50.00 

58 

1L55 

14.44 

-6 

- 16.88 

-21.11 

185 

68^00 

85,00 

121 

39.55 

49.44 

57 

11,11 

13.88 

-7 

-17.33 

-21,66 

184 

67o5 

84,44 

120 

39.11 

48.88 

56 

10.66 

13.33 

-8 

-17.77 

-22.22 

183 

67^11 

83,88 

119 

38-66 

48,33 

55 

10.22 

12.77 

-9 

-18,22 

—22.77 

182 

66-66 

83.33 

118 

38.22 

48.77 

54 

9.77 

12.22 

-10 

-18,66 

-23  33 

X8I 

66-22 

82.77 

117 

37.77 

47.22 

53 

9.33 

11.66 

-11 

-19.11 

-23.88 

ISO 

65-77 

82.22 

116 

37.33 

4666 

52 

8.88 

11.11 

-12 

-19.55 

-24.44 

179 

65-33 

81.66 

115 

366B 

46.11 

51 

8,44 

10.55 

-13 

—  20.00 

-25,00 

179 

64-88 

81.11 

114 

3644 

45.55 

50 

8,00 

10.00 

-14 

-20.44 

-25.55 

• 

1              177 

64-44 

80.55 

113 

3600 

45.00 

49 

7.55 

9.44 

-15 

-20.88 

-2611 

176 

64-00 

80,00 

112 

35.55 

44.44 

48  , 

7J1 

8.88 

-16 

-21,33 

-26,66 

175 

63-55 

79.44 

111 

35.11  i 

43.88 

47 

6.66 

8  33 

-17 

-21.77 

-27.22 

1               174 

62-11 

78.88 

110 

3466 

43  33 

46 

6,22 

7.77 

-18 

-22.22 

—  27.77 

173 

62  66 

78.33 

109 

34.22 

42.77 

45 

5.77 

7.22 

-19 

-22.66 

-28.33 

1              172 

6225 

77.77 

108 

3377 

42.22 1 

44 

5.33 

6.66 

-20 

-23.11 

-28.88  1 

171 

61-77 

77.22 

107 

3333 

41.66 

43 

4.88 

6.11 

-21 

-23.55 

—29.44 

:i7o  , 

6i  33 

76.66 

106 

32^88 

41J1 

42 

4.44 

5.55 

-22 

-24.00  1 

-30,00 

169 

60.88 

76.11 

105 

32*44 

40.55 

41 

4.00 

5.00 

^23 

-24.44 

-30.55 

« 

169 

60-44 

75.55 

104 

32.00 

40.00 

40 

3.55 

4.4 

-24 

-24.88 

-31.11 

167 

60-00 

75.00 

103 

31.55 

39.44 

39  1 

3  11 

3.88 

-25 

-25,33 

—31,66 

:i66 

59-55 

74,44 

102 

31.11 

38.88 

38 

2.66 

3.33 

-26 

-25.77 

^32.22 

165 

59. 11 

73,88 

IDl 

30.66 

38.33 

37 

2,22 

2,77 

-27 

-26.22 

-32.77 

364 

58-66 

73.33 

100  : 

30  22 

37,77 

36 

1.77 

2,22 

-28 

-26.66 

-33.33 

163 

5822 

72.22 

99 

29.77 

37.22 1 

35 

1.33 

1.66 

-29 

-27.11 

-33.88 

162 

57.77  1 

72.77 

98 

29.33 

36.66 

34 

0.88 

1.1 

-30 

-27,55 

-34.44 

1               161 

5733 

71,66 

97 

28,88 

36.11 

33 

0.44 

0.55 

-31  ! 

-28.00 

-35.00 

1              160 

56.88 

71.11 

96 

28.44 

35.55 

32 

0. 

0. 

-32 

-28.44 

-35.55 

1               1^9  i 

5644 

70.55 

95 

28.00 

35.00 

31 

—0.44 

-0.55 

-33 

—28.80 

-36.11 

1              159 

56.00 

70.00 

94 

27,55 

34.44 

30 

-0.88 

-1,11 

-34 

-29.33 

-36.66 

1              157 

55.55 

69.44  i 

93 

27.11 

33,88 

29 

-1.33: 

-1.66 

-35 

—29.77 

-37.22 

\            156 

55.11 

68.88 

92 

26.66 

33.33 

2% 

-^1.77 

-2.22 

^36 

-30.22 

-37,77 

\            155 

54.66 

6833 

91 

26.22 

32.77 

27 

-2.22 

-2.77 

—37 

-30  66 

-38,33 

-        \          154 

54.22 

67.77 

90 

25.27 

32.22 

26 

-2.66 

-3.33 

-38 

-31.11 

-38,88 

1        \          153 

53,77 

67.22 

89 

25.33 

31.66 

25 

-3.11 

^3.88 

-39 

-3L55  1 

—39.44 

I        \         152 

53.33 

66,66 

88 

24.88 

31.11 

24 

-3.55 

-4.44 

-40 

-32,00 

-40.00 

1         \        '^> 

52.88 

66.11 

87 

24,44 

30.55 

23 

-4.00 

-5.00 

m     \    150 1 

52.44 

65.55 

86 

24.00 

30.00 

22 

—4.44 

—  5,55 

H    V 

149  1 

52,00 

65.00 

85 

23.55 

29.44 

21 

-4.88 

-6.11 

k 

r. 

2x 

J 

1^^^ 

330 


HEAT. 


Heat 


TABLE  II.     To  convert  degrees.  Centigrade. 


Cha 


Cent 

Reaam. 

Fahr. 

CenU 

Reaum. 

Fahr. 

CeDt 

Reaum. 

Fahr. 

CenU 

Reaum. 

Fahr. 

100 

80. 

212. 

64 

51.2 

147.2 

28 

22.4 

82.4 

-  8 

-  6.4 

17.6 

99 

79.2 

210.2 

63 

50.4 

145.4 

27 

21.6 

80.6 

-  9 

-  7.3 

15.8 

98 

78.4 

208.4 

62 

49  6 

143.6 

26 

20.8 

78.8 

-10 

-  8. 

14. 

97 

77.6 

206.6 

61 

48.8 

141.8 

25 

20. 

77. 

-11 

-  8.8 

12.2 

96 

76.8 

204.8 

60 

48. 

140. 

24 

19.2 

75.2 

-12 

-  9.6 

10.4 

95 

76. 

203. 

59 

47.2 

138.2 

23 

18.4 

73.4 

-13 

-10.4 

8.6 

94 

75.2 

201.2 

58 

46.4 

136.4 

22 

17.6 

71.6 

-14 

-11.2 

6.8 

93 

74.4 

199.4 

57 

45.6 

134.6 

21 

16.8 

69.8 

-15 

-12. 

5. 

92 

73.6 

197.6 

56 

44.8 

132.8 

20 

16. 

68. 

-16 

-12.8 

8,2 

91 

72.8 

195.8 

55 

44. 

131. 

19 

15.2 

66.2 

-17 

-13.6 

1.4 

90 

72. 

194. 

54 

43.2 

129.2 

18 

14.4 

64.4 

-18 

-14.4 

-  0.4 

89 

71.2 

192.2 

53 

42.4 

127.4 

17 

13.6 

62.6 

-19 

-15.2 

-  2S 

88 

70.4 

190.4 

52 

41.6 

125.6 

16 

12.8 

60.8 

-20 

-16. 

-   4. 

87 

69.6 

188.6 

51 

40.8 

123.8 

15 

12. 

59. 

-21 

-16.8 

-  6.8 

86 

68.8 

186.8 

50 

40. 

122. 

14, 

11.2 

57.2 

-22 

-17.6 

-  7.6 

85 

68. 

185. 

49 

39.2 

120.2 

13 

10.4 

55.4 

-23 

-18.4 

-  9.4 

84 

67.2 

183.2 

48 

88.4 

118.4 

12 

9.6 

53.6 

-24 

-19.2 

-llJt 

83 

66.4 

181.4 

47 

87.6 

116.6 

11 

8.8 

51.8 

-25 

-20. 

-IS. 

82 

65.6 

179.6 

46 

36.8 

114.8 

10 

8. 

50. 

-26 

-20.8 

-14.8 

81 

64.8 

177.8 

45 

86. 

113. 

9 

7.4 

43.4 

-27 

-21.6 

-16.6 

80 

64. 

176. 

44 

35.2 

111.2 

8 

6.2 

46.2 

-28 

-22,4 

-18.4 

79 

63.2 

174.2 

43 

54.4 

109.4 

7 

5. 

44.6 

-29 

-23. 

-20.2 

78 

62.4 

172.4 

42 

83.6 

107.6 

6 

4.8 

42.8 

-30 

-24.2 

-22. 

77 

61.6 

170.6 

41 

82.8 

105.8 

5 

4. 

41. 

-31 

-24.8 

-23.8 

76 

60.8 

168.8 

40 

82. 

104. 

4 

3.2 

39.2 

-82 

-25, 

-25.6 

75 

60. 

167. 

39 

31.2 

102.2 

3 

2.4 

37.4 

-33 

-26.8 

-27.4 

74 

59.2 

165.2 

38 

30.4 

100.4 

2 

1.6 

35.6 

-34 

-27, 

-29.2 

73 

58.4 

163.4 

87 

29.6 

98.6 

1 

0.8 

33.8 

-35 

-28. 

-81. 

72 

57.6 

161.6 

36 

28.8 

96.8 

0 

0. 

32. 

-36 

-28. 

-82.8 

71 

56.8 

159.8 

35 

28. 

95. 

-1 

-0.8 

30.2 

-87 

-28. 

-84.6 

70 

56. 

158. 

34 

27.2 

93.2 

-2 

-1.6 

28.4 

-88 

-30. 

-86.4 

69 

55.2 

156.2 

33 

26.4 

91.4 

-3 

-2.4 

26.6 

-89 

-31. 

-88. 

68 

54.4 

154.4 

32 

25.6 

89.6 

-4 

-3.2 

24.8 

-40 

-32. 

-40 

67 

53.6 

152.6 

81 

24.8 

87.8 

-5 

-4. 

23. 

66 

52.8 

150.8 

30 

24. 

86. 

-6 

-4.8 

21.2 

65 

52. 

149. 

29 

23.2 

84.2 

-7 

-5.6 

19.4 

H  E  A  T* 


BMt 


TABLE  rV.    General  EffkiM  of  Heateorrmponding  to  certain  Temperaturet.    (Hmrmy  Aiettf.) 


r  of  the  leak  of  Wedgwood 

Grttteitlieat  of  an  tir  fiwuce,  8  indies  in 

Chineie  poivelun  loftenedip  beit  lOft 

Cut iion» tfaonraghlT mehed 

HeMian  crnriMe  netted 


whidi  did  notioften  Ntnkeen  poccehun 


CietinobcgiQetonelt  

OratftMt  heat  of  m  common  imilh'e  fiKfe 


Plate  fiam  fornaee  (straogeit  haat). 
Bow  porcelain  Titrifiei 


I  poicelain  aofteoed,  inferior  lort. . 

flint  glaaifnmBoe<itraBgeit  heat) 

Deri>j  porcelain  Titzifiei 

Stoneware  baked  in . 


Welding  heat  of  iron,  greateit    

Welding  heat  of  inm,teaat  •• 

Cream-colomed  ware  baked m    •••••••••• 

fHnt  {[la«  famaoa  (weak  heal) 

Working  heat  of  pUte  glam. . . .  • 

Delft  ware  baked  in 

Fine  gold  melts 

Settfing  heat  of  ffint  glass     

linesUTermdts 

Swedish  copper  melts  •••••# 

Bram  melts ...•• 

Heat  bj  which  enamel  colonis  are  bvmt  on 

Red  heat  folly  visible  in  daylight   

Iraoredhotmtwilwht. 


Heat  of  a  common  fire  (Irrine) 
Iron  bright  red  in  the  dark  . . ., 
Zinc  I 


QnieksilYer  boils  (Inrine). 

QniaksihrerboUsCI>alton> 

QnieUlTer  boib  (Ciichton) 

liaaeed  oil  boils  

Lead. melts  (Gnytoo,  Irrine)  •• • 

Solpfattiie  acid  boUs  (DahonS 

Theswfhceof  po&died  steel  acqoires  n  deep  bine  coknr 

Oil  of  torpentine  boils • 

Solphnrbnms  • 

Fhoqphoms  boib 

Bismuth  melts  (Inrine)    • 

The  surface  of  polished  steel  acquires  a  pale  straw  colour  

Tin  melts  (Canton,  Irvine)    

A  compound  of  equal  parts  of  tin  and  bismuth  melts 

Nitric  add  boils 

Sulphur  melts   

A  saturated  solutioD  of  salt  boils 

Water  boils  ^the  barometer  being  at  30  inches ;)  also  a  compound  of  5  of  bismuth,  3  of  tin, 

and  2  of  lead,  melts 

A  compound  of  3  of  tin,  5  of  lead,  and  8  of  bismuth,  melts 

Sodium  fuses  (Gay  Luasac  and  Thenard) 

Alcohol  boUs 

Bees'  wax  melts  • 

Potassittm  fuses  (Oay  Lossac  and  Thenaid)   • 

Spermaceti  melts 

fno^horus  melts  (Thenard)    

Phosphorus  melts 

Ether  boils    

Bfedium  temperature  of  the  globe 

Ice  melts 


Milkfreeies 

Vinegar  ireeies  at  about , 

Strong  wine  freezes  at  about 

A  mixture  of  1  part  of  alcohol  and  3  parU  of  water  freezes    

A  mixture  of  alcohol  and  water  in  eaual  quantities  freezes 

A  miiture  of  2  oarts  of  alcohol  and  i  of  water  freezes 

Melting  point  or  quicksilver  rCavendish^  

liquid  ammonia  crystallizes  (Vauquelin) 

Nitric  acid,  S.  O.  about  142,  freezes,  (Cavendish) 

Sulphuric  ether  congeals  (Vauquelin) 

Natural  temperature  observed  at  Hudson's  Bay 

Ammoniacal  ns  condenses  into  a  liquid  (Guyton) 

Nitrous  add  freezes  (Vauquelin) 

Cold  produced  from  oiluted  sulphuric  .add  and  snow,  the  materials  being  at  the  temperature 

of  ^57 

Greatest  artificial  cold  yet  measured  (Walker) 


24IP 
100 
1S6 
100 

loa 

ISO 

lao 

185 
124 
121 
120 
114 
112 
102 

96 

90 

86 

70 

57 

41 

32 

29 

28 

27 

21 
6 
0 


C 


•2t77* 

21877 

21857 

2857T 

20677 

18827 

17977 

17)87 

17197 

18807 

loen 

16897 
15837 
14337 
13427 
12777 
12257 
10177 

8487 

8407 

6237 

4847 

4717  . 

4687 


S 


1857 

1077 

884 

790 
752 
700 
872 
860 
856 
800 
694 
590 
580 
660 

554 

476 
460 
442 
288 
242 
226 
218 

212 

210 

194 

174 

142 

136 

133 

109 

100 

98 

50 

32 

30 

28 

20 

7 

-  7 

-  11 

-  39 

-  42 

-  45 

-  47 

-  50 

-  54 

-  56 

-  78* 

-  91 
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TABLE  X,    Frigorific  Mixtures  without  Ice. 


Mixtures. 


Put*. 

Muriate  of  ammonia «..  5 

Nitrate  of  potash  5 

Water    16 

Muriate  of  ammonia 6 

Nitrate  of  potash  5 

Sulphate  of  soda   8 

Water    16 

Nitrate  of  ammonia 

Water    

Nitrate  of  ammonia • . .  • . 

Carbonate  of  soda 

Water    

Sulphate  of  soda    3 

Diluted  nitric  add    2 

Sulphate  of  soda    6 

Muriate  of  ammuuia 4 

Nitrate  of  potash  2 

Diluted  nitric  acid    4 

Sulphate  of  soda    6 

Nitrate  of  ammonia 5 

Diluted  nitric  acid 4 

Phosphate  of  soda 9 

Diluted  nitric  acid 4 

Phosphate  of  soda 9 

Nitrate  of  ammonia 6 

Diluted  nitric  acid    4 

Sulphate  of  soda    8 

Muriatic  acid    5 

Sulphate  of  soda  5 

Diluted  sulphuric  acid 4 


Thermometer  sinks. 


from  +  60**  to  -f  10® 

from  +   50  to  •(•  4 

from  -f   50  to  -f  4 

from  •«•   50  to  —  7 

from  -f  50  to   —  3 

from  +  50  to  —  10 

from  +50  to  —  14 

from  +  50  to   —  12 

from  f   50  to  —  21 

from  +   50  to  0 

from  +  50  to  +  3 


Degree  of  cold  produced. 


40 

46 

46 
57 
53 

60 

64 

62 

71 

50 
47 


N.  B  If  the  materials  are  mixed  at  a  warmer  temperature  than  that  expressed  in  the  table,  the  effect  will  be 
proportionably  greater;  thus,  if  the  most  powerful  of  these  mixtures  be  made  when  the  air  is  +  85^,  it  will 
sink  the  thermometer  to  +  2^. 


TABLE  XT.    Frigorific  Mixtures  with  Ice. 


MIztaret. 


Thermoneter  tinks. 


Degree  of  cold  prodaced. 


Parts. 

Snow,  or  pounded  ice 2 

Muriate  ot  soda 1 

Snow,  or  pounded  ice   5 

Muriate  or  soda 2 

Muriate  of  ammonia 1 

Snow,  or  pounded  ice   24 

Muriate  of  soda 10 

Muriate  of  ammonia 5 

Nitrate  of  potash 5 

Snow,  or  pounded  ice 12 

Muriate  of  soda 5 

Nitrate  of  ammonia 5 

Snow ••     3 

Diluted  sulphuric  acid  •• 2 

Snow ,. 8 

Muriatic  acid    5 

Snow 7 

Diluted  nitric  acid    4 

Snow 4 

Muriate  of  lime 5 

Snow 2 

Cryst  muriate  of  lime 3 

Snow 3 

Potash    4 


} 


from  any  temperature  to  »  5^ 
from  any  temperature  to  —  12 

from  any  temperttaie  to  —  18 

from  any  temperature  to  —  25 

from  +  32  to  —  23 
from  +  32  to  —  27 
from  +  32  to  —  30 
from  +  32  to  -  40 
from  +  32  to  —  50 
from  +  32  to  —  51 


* 
^ 


55 
59 
62 
72 
82 
83 
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The  following  Table,  No.  XV.,  presents  a  compara- 
■  the  view  of  the  quantities  of  heat  which  different 
bodies  contain  at  a  given  temperature ;  these  are  re- 
ferred tOMTttter  as  a  standard,  calling  its  capacity  1.000. 
As  the  capacities  of  bodies  are  different,  according  a« 
they  exist  in  the  solid,  liquid,  or  aeriform  state,  the 
Table  is  divided  according  to  those  forms  :  the  results 
obtained  by  different  modes  of  experiment  are  placed 
in  distinct  classes.  The  Table  from  I  to  151  contains 
the  results  obtained  by  the  method  of  mixture  and  by 
the  calorimeter ;  these  agreeing  in  principle,  the  capa- 
cities found  by  them  being  inferred  from  measuring  the 
quantity  of  caloric  g^ven  out  by  a  body  in  suffering  a 
certain  change  of  temperature,  by  the  effect  that  quan- 
tity produces  on  another  body  to  which  it  is  communi- 
cated.    Dr.  Crawfurd's  residts  form  the  basis  of  this 


Table,  to  which  are  added  those  established  bj  Inriiie, 
Wilcke,  Gaddin,  Lavoisier  and  Li^lace,  aad  JLirwsn, 
and  also  the  capacities  of  some  solids  aaeertained  by 
Mr.  Dalton  by  this  method.  The  Table  from  IM  to 
175  comprises  the  capacities  of  bodies  estimated  from 
observing  their  times  of  cooling,  established  by  the 
experiments  of  Leslie  and  Dalton.  And  the  table 
from  175  to  the  end  denotes  the  capacities  of  aerial 
fluids  ascertained  by  Delaroche  and  Berard.  The 
initial  letter  of  the  name  of  each  author  is  annexed  to 
the  numbers ;  and  where  a  difference  exists  in  the 
capacity  of  any  body,  as  ascertained  by  diflferent 
Chemists,  it  is  given  according  to  each,  with  a  reference 
by  numbers  within  brackets,  so  that  the  authoriUes 
may  be  compared,  and  that  selected  on  which  it  may 
be  supposed  most  reliance  is  to  be  placed.  (Murray.) 


Cbifii,ri 


TABLE  XV.     Capacities  from  Murray,  i.  p.  252. 


0€uet, 

1  Hydrogen  gas  (178) 21.4000  C. 

2  Oxygen  gu  (180) 4.7490  — 

3  Atmospheric  air  (177)   1.7900  — 

4  Aqueous  vapour  (185) • . . .    1.5500  — 

5  Carbonic  acid  gas  (179)    1.0454  — 

6  l^itrogengas  (181)   7936  — 

Liguidt. 

7  Solution  of  carbonate  of  ammonia  (154)  • « 1.8510  K. 

8  Solution  of  brown  sugar 1.0860  — 

9  Alcohol,  15.44  (158)     1.0860  — 

10  Arterial  blood 1.0300  C. 

11  Water 1.0000  — 

12  Cow's  milk  (153) 9999  — 

13  Sulphuret  of  ammonia 9940  K. 

14  Solutioa  of  nuriate  of  soda,  1  in  10  of  water 9360  O. 

15  Alcohol  (9,44,158)     9300  Ir. 

16  Sulphuric  acid,  diluted  with  10  parts  water 9250  G. 

17  Sohition  of  muriate  of  soda  in  0.4  of  water 9050  — 

18  Venous  blood 8928  C. 

19  Sulphuric  acid,  with  5  parts  water         .8760  G. 

20  Solution  of  muriate  of  soda  in  5  of  wate    .8680  — 

21  Nitric  acid  (39.  159)    8440  K. 

22  Solution  of  sulphate  of  magnesia  in  2  of  water  . .     .8440  — 

23  Solution  of  muriate  of  soda  in  8  of  water 8320  

24  Solation  of  muriate  of  soda  in  333  of  water 8208  G. 

25  Solution  of  nitrate  of  notash  in  8  of  water   .8167 '  L. 

26  Solution  of  muriate  or  soda  in  2.8  of  water 8020  G. 

27  Solution  of  muriate  of  ammonia  in  1.5  of  water  . .     .7980  K 

28  Solation  of  muriate  of  soda  saturated,  or  in  2.69  of 

water .7980  G. 

29  Solution  of  supertartrate  of  potash  in  237.3  of  water    .7650  K. 

30  Solution  of  carbonate  of  potash   .7590 

31  Colouricss  sulphuric  acid  (51,  55, 56,  57,  173)  . .     .7580  — 

32  Sulphuric  acid  with  2  parU  of  water 7490  G. 

33  a)lution  of  sulphate  of  iron  in  2.5  of  water 7340  K 

34  Solution  of  sulphate  of  soda  in  2.9  of  water 7280 

35  Olive  oil  (172) 7100  — 

36  Water  of  ammonia,  specific  gravity  0.997,  (152)        .7080  — 

37  Muriatic  acid,  specific  gravity  1.122  (169) 6800  — 

38  Sulphuric  acid,  4  parU  with  5  of  water 6631  L. 

39  Nitric  acid,  specific  gravity  1.29895  (21,  159)    . .     .6613  — 

40  Solution  of  alum  in  4.45  of  water 6490  K. 

41  Mixture  of  nitric  acid  with  lime  9^  tr.  1 .6189  .L. 

42  Sulphuric  acid,  with  an  etjual  weight  of  water   .,     .6050  G. 

43  Sulphuric  acid,  4  parts  with  3  of  water 6031  L. 

44  Alcohol  (9,  15,  158, 166) .«021  C. 

45  Nitrous  acid,  specific  gravity  1.354 5760  K. 

46  linseed  oil .5280 

47  Spermaceti  oil  (63,  171)   5000  C. 

48  Sulphuric  acid,  with  4  of  water  .5000  O. 

49  Oil  of  turpendne  (52)   ..« 4720  K. 

60  Sulphuric  acid  with  J  of  water 4420  G. 

51  Sulphuric  acid  (31,55,  5,57,  173) .4290  C. 

52  Oil  of  turpentine  (49)    4000  Ir. 

63  Spermaceti  oil  (47, 171)    .3990  K. 


54  Red  wine  vinegar  (155) -8870  — 

55  Sulphuric  acid,  concentrated  and  colourless  (31)     .3390  G. 

56  Sulphuric  acid,  specific  gravity  1.87058 .3345  L. 

57  Sulphuric  acid  (31,  51,  174)    3330  Ir. 

58  Spermaceti  melted .3200  — 

59  Quicksilrer,  specific  gravity  13.30  (175) 0330  K. 

60  Quicksilver 0200  L. 

61  Quicksilver 0290  W. 

62  Quicksilver 0280  Ir. 

Solids, 

63  Ice 9000  K. 

64  Ice .8000  Ir. 

65  Ox  hide  with  the  hair 7870  C. 

66  Sheep's  lung* 7690  — 

67  Beef  of  an  ox    7400  — 

68  Rice    .6060  — 

69  Horse  beans .5020  — 

70  Dust  of  the  pine-tree    6000  — 

71  Peue     -4920  — 

72  Wheat    .4770  — 

73Whiiewax .4500  0. 

74  Quicklime,  with  water,  in  the  proportion  of  16  to  9    ^891  L. 

75  Barley    4210  C 

76  Oau   4160  — 

77  Charcoal  of  brickwood  (86) .3950  G. 

78  Carbonate  of  magnesia ..v .3790  — 

79  Prusttan  blue .3000-— 

80  Qoicklime 3000  D. 

81  Quicklime  saturated  with  water,  and  dxied 2800  G. 

82  Pit  coal 2800  D. 

83  Pit  coal 2777  C. 

84  Chalk ^00  D. 

85  Artificial  gypsum 2640  C. 

86  Charcoal  (77)   .2631  C. 

87  Chalk  (84. 96) 2564  — 

88  Rust  of  iron .2500  — 

89  White  clay .2410  O. 

90  Sea  salt  (94) .i2300  D. 

91  White  oxide  of  antimony  washed .2272  C 

92  Oxide  of  copper    2272  — 

93  QuickUme  (§0,  95)    2229  — 

91  Muriate  of  soda  in  crystals  (90) .2269  O. 

95  Quicklime  (80,  93)    .2168  1.. 

96  Chalk  (84,87) 2070  O. 

97  Crown  glass  2000  Ir. 

98  Agate,  specific  gravity  2648 1950  W« 

99  Earthenware 1960  K. 

100  Crystal  glass  without  lead 1929  l^ 

101  Cinders 1923  a 

102  Flint  glass,  specific  gravity  287  (106) 1900  D. 

103  Sulphur 1900  — 

104  Sulphur  (109)   1890  Ir.  Jr. 

105  Ashes  of  cinders   1855  C. 

106  White  glass,  specific  gravity  2J386  (102) 1870  W. 

107  White  clay  burnt 1850  G. 

108  Black  lead 1830  — 

109  Sulphur  (103,  104) 1830  K. 
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Ho  Oxide  of  antimony  neai .   free  of  air 1666  C. 

Hi  Rust  of  iron,  nearly  free  of  dir. . .     ., 1666  — 

112  Ashes  of  elm  wood    1402  — 

113  Iron  (116. 118,  119,123) 1450  Ir. 

114  Oxide  of  zinc,  nearly  freed  from  air 1369  C. 

115  White  cast  iron 1320  G. 

116  Iron    1300  D. 

117  White  oxide  of  arsenic 1260  G. 

118  Iron  (113,  116,119,123) 1269  C. 

119  Iron,  specific  gravity  7876,   1260  W. 

ISO  Cast  iron  abounding  in  plumbago 1240  G. 

131  Haniened  steel 1230  — 

m  Steel  softened  by  fire 1200  — 

123  Soft  bar  iron,  specific  gravity  7.724,  (118)   1190  G. 

124  Brmac,  specific  gravity  8^56,  (126j 1160  W. 

125  Copper,  specific  gravity  8.7Q5,  (127) 1140  — 

126  Brass  (124)    1123  a 

127  Copper  (125.134) 1111  — 

128  Sheet  iron 1099  JU 

129  Zinc,  specific  gravity  7154  (136)    1020  W. 

130  Zioc    1000  D. 

J31  Nickel    1000  D. 

132  White  oxide  of  tin,  nearly  free  of  air    .0990  C. 

J33  Cast  pure  copper,  heat^  between  charcoal,  and 

cooled  slowly,  specific  gravity  7907     0990  O. 

134  Hammered  copper,  specific  gravity  9150 .0970  — 

135  Oxide  of  tin  (132) 0960  K. 

136  Zinc  (129) 0943  C. 

137  Ashes  of  charcoal 0909  — 

138  Sablimed  arsenic    0840  G. 

139  SUver,  specific  gravity  10.001    0820  W. 

140  Tm  (145)   0704  C. 

141  Yellow  oxide  of  lead 0680  — 

14aWhitelead 0670  G. 

143  Antimony   0645  C. 

144  Antimony,  specific  gravity  6.107 0630  W. 

145  Tin,  specific  gravity  7380,  (140) 0600  — 

146  Bed  oxide  of  lead 0590  G. 

147  Gold,  specific  gravity  1.904 ,.,   :........    .0500  W. 

148  Vitrifii3^  oxide  of  lead   0490  G. 

149  Bismnth.  specific  gravity  9.861     0430  W. 

150  Lead. spec&c gravity.  115    0420  — 

151  Lnd 0352  C. 

Liquids. 

}^^  Solution  of  ammonia,  specific  gravity  948,  (36) . .  1.0300  D. 

153  Milk,  specific  gravity  1 .026.  (12) -SSOO  — 

154  Solution  of  carbonate  of  ammonia,  S.  G.  1053,  (7)  ^500  — 


155  Common  vinegar,  specific  gravity  1.02,  (54) 9200  D. 

156  Solution  of  common  salt,  specific  gravity  1.197  . .    .7800  — 

157  Solution  of  sugar,  specific  gravity  1.17 7700 

158  Alcohol,  specific  gravity  85,  (9, 15,  44) 7600  — 

159  Citric  acid,  specific  gravity  1.2,  (21,  39) 7600  — 

1.60  Solution  of  carbonate  of  potash,  q>«cific  gravity  130,  .7500 

161  Alcohol,  specific  gravity  817     7000  -  • 

162  Nitric  acid,  specific  gravity  1.30,  (39) 6800  — 

163  Acetic  acid,  specific  gravity  1.056 6600  — 

164  Sulphuric  ether,  specific  gravity  76 6600  — 

165  Alcohol  (9,  15,  158,161) *. 6400  Les. 

166  Nitric  acid,  specific  gravity  136,  (45) 6300  D. 

167  Nitric  acid ' 6200  Lcs. 

168  Solution  of  nitrate  of  lime,  specific  gravity  1.4^ 6200  D. 

169  Muriatic  acid,  specific  gravity  1.153,  (37)    6000  —  ■ 

1 70  Sulphuric  acid  and  water,  equal  bulks,    5200  «- 

171  Spermaceti  oil  (47,  53) .15200  - 

172  Olive  oil  (35) : 5000  Let. 

173  Sulphuric  acid,  specific  gravity  1.844 .3500  D. 

174  Sulphuric  acid  (31,  51,  56) 3400  Les. 

176  Qmcksil?er(59,  60) .0400  D. 

Capacitiei  »/  Gases  for  Caioricm 
1.  Referred  to  Water  as  a  Standard, 

176  Water 1.0000 

177Air(3)   0.266D 

178  Hydrogen  gas  (1) 3.2936 

179  Carbonic  acid  (5) 0.2210 

180  Oxygen  (2) 0.2361 

181  Nitrogen  (6) 0.2754 

182  Nitrous  oxide .*.  0.2369 

183  Olefiantgas    0.4207 

184  Carbonic  oxide 0.2884 

185  Aqueous  vapour  (4)  0.8470 

2.  Referred  to  Air  as  a  Standard, 

Specific  heats  of 


Chap.  VI. 


Equal  volume. 

186  Air 1.0000  ... 

187  Hydrogen    0.9033  . . . 

188  Carbonic  acid 1.2583  .... 

189  Oxygen 0.9766  ... 

190  Nitrogen 1.0000  \ .  • 

191  Nitrous  oxide 1.3503  ... 

192  Olefiaat  gas 1.5530 


Equal  weight. 
..  1.0000 
. .  12.3401 
..  0.8280 
..  0.8848 
..  1.0318 
..  0.8878 
1.5763 


193  Carbonic  oxide  1.0340 1.0805 
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INDEX. 

1^  Dii«l«ri  refer  to  tin  bracketed  Bimeralf  at  the  eommencei&ent  of  each  paragraph. 


AaaoBtTMnii  192. 
AbiorpdTe  power  of  furfaees,  ISO. 
Heat      Alcohol  theniioineter«  %3. 
^m,^^»mJ  Boiliagpotnton  thermometer,  9. 

B<nliiig  pouita,variatioQ  o^  Oay  loiaac,  74. 

Brcguef  i  thermooteter,  24. 

CalOTic,  IntiodttctioiL 

Calorimeter  of  Lavoiiier,  150»  231. 

Calorimeter  of  Romford,  157. 

Chemical  action  producea  heat,  130. 

Chemical  effecU  of  heat,  108. 

Colours,  effect  of,  in  abwrbing  heat,  110. 

ComboitioD,  108. 

Combuatioii,  heat  prodnced  by  rarioos  bodies  during,  155,  159, 160. 

Comparability  of  thermometen,  11. 

Condncting  power,  198. 

Conducting  power  of  solids,  199. 

Conducting  power  of  liquids,  211. 

Conducting  power  of  gases,  219. 

Condensation,  117. 

Cooling,  laws  of,  172. 

Copper,  absolute  dilatation  of,  60. 

Cryophoms,  129. 

Crystals,  unequal  dilatation  of,  62. 

Differential  thermometer,  30. 

Dilatation  of  glass,  singular  properties  of,  by  Dr.  Brewster,  64. 

Dilatation  generally,  1. 

Dilatation  of  solids,  32. 

Dilatation  of  liqiuds  and  gases,  37. 

Dilatation  of  mercury  in  glass  and  not  in  glass,  20. 

Dilatation  absolute,  of  gases,  5 1 . 

Dilatation  absolute,  of  mercury,  58. 

Dilatation  of  water.  Dr.  Young's  formula,  50. 

Dilatation  of  crystals  uneoual,  62. 

Dilatation  of  different  booies  unequal,  1 . 

Elastic  force  of  pure  Tapour  in  Tacuo,  79. 

Elastic  force  of  gas  and  vapour  mixed,  90. 

Electrid^  a  source  of  heat,  113. 

Evaporation  a  source  of  cold,  127. 

Evaporation  of  water,  93. 

Expansion,  see  Dilatation. 

Freedng  mixtures,  165. 

Sneezing  point  on  thermometers,  8. 

Friction,  122. 

Fusion,  65. 

Formula  for  comparison  of  thermometers,  18. 

Formula  for  incomplete  plunging  of  thermometers,  21. 

Formula  for  dilaUtbo  of  a  solid,  32, 33, 34, 36,  and  36. 

Formula  for  true  volume  of  a  gas  over  mercury,  40. 

Formula  for  true  volume  of  a  gas  over  water,  41 . 

Formula  for  dilatation  of  solids  and  liquids  by  heat,  42. 

Formula  for  dilatation  of  gases  Iw  heat,  43. 

Formula,  Biot's,  for  dilatation  of  liouidt,  48. 

Formula,  Young's,  for  dilatation  of  water,  50. 

Formula,  Biot's,  for  elastic  force  of  vapour  of  water,  80. 

Formula,  Ure's,  for  elastic  force  of  vapour  of  water,  81. 

Formula,  Creiehton's,  for  elastic  force  of  vapour  of  water,  82. 

Formula,  Southern's,  for  elastic  force  of  vapour  of  water,  82. 

Formula  for  tension  of  vapour  in  atmosphere,  98. 

Formula  for  atmospheric  evaporation,  100. 

Formula  for  cooling  in  vacuo  and  in  gases,  172. 

Formula,  Biot's,  for  conducting  power  in  a  bar,  209. 

Formula  for  comparing  specific  caloric  by  method  of  mixtures,  224. 

Formula  ditto  corrected  for  vessel,  228. 

Formula  for  specific  caloric  of  liquids  estimated  by  ice  calorimeter, 

231. 
Formula,  Poisson's,  for  capaaty  of  gases,  241. 
Glass,  absolute  dilatation  of,  59. 
Graduation  of  thermometers,  12,  13,  14, 15, 16,  17. 
Graduation  of  thermometers  if  tube  unequal,  19. 
Heat,  general  notions  on.  Introduction. 
Heat,  theories  of,  271, 272. 


Incandescence,  107. 

lofiammation,  108. 

Iron,  absolute  dilatation  of,  60. 

Latent  heat,  249, 6cc. 

Latent  beat,  estimated  by  ice  calorimeter,  255. 

Latent  heat,  estimated  by  Romford's  calorimeter,  363. 

Mechanical  action,  a  source  of  heat,  116 

Mercury,  absolute  dilatation  of,  68. 

Mercury,  dilatation  of  in  glass,  67. 

Percussion,  116. 

Platinum,  absolute  dilatation  of,  60. 

Pyrometer,  Wedgwood's,  26. 

Radiation,  166,  173,  189. 

Radiation,  Leslie's  experiments,  179. 

Radiant  heat,  Leslie's  theory,  197. 

Radiant  heat.  Provost's  theory,  197. 

Rarefaction,  121. 

Reflection,  193. 

Register  thermometer,  27. 

Roister  thermometer,  Six's,  28. 

Register  thermometer.  Gay  Luasac's,  29. 

Solar  heat,  109. 

Solidificadoo,  67,  68. 

Sources  of  heat  and  cold,  109,  &c. 

Specific  caloric,  definition  of,  220. 

Specific  caloric,  estimated  by  method  of  mixture,  223. 

Specific  caluric,  estimated  by  ice  calorimeter,  231. 

Specific  caloric,  uble  of.  233. 

Specific  caloric,  estimated  by  Meyer's  process,  237. 

Specific  caloric  of  gases,  by  Delaroche  ana  Berard,  238. 

Temperature,  explanation  of.  Introduction . 

Theories  of  heat,  271, 272. 

Thermometer,  4. 

Thermometer,  construction  of  mercurial,  7. 

Theimometer,  fixed  points  upon,  8  and  9. 

Thermometer,  comparability  of,  11. 

Thermometer,  graauation  of,  12  to  17. 

Thermometer,  formulm  for  comparison  of,  18. 

Thermometer,  formula  if  not  completely  plunged,  21. 

Thermometer,  alcohol. 

Thermometer,  Breguet's,  24. 

Thermometer,  register,  27. 

Thermometer,  Six's,  28. 

Thermometer,  Gav  Lussac's,  29. 

Thermometer,  differential,  30. 

Table,  comparing  absolute  dilatation  of  air,  with  the  mercurial 
thermometer,  67. 

Table,  comparing  absolute  dilatation  of  air  with  that  of  glaai,  and  of 
mercury  m  glass,  59. 

Table,  companng  absolute  dilatation  of  air,  iron,  copper,  and  pla- 
tinum, 60. 

Table  of  freeting  points  of  sulphuric  acid,  68. 

Table  of  barometric  heights  and  boiling  points  near  212^,  75. 

Table  of  S.  G.  of  steam  at  different  temperatures,  77. 

Table  of  elastic  force  of  vapour  of  ether  nrom  Dalton,  86. 

Table  of  S.  G.  of  certain  vapours,  89. 

Table  by  Dulong  and  Petit,  comparing  specific  heats  with  atonuc 
weights,  246. 

Table  of  linear  dilatation  of  solids.  Appendix  A. 

Table  of  elasticity  of  vapour  below  32  ,  by  Dalton,  Appendix  B. 

Table  for  comparison  of  thermometers,  Appendix  1.,  II.,  and  III. 

Table  of  general  effects  of  beat.  Appendix  IV. 

Table  of  elastic  force  of  steam.  Appendix  V. 

Table  of  elastic  force  of  some  vapours,  by  Ure,  Appendix  VI. 

Table  of  heat  produced  by  burning  woods,  Appenoix  IX. 

Table  of  freezing  mixtures.  Appendix  X.,  XI.,  and  XII. 

Table  of  radiation  of  surfaces.  Appendix  XIII. 

Table  of  reflecting  power  of  surtaces.  Appendix  XIV. 

Table  of  specific  heats  of  bodies.  Appendix  XV. 

Vapourisauon,  70. 

Vapour  and  gas,  defined,  71. 

Vapours,  specific  gravity  of,  89. 
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lighL  Many  bodies  possess  the  property  of  intercepting^  this  peculiar  intercourse  between  luminous  bodies  and  our     As( 

^^— "^v^^^  eyes,  or  other  botUes.     A  screen  of  metal  interposed  between  the  sun  and   onr  eyes  prevents   our  seeing  it ; 
»'»         interposed  between  the  sun  and  a  sheet  of  white  paper,  or  other  object,  it  fajsln  a  shadow   on  such  object ;    r.«. 
f)paf|uet>o-  renders  it  non-Uiminous,     By  this  power  of  bodies  to  intercept  hf»'ht»   we  learn  that  the  coramunicatiou  which 
reoi  llebL     consUtutcs  it  takes  place  in  straig^ht  lines.     We  cannot  see  through  a  bent  metallic  tube,  nor  perceive  the  least 
glimpse  of  light  throu^'h    three  small    holes  in  as  many  plates  of  metal    placed   one  behind  the    otiier  at  a 
distance*  unless  tlie  holes   he  situated  c\actly  in  one  straight  line.     Moreover,  the  shadows  of  bodies,  when 
Light  craa-  fa  rly  received  on  smooth  surfaces   j>erpendicular  to  the  line  in   which    the  luminous  body   lies,  are  similar  in 
"*'**/'^       figure   to  the  section  of  tiie  body  which  ]>roduces  them,  which  could  not  be,  except  the  light  were   commu- 
nicated in  straio:ht  lines  imm  ttieir  edf^^es  t<i  tiie  borders  of  the  shadow.     We  express  this  property  by  saving 
that  light  cmanatefi,  or  radifiiejt^  or  is  propagattd  tVom  luminous  bodies  in  sitraight  lines  ;  by  which  expressions 
nothing  more  is  to  be  understood  than  the  mere  fact,   wilhcmt  in  any  way  prejudging  the  question  as  to   the 
intimate  nature  of  this  emanation.     Moreover,  it  timtnatts  from  them  in  all  directions^  for  we  see  them  in  all 
situations    of  the  eye,  provided    notliing    intervene    to  intercept  the  light.      This  is   the  essential   dislinctiou 
between    luminous  bodies  and   optical   images;    from  which,  as   we  shall  see,  light  emanates   only  in  certali^ 
directions.     Whether  it  emanates  eqtialli/  in  all  directions  will  he  considered  farther  on. 

Light  also  radiates  from  every  point  (at  least  from  every  phi/sival  point)  of  a  luminous  body.  This  m^^ 
perhaps,  be  regarded  as  a  truism  ;  for  those  points  of  a  luminous  body  from  wtiicli  (as  from  the  spots  in  t.|^^ 
sun)  no  light  emanates,  are^in  fact,  non-luminous,  and  the  body  is  only  partially  so;  the  figure  of  the  spot%     -^ 


lines, 

in  all  di- 
rectloDSj 

6. 

anil  fiv>m 
erirypKysi' 

»  luniin<yu3   ^^^y  ^^^^*  because  it  is  also   necessarily  that  of  the  luminous  surface  which  surrounds  them.      Still  it  sh«»u^^^ 
iurlttte,        be  borne  in  mind,  for  reasons  which  will   appear  when  we  come  to  speak  of  the   formation  of  images     It         : 
possible  (nay,  probable)  that  a  luminous  surface,  such  as  that  of  the  flame  of  a  caudle,  may  consist  only  oC  ^^^ 
immense  but  finite  number  of  luuunous  points,  surrounded   by  non-lumiuouH  spaces;    but  it  is  not  oeiil   ^^ 
demonstration  this  idea  admits  of;  and  it  is  sufficient  for  our  pui'pose  that,  so  fur  as  our  senses  inform  us,  eve^  -^ 
physical  point  of  a  luminous  surfiice  is  a  separate  and    indtpendt-ni    source   of   light.     We   may  magnify  in         « 
telescope  the  suu*s  disc  to  any  extent,  and  intercept  all  but  the  very  smallest  portions  of  it,  (spots  exccptecM  J 
yet  the  vinbiiiiy  of  one  part  is  no  way  imjuured  by  the  exclusion  of  the  rest.     In  this  sense  the  propositiczz^fl 
is  no  truism,  but  an  important  tact,  of  vvfiich  we  shall  hereafter  trace  the  consequences. 
7^  When  the  sun    shines    through    a    small    hole,    and    is    received     on    a    white    screen    behind    at   a  co'^n- 

^derable  distance,  we  see  a  round  luminous  spot,  which  enlarges  as  the  screen  recedes  from  the  bole,  ^f 
we  measure  the  diameter  of  this  image  at  ditferent  distances  from  the  hole,  it  will  be  found  that  (lav*ir«-g 
out  of  the  question  certain  small  causes  of  ditference  not  now  in  contemj>lation)  the  angle  subtended  fc^J 
the  spot  at  the  centre  of  the  hole  is  constant,  and  equal  to  the  apparent  angidar  diameter  of  the  sun.  T^:** 
reason  of  this  is  obvious;  the  light  from  every  point  in  the  sun's  disc  passes  through  the  hole,  antl  contiau^^ 
its  course  in  a  right  line  beyond  it  till  it  reaches  the  screen.  Thus  every  point  in  the  sun's  disc  biw  ^ 
point  corresponding  to  it  in  the  screen ;  and  the  whole  circular  spot  on  the  screen  is,  in  fact,  an  ima^e  ^:>^ 
representation  of  the  face  of  the  sun.  That  this  is  really  the  case,  is  evidently  seen  l>y  making  the  exp< 
riment  in  the  time  of  a  solar  eclipse,  when  the  image  on  the  screen,  instead  of  appearing  round,  appea 
horned,  like  the  sun  itself.*  In  like  manner,  if  a  pin-hole  in  a  card  be  held  between  a  candle  and  a  pi< 
of  white  paper  in  a  dark  room,  an  exact  representation  of  the  flame,  but  inverted,  will  be  seen  depicted  c:^ <* 
the  pyper,  which  enlarges  as  the  paper  recedes  from  the  hole ;  and  if  in  a  tlark  room  a  white  screen  t-*^ 
extended  at  a  few  feet  from    a   small    round    hole,  an  exact  picture  of  all  external  objects,  of  their  natur*^^ 


colours  and  forms,  will  be  seen  traced  upon  the  screen  ;    moving  objects  being  represented  in    motion. 
Fig.  C.  qtuescent  ones  al  rest.    (See  fig.  6.)     To  understand  tins,  we  must  recollect  that  all  objects  exposed  to  lig^  5* 

arc  luminous;  that  tVom  ever\^  physica!  point  of  them  light  radiates  in  all  directions,  so  that  every  point  "•**- 
Uie  screen  is  receiving  light  at  once  from  every  point  in  the  object.  The  same  may  be  said  of  the  holi^^j" 
byt  the  light  that  falls  on  the  hole  passes  through  it,  and  continues  its  course  in  straight  lines  behiim^"-* 
Thus  the  hole  becomes  the  vertex  of  a  con  o  id  a  1  solid  prolonged  both  ways,  having  the  object  for  '^^^^ 
base  at  one  end,  and  the  screen  at  the  other.  The  section  of  this  solid  by  the  screen  is  the  picture  we  ^  ^^^ 
projected  on  it,  which  must  manifestly  be  exactly  similar  to  the  object,  and  inverted,  according  to  the  simpl^^^^-—^ 
ndes  of  Geometry.  , 

8.  Now  if  in  our  screen  receiving  (suppose)  the  image  of  the  sun  we  make  another  small  hole,  and  behL*^^-^ 

it  place  another  screen,  the  light  falling  on  the  space  occupied  by  this  hole  will    pass    beyond  it,  and  re^»-^^^^ 
the  other  screen;    but  it  is  clear  that  it  will  no  longer  dilate  itself,    after  passing  through  the  second  hc»^ 
and  form  another  image  of  the  whole  sun,  but  only  an  image  of  that  ver)  minute  portion  of  the  sun  whi<^ 
corresponds    to    the    space  occupied  in  his  image  on  the   first  screen    by  the    hole  made    there.      The    li«^*^ 
bomiding    the  couoidal  surface  will   in  this  case    have    much    less    divergenc}',    and,    if  the    holes   be    siP^*   '^ 
enough,  and  very  distant  from  each  other,  will  approach  to  physical  lines,  and  that  the  nearer,  as  the  ha^«=^^ 
Hf,  7.         are  smaller  and  their  distance  greater.  (See  tig.  7.)     If  we  conceive  the  holes  reduced  lo  mere  physical  poififJ^-* 
these  lilies  form  what  we  call    rays  of  light.      Mathematically   speaking,   a  ray  of  light  is    an    infinitesima^^ 
pyramid,  having  for  its  vertex  a  luminous  point,  and  for  its  base  an  infinitely  small  portion  of   any  surface 
illuminated  by   it,  and  supposed   to  be    filled    witli    the    luminous    emanation,  whatever  that  may  be.      Thii 
pyramid,  in  homogeneous  media,  and  when  the  course  of  the  ray  is  not   interrupted,  has,  as  we  have  seea, 

*  In  the  eclipse  t>f  September  1  ^  1820,  thb  homed  appearincQ  was  very  striking  in  the  Itimioous  inlersticei  betweea  the  ihaiioifft  o( 
small  irri^gular  ol»]ecta,  «i5  the  leaves  of  t/«csa,  &c.     It  wis  Duticed  by  those  who  bid  no  id^«  of  its  caitse. 
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its  iddes  slraig^ht  lines.     If  cases  should  occur  (as  they  will)  when  the  course  of  the  light  is  curvecl,  or  Bud-     P«rt  L 

denly  broken,  we  may  still  conceive  such  a    |>yramnl  havings  curved  or  broken  sides  to    correspond  ;    or  we  ^^i^*^-— - 
may  (for  brevity's  sake)  substitute  for  it  a  mere  raathematicul    line-,  straight,  euned*  or  broken,  as  the  case 
ttiay  be, 

Liijafht  requires  time  for  its  propa^ration.      Two    spectators    at    different   distances  from  a   luminous  object 

*^sudd«aily  disclosed,  will  not  be^n  to  see  it  at  the  same  mttlhematical  instant  of  time.     The  nearer  wiil  see 

i^  sooner  than  the  more  remote  ;    in  the  same  way  as  two  persons  at  unequal    distances  from    a    g^nn   hear 

^he  report  at  different  moments.     In  like  manner,  if  a  luminous  object  be  suddenly  extin^iished,  a  spectator 

*ill  continue  to  see  it  for  a  certain  time  afterwards,  as  if  it  still  continued  luminous,  and  this  time  will  be 

ftealer  the  farther  he  is  from  it.     The  interval  in  question  is,  however,  so  excessively  small  in  such  distances 

*8  occur  on  the  earth's  surface,  as  to  be  absolutely  insensible ;  but  in  the  immense  expanse  of  the  celestial 

i!|^on»  the  case  is  different.     The  eclipses  and  emersions  of  Jupiter's  satellites  become  visible  much  sooner 

faeorly  a  quarter  of  an  hour)  when  the  earth  is  at  its  least  distance  from  Jupiter  than  when  at  its  greatest. 

Light  (hen  takes  time  to  travti  over  sjmrf.     It  has  a  finite,  thon^h    immense  velocity,  viz.   192 500  miles  per 

J>ec«»tid;    and  this  important  conclusion,  deduced    by  calculation  trom  tlie  phenomenon    just    mentioneti,  and 

irilii^h,  if  it  stood  unsupported,  might  startle  us  with  its  vastness,  and  incline  us  to  look  out  for  some  other 

f  flic»rle  of    explanation,  receives  full  confirmaiiou    from  another  astronomical   phenomenon,    the    aberration    of 

/^fit,  which  (without  entering"  into  any  dose  examination  of    the  mode  in  which  vision  is  produced)  may  be 

expliiiiied  as  follows: 

X^et  a  ray  of  lig-ht  from  a  star  S,  at  such  a  distance  that  all  rays  from  it  maybe  reg^arded  as  parallel,  be 

IBe^fl?ed  on  a  small  screen  A,  haviufr-  an  extremely  minute  opening'  A  in  its  centre  ;  and  let  that  ray  which 

pnwiiPi  throufT-h  the  opening  be  received  at  any  distance  A  B,  on  a  screen  B  pei*pendicular  to  its  direction  ; 

ai¥d   let  B  be  the  point  on  which  it  falls,  the  whole  apparatus  being  supposed  at  rest.     If  then  we  join  the 

|>c»iTits  A,  B  by  an  imaginary  line,  that  line  will  he  the  direction  in  which  the   ray  has  really  travelled,  and 

will    indicate  to  us  the  direction  of  the  star;  and  the  angle  between  that  iine  and  any  fixed  direction  (that 

of    the  plumb-line,  tor  instance)  will  determine  the  star's  place  as, referred  io  that  fixed  direction.     For  sim- 

plioity,  we  will  suppose  this  angle  nothing,  or  the  star  directly  vertical;  then  the  point  B  on  which  the  ray 

bll3will  be  precisely  that  marked  by  a  plumb-hne  let  fall  from  A;  and  the  direction  in  which  we  judge  the 

star  to  lie  will  coincide  precisely  with  the  direction  of  gravity.     Such  will  be  the  case,  supposing  the  earth, 

the    spectator,  and  the  whole  apparatus  at  rest ;  but  now  suppose  them  carrietl  along  in  a  horizontal  direction 

A  C,  B  D,  with  a  uniform  and  equal  velocity,  of  whose  existence  they  will  theretbre  be  pcrtecily  insensible,  and 

tlie   pumb-line  will  hang  steadily  as  betbre,  and  coincide  with  the  same  point  of  the  screen.      At  !he  moment 

wHea  the  ray  SA  from  the  star  passes  through  the  orifice  A,  let  A,  B  be  the  respective  places  of  the  orifice, 

and  the  point  on  the  screen  vertically  below  it.     When  the  ray  has  |)assed  the  orifice,  it  will  pursue  its  course 

in    the  same  straight  line  SAB  as  before,  independent  of  tlie  motion  of  the  apparatus,  and  in  some  certain 

lime  f  =  — .     .  =  t\  will  reach  the  lower  screen.     But  in  this  time  the  aperture*  screens,  and 

plujQiKUQe  will  have  moved  away  through  a  space 

A  n  f  /       J  T     *       ^         .  *  «         earth's  velocity  \ 

Aa=Bb  I  =  t  X  velocity  of  motion  ^  A  B  x  —7-, —  .^  ,.H^  J 

V  ''  velocity  ot  light/ 

At  the  instant,  then,  that  the  ray  Impinges  on  the  lower  screen,  the  plumb-line  will  hang,  not  from  A  on  B,  but 
from  a  on  b  ;  and  a  being  the  real  orifirc,  and  B  the  real  point  of  incidenve  of  the  light  on  the  screen,  the 
spectator,  judging  only  from  tfiese  facts,  will  necessarily  be  led  to  regard  the  ray  as  having  deviated  from  its 
^^rtical  direction,  nnd  as  inchniiig  from  the  vertical,  in  the  direction  of  the  carth*s  motion  through  an  angle  whosic 

•^uigent  is  4—  ot    ^«rtb's  vdodty 
A  B  velocity  of  light 

^^^e  eye  is  such  an  apparatus.  It«?  retina  is  the  screen  on  which  the  light  of  the  star  or  hmiinary  falls, 
a^  vre  judge  of  its  place  only  by  the  actual  point  on  this  screen  where  the  impression  is  made.  The 
^  Y^il  is  the  orifice.  If,  the  eye  preserving  a  fixed  direction,  the  whole  body  be  carried  to  one  side  with  a 
--  *^^ty  commensurate  to  that  of  light,  before  the  rays  can  traverse  the  space  which  separates  the  pupil  from 
^i  t^tina,  the  latter  will  have  shifted  its  place  •  and  the  point  which  receives  the  impression  is  no  longer 
^  %ame  which  would  have  received  it  had  the  eye  and  spectator  remained  at  rest ;  and  this  deviation  is  the 
^^afion  of  fi^ht. 

^^T^very  spectator  on  the  earth    participates  in  the  general  motion  of  the  whole  earth,  which  in  its  annual 
^     't  about  the  sun    is  very  nqjid,  and    though  far  from  equal  to  that  of  light,  is  by  no  means  insensible, 
^^ pared  to  it.      Hence  the  stars,    the  sun,  and   planets,  all    appear    removed  from  their  true   places  in  the 
^*|;^ption  in  which  the  earth  is  moving, 

"^h  direction  is  varying  every  instant,  as  the  earth  describes  an  orbit  round  the  sun.     The  direction  therefore 
.    '  trent  displacemciit  of  any  star  from  its  tme  situation  continually  changes,  i.  e.  the  apparent    place 

|5  1  small  orbit  about  the  tme.     This  phenomenon  is  that  alluded  to.      It  was  noticed  as  a  tact  by 

^JJ^uiley,  while  ignorant  of  its  cause,  that  the  stars  appear  to  describe  annually  small  ellipses  in  the  heavens 
^    about  40^  in  diameter.     The  discovery  of  the  velocity  of  light  by  the  eclipses  of  Jupiter's  satellites,  then 
'^cently  made  by  Roemer,  however,  soon  fimiished  its  explanation.     Later  observations,    especially  those  of 
Wokley  and  Struve,  have  enabled  us  to  assign,  with  great  precision,  the  numerical  amonnt  of  tliis  inequality, 
ait(3  tlience  to  deduce  the  velocity  of  light,  which  by  this  method  comes  out  1^1515  miles  per  second,  differing- 


I 
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light     from  the  former  only  by  a  two  himdredth  part  of  its  whole  quantity.     This  detennination  is  certainly  to  be 
\^^st^mm/  preferred.  s. 

14.  But  this  is  not  the  only  information  respectingr  light  which  astronomical  observations  furnish.  .  We  leant 
Light  uni-  from  them  also,  '*  That  the  light  of  the  sun,  the  planets,  and  all  the  fixed  sUrs,  travels  with  one  and  the  saMe 
ra^n"  '^  ^**<^''y-"     Now  as  we  know  these  bodies  to  be  at  different  and  variable  distances  from  us,  we  hence  condude 

that  the  velocity  of  light  is  independent  of  the  particular  source  from  which  it  emanates,  and  the  ditfiacff 
over  which  it  has  travelled  before  reaching  our  eye. 

15.  The  velocity  of  light,  therefore,  in  that  free  and  perhaps  void  space  which  intervenes  between  us  aad  the 
planets  and  fixed  stars,  cannot  be  supposed  other  than  uniform ;  and  the  calculations  of  the  eclipses  of  Jiqpitcr^s 
satellites,  and  the  places  of  the  distant  planets  made  on  this  supposition  agreeing  with  observation,  prove  it  lo 
be  so.  In  entering  such  media  as  it  traverses,  whoi  arrived  within  the  limits  of  the  atmospheres  of  the  eerlh 
and  other  planets,  we  shall  find  reason  hereafter  to  conclude  that  its  velocity  imdergoes  a  change ;  but,  oA 
all  events,  we  have  no  reason  to  suppose  it  to  differ  in  different  parts  of  one  and  the  same  homogeneowi 
medium. 


16.  The  enormous  velocity  here  assigned  to  light,  surprising  as  it  may  seem,  is  among  those  condoaions  ^ 

Velocit?  of  rest  on  the  best  evidence  that  science  can  afford,  and  may  serve  to  prq>are  us  for  other  yet  more   •"*»«*My 

tratod  b*   "^"^^"^^  estimates.     It  is  when  we  attempt  to  measure  the  vastness  of  the  phenomena  of  nature  with  o«r 

f^umpvi^     f<^ble  scale  of  units,  such  as  we  are  conversant  vrith  on  this  our  planet,  that  we  become  sensible  of  its  inag 

,00^^  nificance  in  the  system  of  the  universe.     Demonstrably  true  as  are  the  results,  they  foil  to  give  us  distinct  eop- 

ceptions ;  we  are  lost  in  the  immensity  of  our  numbers,  and  must  have  recourse  to  other  ways  of  rendcriiig 

them  sensible.     A  cannoh  ball  would  require  seventeen  years  at  least  to  reach  the  sun,  supposing  its  Tekwily 

to  continue  uniform  from  the  moment  of  its  discharge.     Yet  light  travels  over  the  same  space  in  7^  mimifteB. 

The  swiftest  bird,  at  its  utmost  speed,  would  require  nearly  three  weeks  to  make  the  tour  of  the  earth.     ligkt 

performs  the  same  distance  in  much  less  time  than  is  required  for  a  sin^rle  stroke  of  his  wing ;    yet  its  rapidiij^ 

is  but  commensurate  to  the  distances  it  has  to  travel.     It  is  demonstrable  that  light  cannot  possiUy  arrive  ■! 

our  system  from  the  nearest  of  the  fixed  stars  in  less  than  five  years,  and  telescopes  disclose  to  us  objciotf 

probably  many  thousand  times  more  remote. 

But  these  are  considerations  which  belong  rather  to  astronomy  than  to  the  present  subject ;  and  we  will, 
therefore,  return  to  the  consideration  of  the  phenomena  of  emitted  light 

§  II.     Of  Photometry. 

17 
lichi  dtmi-      ^^  these,  one  of  the  most  striking  is  certainly  the  diminution  of  the  illuminating  power  of  any  source  of  Ugbl^ 

bI^i^D,^  arising  from  an  increase  of  its  distance.    We  see  very  well  to  read  by  the  light  of  a  candle  at  a  certain  distanee: 

distance  of  remove  the  candle  twice,  or  ten  times  as  far,  and  we  can  see  to  read  no  longer. 

Its  loarce         Hie  numerical  estimation  of  the  degrees  of  intensity  of  light  constitutes  that  branch  of  optics  which  is  termed 

.7*  ..        If  light  be  a  material  emanation,  a  something  scattered  in  minute  particles  in  all  directions,  it  is  obvious 
inversely  u  ^^  ^^  Stone  quantity  which  is  diffused  over  the  surface  of  a  sphere  concentric  with  the  luminous  points,  if  il 
the  square   continue  its  course,  vrill  successively  be  diffiised  over  larger  and  larger  concentric  spherical  surfaces ;  and  that  its 
of  the        intensity,  or  the  number  of  rays  which  fall  on  a  given  space,  in  each  will  be  inversely  as  the  whole  surfaces  over 
dtitaoce.      which  it  is  diffused ;  that  is,  inversely  as  the  squares  of  their  radii,  or  of  their  distances  from  the  source  of  liglit. 
Without  assuming  Uiis  hypothesis,  the  same  thing  may  be  rendered  evident  as  follows.     Let  a  candle  be  placed 
behind  an  opaque  screen  full  of  small  equal  and  similar  holes ;  the  light  will  shine  through  these,  and  be  inter-    . 
cepted  in  all  other  parts,  forming  a  pyramidal  bundle  of  rays,  having  the  candle  in  the  common  vertex.     If  a  ^ 
sheet  of  white  paper  be  placed  behind  this,  it  will  be  seen  dotted  over  with  small  luminous  specks,  dispoaed^ 
exactly  as  the  holes  in  the  screen.     Suppose  the  holes  so  small,  their  number  so  great,  and  the  eye  so  Hmi^n*^;^ 
from  Uie  paper  that  it  cannot  distinguish  the  individual  specks,  it  will  still  receive  a  general  impression  of  b  ~  ~ 
ness ;   the  paper  vrill  appear  illuminated,  and  present  a  mottled  appearance,  which,  however,  will  grow 
uniform  as  the  holes  are  smaller,  and  closer,  and  the  eye  more  ^tant ;  and  if  extremely  so,  the  paper  ^ 
appear  uniformly  bright.     Now,  if  every  alternate  hole  be  stopped,  the  paper  will  manifestly  receive  only  [ 
the  light,  and  will  therefore  be  only  hidf  as  much  illuminated,  and  C€Bteri$  paribus^  the  degree  of  illuminaa 
is  proportional  to  the  number  of  the  holes  in  the  screen,  or  to  the  number  of  equally  illuminated  specks  one: 
its  surfoce,  t.  t,  if  the  specks  be  infinitely  diminished  in   size,  and  infinitely   increased  in   number,  to   the^ 
number  of  rays  which  fall  on  it  from  the  original  source  of  light. 
19.  Let  a  screen,  so  pierced  with  innumerable  equal  and  very  small  holes  in  the  manner  described,  be  plaoedK 

at  a  given  distance  (1  yard)  fix)m  a  candle;  and  in  the  diverging  pyramid  of  rays  behind  it  place  a  gmall^ 
piece  of  white  paper  of  a  given  area,  (1  square  inch,  for  instance,)  so  as  to  be  entirely  included  in  the  pynunid.-^ 
It  is  manifest  that  the  number  of  rays  which  fall  on  it  will  be  fewer  as  it  is  placed  farther  from  the  irrriT 
because  the  vrhole  number  idiich  pass  the  screen  are  scattered  continually  over   a  larger  and  larger  wpmtm 
Thus  were  it  close  to  the  screen  it  would  receive  a  number  equal  to  that  of  the  holes  in  a  square  inch  oT  iSbm 
screen,  but  at  twice  the  distance  (2  yards)  fi*om  the  candle  this  number  vrill  be  spread  over  four  square  inchit 
by  their  divergence,  and  the  paper  can  therefore  receive  only  a  fourth  part  of  that  niunber.      If,  therefofc^ 

its  illumination  when  close  to  the  screen  be  represented  by  I,  it  vrill  at  tvrice  the  distance  be  only—,  eaj 


LIGHT. 


345 


at  D  limes  the  assumed  unit  of  dietancc,  its  ill umi nation  will  be  —  ,  the    areas    of  sections  of  a  pyramid 

being  as  the  squares  of  tlieir  distances  from  the  vertex. 

As  this  reasonini^  is  independent  of  the  number  and  size  of  the  holes,  and  therefore  of  the  ratio  of  the 
sum  of  their  areas  to  that  of  the  unperfonited  part  of  the  screen,  we  may  conceive  this  ratio  increased  ad 
^fifinitum.  The  screen  then  disappears,  and  the  paper  is  freely  illuminated.  Hence  we  conclude  that  when 
^  small  plane  object  of  g^iven  area  is  freely  and  perpendicularly  exposed  to  a  luminary  at  different  distances, 
^He  quantity  of  light  it  receives,  or  the  degree  of  its  illumination,  is  inversely  as  the  squares  of  its  distance 
^^om  the  hjminary,  cf^ierin  panhm. 

If  a  single  candle  be  placed  before  a  system  of  Iioles  in  a  screen,  as  before,  and  the  rays  received  on  a 

u'^^*  ^reen  at  a  g-iven  distance,  (IJ  the  degjee  of  illumination  may  be  represented  by  a  given  quantity,  L     Now 

«»iu,  *f  a  second  candle  be  placed  immediately  behind  the  other,  and  close  to  it,  so  as  to  shine  throug-h  the  same 

jfi,  hojes^  the  illumination  of   the  screen  is  perceived  to  be  increased*  thoufjh  the  number  and  size  of  the  illu- 

'Binated  points  on  it  be  the  same.     Each  point  in  then  naid  to  be    more    intensely  illuminated.     Now,  (the 

^ye  being"  all  along'  supposed  so  distant,  and  the  illuminated  points  so  email  as  to  produce  only  a  |jfenerul 

9ense  of  brig^btness,  without  distinguishing^  the  individual  points,)  if  the  one  candle  be  shifted  a  lillle  sideways, 

>*7'lhout  altering  its  distance,  the  illumination  of  the  paj)er  will  not  be  altered.      In  this  ease  the   number  of 

^lum inated  points  is  doubled,  but  each  is  illuminated  with  only  half  the  light  it  had  before.     The  same  holds 

^or    any  mmibcr  of  candles.     Hence  we  conclude  that  the  iUumination    of    a  surface    is    constant  when  the 

K  pLM.wT\\yeT  of  rays  it  receives  is  inversely  as  the  intensity  of  each,  and  that  consequently  the  degree  of  illamination 

B's    Ji^roporlional  to  the  number  and  intensity  of  the  rays  jointly. 

V      ^^J'ow  if  for  any  number  of  candles  placed  side  by  side  we  substitute  mere  physical  luminous  points,  each 

^pf    Chc.se  will  be  the  vertex  of  a  pyramid  of  rays,  and  the  number  of  equally  illuminated  points  in  the  paper, 

'  ttfid      therefore  illuminations  will  be  proportional  to  the  number  of  such  points.     If  we  conceive  the  number 

^^    t^hese  increased,  and  their  size  diminis!ied  ad  irifinihtm^  so  as  to  form  a  continuous  luminous  surface,  their 

nui-n"t>er  will  be  represented  by  its  area.     Hence  the  illumination  of  the  paper  will  be,  cmlem  faribusy  as  the 

BM^^^m,     of  the  ilfuminating  surface,  (supposed  of  uniform  brightness.) 

^IJ^^iiting  all  these  circumstances,  we  see  that  when  a  given  object  is  enlightened  by  a  luminous  surface  of 
^^^^ 21.11  but  sensible  size,  the  degree  of  its  illumination  is  proportional  to  the 
K  area  of  the  luminous  surface  X  intensity  of  its  illuminating  power 
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square  of  the  distance  of  the  surface  illuminated. 


'A' lie  toregoing  reasoning  applies  only  to  the  case  when  the  luminous  disc  is  a  small  portion  of  a  spherical 

I-  Si^T^Fsa^e  concentric  with  the  illuminated  object,  in  which  case  all  Its  points  are  equidistant  from  it,  and  all  the 

u   li^lit:  falls  perpendicularly  on  the  object.     When  the  object  is  exposed  obliquely,  conceive  its  suiface  dividtd 

ittto     equal  iutinitely  small  portions,  and  regard  each  of  them    as  the  base  of   an  oblique  p)rami<l,   having  its 

"^"^^^c^x  at  any  one  point  of  the  luminary  ;     then  will  the  perpendicular  section   of   this  pyramid  at  the  same 

^ist^i^nce  be  equal  to  the  base  x  sine  of   inclination  of  the  base  to  tlie   axis,  or  the  element  of  the  illuminated 

svir^Eice  X  by  the  sine  of  the  inclination  of  the  ray.     But  the  number  of  rays  which  falls  on  the  base  is  evidently 

^H»-tcil  to  those  which  fall  on  the  section,  and  being  spread  over  a  larger  area  their  effect  will  be  to  illuminate  it 

less   intensely  in  the  proportion  of  the  area  of  the  section  to  that  of  the  base,  L  e,  in  the  proportion  of  the  sine  of 

inclination  to  radius.     But  the   illumination  of  the  section  is  equal   to  the 

area  of  the  luminary^x  jntrinsic  brightness 

(distance) «  ~^     ^ 

vi^T^efore  that  of  the  elementary  surface  equals  this  fraction  multiplied  by  the  sine  of  the  rays*  inclination ; 
^^■^     calling  A   the   area   of  the   luminary,    I    its   intrinsic    brightness,  D  its  distance,  and  0  the  inclination 

^^   the  ray  to  the  illuminated  surface   — —^ will  represent  the  intensity  of  illumination 

^  Tf  L  represent  the  absolute  quantity  of  light  emitted  by  the  luminary  in  a  given  dirfclion^  which  may  be  called 
^^  ahiolutt  lights  we  have  L  :^  A  x  I,  provided  the  surface  of  the  luminary  be  perpendicular  to  the  given 
"^^t-ection.     If  not,  A  must  represent  the  area  of  the  section  of  a  cylindroidal  surface  bounded  by  the  outline  of 

^le  luminary,  and  having  its  axis  parallel  to  the  given  direction ;   consequently 

the  intensity  of  illumination  of  the  elementary  surface. 
To  illustrate  the  application  of  these  principles  we  will  resolve  the  following 


D» 


represents  in  this  case 


Problem. 

A  small  white  surface  is  laid  horizontally  on  a  table,  and  illuminated  by  a  candle  placed  at  a  given  (hori- 
gontal)  distance :  What  ought  to  be  the  height  of  the  tlame,  so  as  to  give  the  greatest  possible  Ulumination  to  the 
surface  ? 

Let  A  be  the  surface^  B  C  the  candle. 


Put  A  B  =  a  .  A  C  =  D  ;    BC-  ^/Di^a^. 
CB 


Then,  since  the 


.      ,        ^^.         ,    .         ,,  sin  CAB  CB  -/D*—  a^         ^ 

mation  of  A  is,  ctEttnt  panbtu,  as  — tTTT'.  or  as  «-— —  :=  — -^  ^—  -  (=  F)  we  have  to  make  this 


AC» 


AC^ 


D' 
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ligtit     quantity  a  maximnm ;  consequently  if  F  =  o,  ord .  F  *  =  o,  that  is, 

T 


D  =  a,\/ 


^    and  BC  «:=  VD^-a*  »  — =  =  0.707  x  AB. 
2  ^2 


27.  Definition.  The  i^^oreTU  superficial  magnitudey  or  the  apparent  magnitude  of  any  object,  is  a  portion  of  m 
Appareot  spherical  surface  described  about  the  eye  as  a  centre,  with  a  radius  equal  to  1,  and  bounded  by  an  outline 
nagnitude  beings  the  intersection  of  this  spherical  surfieu^  with  a  conoidal  surfoce,  having  the  object  for  its  base  and  the 
defined.  ^y^  fy^  j^g  vertex. 

28.  Hence  the  apparent  superficial  magnitude  of  a  small  object  is  directly  as  the  area  of  a  section  (perpendi- 
cular to  the  line  of  sight)  of  this  conoidal  surface,  at  the  place  of  the  object,  and  inversely  as  the  square  ofite 
distance.  If  the  object  be  a  sur&ce  perpendicular  to  the  line  of  sight,  this  ratio  reduces  itself  to  the  una 
of  the  object  divided  by  the  square  of  its  distance. 

29.  DefinUi(m.  The  real  itubrintic  hrightneu  of  a  luminous  object  is  the  intensity  of  the  light  of  each  physical 
Heal  intrin-  point  in  its  surface,  or  the  numerical  measure  of  the  degree  in  which  such  a  point  (of  given  magnitude) 
sic  bright-  would  illuminate  a  given  object  at  a  given  distance,  refeired  to  some  standard  degree  of  illumination  as  a 
nessdefioAd.  ^j^^     \IVhen  we  spesJc  simply  of  intrinsic  brightness,  real  intrinric  brightness  is  meant. 

30.  Cord,  1.  Consequently  the  deg^ree  of  illumination  of  an  object  exposed  perpendicularly  to  a  luminary  is  aa 
the  apparent  magnitude  of  the  luminary  and  its  intrinsic  brightness  jointly. 

31.  Cord.  2.  Conversely,  if  tliese  remain  the  same,  the  degree  of  illumination  remains  the  same.  For  examplep 
the  illuminalion  of  direct  sunshine  is  the  same  as  would  be  produced  by  a  circular  portion  of  the  surnea 
of  the  sun  of  one  inch  in  diameter,  placed  at  about  10  feet  from  the  illuminated  object,  and  the  rest  of  the  siui 
annihilated ;  for  such  a  circular  portion  would  have  the  same  apparent  superficial  magnitude  as  the  sun  ilaelf 
This  wiU  serve  to  g^ve  some  idea  of  the  intense  brightness  of  the  sun's  disc. 

32.  Definition.  The  apparent  intrinsic  brightness  of  any  object,  or  luminary,  is  the  degree  of  illuminatioa  of 
Apparent  its  image  or  picture  at  the  bottom  of  the  eye.  It  is  this  illumination  only  by  which  we  judge  of  brigjitneaa. 
iatrinsic  A  luminary  may  in  reality  be  ever  so  much  brighter  than  another ;  but  if  by  any  cause  the  illumination  of  fta 
bnghtoess.  ijj^^^  jn  the  eye  be  enfisebled,  it  will  appear  ae  brighter  than  in  proportion  to  its  diminished  intensity.     Tbna 

we  can  gaze  steadily  at  the  sun  through  a  dark  glass,  or  the  vapours  of  the  horizon. 

33.  Definition.  The  absolute  light  of  a  luminary  is  the  sum  of  the  areas  of  its  elementary  portions,  each  multi- 
Absolute  pii^  i^y  [Is  Qy/f^  intfinstc  brightness ;  or,  if  every  part  of  the  surface  be  equally  bright,  simply  the  area  mnlli- 
definod        P^^^  ^  ^^  intrinsic  brightness.     It  is,  therefore,  the  same  quantity  as  that  above  represented  by  L. 

34*^  D^niHon.   The  apparent  light  of  an  object  is  the  total  quantity  of  light  which  enters  our  eyes  firom  It, 

Appareot     however  distributed  on  the  retina. 

light  In  common  language,  when  we  speak  of  the  brightness  of  an  object  of  considerable  size,  we  often  mean  fta 

de6ned.       apparent  intrinsic  brightness.     When,  however,  the  object  has  no  sensible  size,  as  a  star,  we  always  mean  ita 

^^*       apparent  lights  (or,  as  it  might  be  termed,  its  apparent  absolute  brightness,)  because,  as  we  cannot  distinguisli 

such  an  object  into  parts,  we  can  only  be  affected  by  its  total  light  indiscriminately.    The  same  holds  good  with 

all  small  olijects  which  lequire  attention  to  distinguish  them  into  parts.     Optical  writers  have  occasionally  faUeB 

into  much  confusion  for  want  of  attending  to  these  distinctions. 

36.  As  we  recede  from  a  luminary,  its  apparent  light  diminishes,  firom  two  causes ;  first,  our  eyes,  being  of  a  giTen 
Dimintttlon  gj^e,  present  a  given  area  to  its  light,  and  therefbce  receive  firom  it  a  quantity  of  light  inversely  as  the  square  of 
Ueh^fT^"'  the  cUstance ;  secondly,  in  passing  through  the  air,  a  portion  of  the  light  is  stopped,  and  lost  from  its  want  af 
distaiK^.      perfect  transparency.    This,  however,  we  will  not  now  consider.     In  virtue  of  the  first  cause  only,  then,  the 

apparent  light  of  a  luminary  is  inversely  as  the  square  of  its  distance,  and  directly  as  its  absolute  light. 

37.  The  apparent  intrinsic  brightness  is  equal  to  the  apparent  light  divided  by  the  area  of  the  picture  on  the  retiiia 
Objects  ap-  of  our  eye.  But  this  area  is  as  the  apparent  superficial  magnitude  of  the  luminary,  that  is,  as  its  real  area  A 
pear  equally  j^ 

bright  at  all  ^iyicied  by  the  square  of  its  distance  D«  or  as  -^^.     Moreover,  the  apparent  light,  as  we  have  just  seen,  is  as 

A  I 

-—-where  I  is  the  real  intri^c  brightness.     Consequently  the  apparent  intrinsic  brightness  is  proportional  to 

AI  A 

-— -  -H  -f^7-9  or  simply  to  I,  and  is  independent  on  A  or  D.    The  apparent  intrinsic  brightness  is,  therdbre, 

the  same  at  all  distances,  and  is  simply  proportional  to  the  real  intrinsic  brightness  of  the  object.  This  con- 
T  ^^  elusion  is  usually  announced  by  optical  writers  by  saying,  that  objeds  appear  equally  bright  at  all  distances, 
MOM  to  be  which  must  be  understood  only  of  of^poreni  intrinsic  brtg/Uness,  and  the  truth  of  which  supposes  also  that  no  loss 
understood,  of  light  takes  place  in  the  media  traversed. 

88.  The  angle  of  emanation  of  a  ray  of  light  firom  a  luminous  surface  is  the  inclination  of  the  ray  to  the  surface  at 

Angle  of     iiie  point  from  which  it  emanates^ 

^"^ll^^i^        A  question  has  been  ag^itated  among  optical  philosophers,  whether  the  intensity  of  the  light  of  luminous  bodies 

^^^       be  the  same  in  all  directions ;  or  whether,  on  the  other  hand,  it  be  not  dependent  on  the  angle  of  emanatkai. 

Euler,  in  his  lUflexionM  swr  les  divers  degris  de  la  hmih^  du  SoUd,  8fc.  Berlin,  M^m.  1750,  p.  280,  has  adopted 
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Ijght.     plane  B,  fig.  9.     Let  P  Q  be  any  such  portion,  and  let  the  pyramid  B  P  be  continued  till  it  meets  the  sur&ce 
^— -^V"^  of  the  heavi^ns  in  p,  there  projecting  the  surface  PQ  into  the  areola  pq,  and  let  the  whole  luminary  CDEF  ^ 
lUuminttioo  \y^  jj^  ijj^g  manner  projected  into  the  disc  c  d  ef.     Let  n-  Q  be  a  section  of  the  pyramid  A  P  Q,  perpendicular 
by  any  "^   to  its  axis.    Then,  first,  the  plane  B  will  be  illuminated  by  the  element  PQ,  just  as  it  would  be  by  a  surface 
luminaiy      ^  Q  equally  bright,  in  virtue  of  the  principle  just  established.     Hence  P  Q  is  equivalent  to  an  equally  bright 
investigatMl.  surface  sr  Q.     Again,  since  the  apparent  magnitude  of  ^  Q  seen  from  B  is  the  same  with  that  of  p  q,  the  area 
^*^*  3'         ^Q  is  equivalent  to  an  equally  bright  area  pq  placed  at  p  q,  (Art.  29,  30,  31,  Cor.  1,  2.)     P  Q  is,  therefore, 
equivalent  U)  pq.    And  since  the  same  holds  good  of  every  other  elementary  portion  of  the  surface,  and  the  total 
light  received  by  B  is  the  sum  of  the  lights  it  receives  fi*om  all  the  elements  of  the   luminary,  the  whole 
surface  C  D  E  F  must  be  equivalent  to  its  projection  c  d  tf, 
^^'  Hence  the  illumination  of  B  depends,  not  at  all  on  the  real,  but  only  on  the  i^pparent  figure  and  magni- 

tude of  the  luminary ;  and  whatever  the  luminary  be,  we  may  always  substitute  for  it  a  portion  of  the  visible 
heavens,  supposed  of  equal  intrinsic  brightness,  and  bounded  by  the  same  outline. 

46.  Thus,  instead  of  the  sun,  we  may  suppose  a  small  circle  equal  in  apparent  diameter  to  the  sun,  and  equally 
bright ;  instead  of  a  luminous  rectangle  perpendicular  to  tiie  illuminated  plane  B,  and  of  infinite  height,  as. 
A  G  H  I,  fig.  3,  we  may  substitute  the  spherical  sector  Z  A  G,  bounded  by  the  two  vertical  circles  Z  A, 
Z  G,  and  so  on. 

47.  Let  then  p  g,  any  elementary  rectangle  infinitely  small  in  both  dimensions  of  the  spherical  surface,  be  repre- 
sented by  (2*  A,  so  that    I  I  d*  A,  shall  represent  the  surface  cdef  itself;   then  if  we  put  2  =  the  zenith 

distance  Z  p  of  this  portion,  its  illuminating  power  on  A  will  be  d*  A .  cos  z,  and  the  total  illuminating  power 
of  the  whole  surface  A  will  be 


=ff 


d*  A  .  cosz. 


48.  Ewgmple  I.  To  find  the  illuminating  power  of  the  sector  ZAG  confined  between  any  two  vertical  circles 

Genend  for-  and  the  horizon,  (fig.  3.)     Here,  putting  0  for  the  azimuth  of  the  element  (2  *  A,  if  we  consider  it  as  terminated 
inuU  for  il-  }^j  two  Contiguous  verticals  and  two  contiguous  parallels  of  altitude,  we  have  d*  Azsdz  x  dO.sin  x,     Henoe 


plane. 


=   1 1  de dz.svax.coB  z  =  i^  I  I  dOdz  .sin2x  =z  i /(^  +  C)dz.sin  2  z; 


and  extending  the   integral  firom  6^o  to  ^  =  AG,  the  amplitude  of  the  sector,  (which  we  will   call  ik) 
we  get 

L  =  -^  Idz,  sin  2  z  =  -^  (C  —  i  cos2 z) 

which  extended  firom  Z  =  o  to  z  =  90°  becomes  simply  L  =z  — . 

49.  Corol.  1. .  This  is  a  measure  of  the  illuminating  power  of  the  sector,  on  the  same  scale  that  that  of  an  infinitely 
small  area  (A)  placed  at  the  zenith  would  be  represented  by  A  itself.     Because  in  this  case 

cos  z=^  0^  and    /  /  d*  A .  cos  z  =  A. 

50.  Corol.  2.  On  the  same  scale  the  illuminating  power  of  the  whole  hemisphere  is  ^  where  ir  =  3.14159535 

51.  Example  2.  Required  the  illuminating  power  of  a  circular  portion  of  the  heavens  whose  centre  is  the  zenith. 
Calling  z  the  zenith  distance  of  any  element,  and  0  its  azimuth,  we  shall  have,  as  before, 

(2*  A  =  d^dz  .  sin  z,  and  therefore  L=//  dOdz.sm  z.co8z=/  0  .  — '— s=  tt  I  d  z  .  sin  2  z 

extending  the  integral  from  ^  =  o  to  ^  =  2  t.    That  is  L  =  ^ .  (const  —  ^  cos  2  z)  which  being  made  to  vanish 

w 
when  x=:o  becomes  L  =  —  (I  —  cos  2  z)  =  «• .  (sin  z)* 

52.  Corol.  3.  The  illuminating  power  of  a  circular  luminary,  whose  centre  is  in  the  zenith,  is  as  the  square  of 
the  sine  of  its  i^parent  semidiameter. 

53.  Example  3.  Required  the  illuminating  power  of  any  circular  portion  of  the  heavens  whatever. 

lUumina-  Let  T  K  L  M  be  the  illuminating  circle ;  conceive  it  composed  of  annuli  concentric  with  itself,  and  of  one  4 

ting  power  ^f  them,  X  Y  Z,  (fig.  4,)  let  X  «  be  an  infinitesimal  parallelog^m  terminated  by  contiguous  radii  S  X  and  J 

^u7^r"  Sx,  S  being  tiie  centre. 

Sinora^  Put  ZS  =  a;  S  X  =  x,  ZX  =  z, 

;q?^"y  Angle  ZSX  =  0,  ST  =  r. 

beaTen.  Area  d^  A  =  Xx,  =  dx  x  d0.  sin  x 

dipdx.sinx ,  cos  z. 


-ff^ 


but,  by  spherical  trigonometry,        cos  z  3  cos  « .  cos  j? .  +  sin  a .  sin  «  cos  0. 
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Light         However,  the  eye,  under  favourable  circumstances,  is  a  tolerably  exact  judge  of  the  equality  of  two  d^gprees     P 
v-^-V^^  of  illumination  seen  at  once ;  and  availing  ourselves  of  this,  we  may  by  proper  management  obtoin  correct  '•^ 

60.  information  as  to  the  relative  intensities  of  all  lights.  What  these  favourable  circumstances  are,  we  come  now 
The  eye       to  consider. 

ctMble  of  jg|  j^Yie  degrees  of  illumination  compared  must  be  of  moderate  intensity.  If  so  bright  as  to  dazzle*  or 
the^utlity  SO  faint  as  to  strain  the  eye,  no  correct  judgment  can  be  formed. 

of  two  de-  Hence,  it  is  rarely  adviseable  to  compare  two  luminaries  directly  with  each  other.  It  is  generally  better  to  lei 
^rees  of  iU  them  shine  on  a  smooth  white  surface,  and  judge  of  the  degree  in  which  they  illuminate  it ;  for  it  is  an  obvious 
*""|'n*<io"»  axiom.  That  two  luminaries  are  equal  in  absolute  light  when,  being  placed  at  equal  distances  from^  and  insimUmr 
what  dr!'  situations  with  respect  to^  a  given  smooth  white  surface,  or  two  etpial  and  precisely  similar  white  surfaces^  tkty 
cumstances.  illuminate  it  or  them  equally. 

Axiom  in  2nd.  The  luminaries,  or  illuminated  surfaces  compared,  must  be  of  equal  apparent  magnitude,  and  similar 
photometry,  figure,  and  of  such  small  dimensions  as  to  allow  of  the  illumination  in  every  part  of  each  being  regarded  as 

^^'       the  same. 

64.  3rd.  They  must  be  brought  close  together,  in  apparent  contact ;  the  boundary  of  one  cutting  upon  that  of  the 
other  by  a  well-defined  straight  line. 

65.  4th.  They  should  be  viewed  at  once  by  the  same  eye,  and  not  one  by  one  eye,  and  the  other  by  the  other. 
M,  5th.    All  other  light  but  that  of  the  two  objects  whose  illumination  is  compared  should  be  most  carefully 

excluded. 

67.  6th.  The  lighU  which  illuminate  both  surfaces  must  be  of  the  same  colour.  Between  very  differently 
coloured  illuminations  no  exact  equalization  can  ever  be  obtained,  and  in  proportion  as  they  difier  our  jiidgmeat 
is  uncertain. 

68.  When  all  these  conditions  obtain,  we  can  pronounce  very  certainly  on  the  equality  or  inequality  of  two  iIIop 
minations.  When  the  limit  between  them  cannot  be  perceived,  on  passing  the  eye  backwards  and  forwards 
across  it,  we  may  be  sure  that  their  lights  are  equal. 

59,  Bougruer,  in  his  TraU4  d'Optique,  1760,  p.  35,  has  applied  these  principles  to  the  measure   or  rather  iSbm 

Botiguer's  comparison  of  different  degrees  of  illumination.  Two  surfaces  of  white  paper,  of  exactly  equal  size  and  i^ 
principle  of  flective  power,  (cut  from  the  same  piece  in  contact,)  are  illuminated,  the  one  by  the  light  whose  illuminatiiig 
comparative  power  is  to  be  measured,  the  other  by  a  light  whose  intensity  can  be  varied  at  pleasure  by  an  increase  of 
photometry,  ^jgtance,  and  can  therefore  be  exactly  estimated.     The  variable  light  is  to  be  removed,  or  approached,  till  the 

two  surfaces  are  judged  to  be  equally  bright,  when,  the  distances  of  the  luminaries  being  measured,  or  otherwiie 

allowed  for,  the  measure  required  is  ascertained. 

70.  Mr.  Ritchie  has  lately  made  a  very  elegant  and  simple  application  of  this  principle.  His  photometer  conslits 
Ritchie's  of  a  rectangular  box,  about  an  inch  and  a  half  or  two  inches  square,  open  at  both  ends,  of  which  A  B  C  D 
photometer:  (fig  5^  jg  ^  section.     It  is  blackened  within,  to  absorb  extraneous  light.     Within,  inclined  at  angles  of  45^  to 

its  axis,  are  placed  two  rectangular  pieces  of  plane  looking-glass  F  C,  F  D,  cut  from  one  and  the  same  redOm^ 
gular  sirip^  of  twice  the  length  of  either,  to  ensure  the  exact  equality  of  their  reflecting  powers,  and  fastened 
so  as  to  meet  at  F,  in  the  middle  of  a  narrow  slit  EFG  about  an  inch  long,  and  an  eighth  of  an  inch  broad* 
which  is  covered  with  a  slip  of  fine  tissue  or  oiled  paper.  The  rectangular  slit  should  have  a  slip  of  blackened 
card  at  F,  to  prevent  the  lights  reflected  firom  the  looking-glasses  mingling  with  each  other. 

71.  Suppose  we  would  compare  the  illuminating  powers  of  two  sources  of  light  (two  flames,  for  instance)  P  andQ. 
its  use.   .     They  must  be  placed  at  such  a  distance  from  each  other,  and  from  the  instrument  between  them,  that  the  light 

from  every  part  of  each  shall  fall  on  the  reflector  next  it,  and  be  reflected  to  the  corresponding  portion  of  the 
paper  E  F  or  F  6.  The  instrument  is  then  to  be  moved  nearer  to  the  one  or  the  other,  till  the  paper  on  either 
side  of  the  division  F  appears  equally  illuminated.  To  judge  of  this,  it  should  be  viewed  through  a  prismoidal 
box  blackened  within,  one  end  resting  on  the  upper  part  A  B  of  the  photometer ;  the  other  applied  quite  dose 
to  the  eye.  When  the  lights  are  thus  exactly  equalized,  it  is  clear  that  the  total  illuminating  powers  of  the 
luminaries  are  directly  as  the  squares  of  tlieir  distances  fhim  the  middle  of  the  instrument. 

72.  By  means  of  this  instrument  we  are  flimished  with  an  easy  experimental  proof  of  the  decrease  of  light  as  tha 
Experimen-  inverse  squares  of  the  distances.  For  if  we  place  four  candles  at  P,  and  one  at  Q,  (as  nearly  equal  as  possible^ 
ul  proof  of  {^ijj  burning  with  equal  flames,)  it  is  found  that  the  portions  E  F,  G  F  of  the  paper  will  be  equally  illuoiinated 
tio*n  oHight  ^^^^  ^^^  distances  PF,  Q  F  are  as  2  :  1,  and  so  for  any  number  of  candles  at  each  side. 

as  the  1*0  render  the  comparison  of  the  lights  more  exact,  the  equalization  of  the  lights  should  be  perfbrmed 

squires  of  several  times,  turning  the  instrument  end  for  end  each  time.  The  mean  of  the  sevenil  determinations  will  then 
ihedisunces  be  very  near  the  truth. 

'  ^*  In  some  cases  the  looking-glasses  are  better  dispensed  with,  and  a  slip  of  paper  pasted  over  them,  so  as  to 

'^^'  present  two  oblique  surfaces  of  white  paper  inclined  at  equal  angles  to  the  incident  light.  In  this  case  the 
construe-  P^P^^'  stretched  over  the  slit  E  F  G  is  taken  away,  and  the  white  surfaces  below  examined  and  compared*  One 
tioQ,  advantage  of  this  disposition  is  the  avoiding  of  a  black  interval  between  the  two  halves  of  the  slit,  which  renden 

the  exact  comparison  of  their  illuminations  somewhat  precarious. 

75.  If  the  lights  compared  be  of  different  colours  (as  daylight,  or  moonlight,  and  candlelight,)  their  preeise 

Comparison  equalization  is  impracticable,  (art.  67.)     The  best  way  of  employing  the  instrument,  in  this  case,  is  to  move 

of  lights  of  it  till  one  of  the  sides  of  the  slit  (in  spite  of  the  difference  of  colours)  is  judged  to  be  decidedly  the  brighter, 

^^^^       and  then  to  move  it  the  other  way,  till  the  other  becomes  decidedly  the  brighter.     The  position  halfway  between 

these  points  is  to  be  taken  as  the  true  point  of  equal  illumination. 

75.  If  we  would  compare  the  degrees  of  illumination,  or  the  intrinsic  brightnesses  of  two  surfaces,  a  given  portion 

of  each  must  be  insulated  for  examination ;  this  may  be  best  done  by  the  adaptation  of  two  blackened  tubca  to 
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the  opening's  of  the  photometer,  of  equal  len*rth,  ami  ttrminated  by  orifices  of  equal  area,  or  subtending'  eqyal 
W  aiigfles  at  the  middle  of  the  instrument.     These,  of  course,  cut  off'  equal   apparent  magnitudes  of  the  bright  ' 
^  suH^es,  the  lig-ht  of  which  is  then  to  be  equalized  on  the  oiled  papers  of  the  slit  E  F,  as  in  the  case  of 
candles,  &c.   Botigiier,  Traits,  p.  3L 

Another  method  of  com  pari  npf  the  intensity  of  the  li^ht  from   two  luminaries,  which  is  also  very  ready  and 
coDvenient,  and  possesses  in  some  cases  considerable  advantages,  has  been  proposed  by  Count  Rumford»    (See 
Phii.  Traiw,,  vol.  84,  p.  67.)      it   consists   in   the  equalization  of  the  shadows  cast  by  them  on  a  white  surface 
illuminated  by  them  both  at  once.     Suppose,  for  instance,  we  would  compare  the  illuminating'  power  of  two 
Barnes  L  and  I  of  different  sizes,  or  from  different  combustibles^  as  of  wax  and  tallow.     Before  a  screen  C  D  of 
white  paper,  in  a  darkened  room,  place  a  blackened  cylindrical  stick  S,  and  let  the  Hames  L  /  be  so  placed  as 
to  throw  the  shadows  A  B  of  the  stick  on  the  screen,  side  by  side,  and  with  an   interval   between  them  about 
i^qual  in  breadth  to  either  shadow.     Moreover  the  inclination  of  the  rays  L  S  A  and  /  S  B  to  the  surface  of  the 
screen  must  be  adjusted   to  exact  equality.     The  brig-hter  flame  must  then  be  removed,  or  the  feebler  brought 
_     ftcarer  to  the  screen,  till  the  two  shadows  appear  of  equal  intensity,  when  their  distances  (or  the  distance  of  the 
^Htareen)  from  the  lights  must  be  measured,  and  their  total  ilhiminating  powers  will  be  in  the  direct  ratio  of  the 
^^flqimres  of  the  distances.     The  rationale  of  this  is  obvious,  the  shadow  thrown  by  each  ffame  is   ilJuminated  by 
the  light  of  the  other.     The  screen  by  the  v<ium  of  the  lights.     The  eye  in  this  case  judges  of  the  degrees  of  defal- 
cetion  of  brightness  fi-om  this  sum;  and  if  these  degrees  be  alike,  it  is  clear  that  the  remaining  illuminations  must 
be  equal. 

This  method  becomes  uncertain  when  the  lights  are  of  considerable  size  and  near  the  screen,  as  the  pennm- 
brsB  of  the  shadows  prevent  any  fair  comparison  of  the  relative  intensities  of  their  central  portions.  It  is  still 
more  so,  and  can  hardly  be  used  when  the  lights  differ  considerably  in  colour.  Its  convenience,  however,  as  an 
extemporaneous  method,  requiring  no  apparatus  but  what  is  always  at  hand,  (as  the  use  of  a  blackened  stick, 
though  preferable,  is  not  essentia!,)  renders  it  often  usefiil  in  the  absence  of  more  refined  means. 

It  may  happen  that  the  lights  to  be  compared  are  not  movable,  or  not  conveniently  so.     In  this  case  the 

equalization  of  the  shadows  may  be  performed  by  inclining  the  screen  at  different   angles  to  the  directions  in 

*  which  it  receives  the  light  of  each,  and  noting  the  angles  of  inclination  of  the  rays.     In  this  case  the  illumi- 

nallBg  powers  of  the  luminaries  are  as  the  squares  of  their  distances  directly,  and  the  sines  of  the  respective 

aoglM  of  inclination  of  their  rays  to  the  screen  inversely. 

When  a  ray  of  light  proceeds  in  empty  space,  or  in  a  perfectly  homogeneous  medium,  its  course,  as  we  have 
Men,  is  rectilinear,  and  its  velocity  uniform  ;    but  when  it  encounters  an  obstacle,  or  a   different  medium,  it 
t  OJjdergoes  changes  or  modifications  w^hich  may  be  stated  as  follows: 

It  is  separated  into  several  parts,  which  pursue  different  courses,  or  are  otherwise  diflferenlly  modiffed.  One  of 
U&efM*  parts  is  re^larly  reflected^  and  pursues,  afler  reflexion^ a  course  wholly  exterior  to  the  new  medium,  or  obstacle. 
A  second  and  a  third  portion  are  regidariy  refracted^  that  is,  they  enter  the  medium,  and  there  pursue 
their  course  according  to  the  tuws  of  refraction.  In  many  media  these  portions  follow  the  same  course 
.  precisely*  and  perhaps  are  no  v/ay  distinguishable  from  each  other.  In  such  media  (comprehending  most 
ancryslallized  subslances  and  liquids)  the  refraction  is  said  to  be  »ingle  In  numerous  others  (for  instance 
tn  most  crystallized  media)  they  foltow  ditferent  courses,  and  also  retain  different  physical  characters.  In 
these  the  relrection  is  said  to  be  double, 

K  fourth  portion  is  scattered  in  all  directions,  one  part  l)eing  mtromrtted  into  the  medium,  and  distributed 
oircr  the  hemisphere  interior  to  it,  while  the  other  is  in  like  manner  scattered  over  the  exterior  hemi- 
sphere. These  two  portions  are  those  which  render  visible  the  surfaces  of  bodies  to  eyes  situated  any  how 
^i\\  respect  to  them,  and  are  therefore  of  the  utmost  importance  to  vision. 

Of  those  jKJrtions  which  enter  the  medium,  a  part  more  or  less  considerable  is  absorbed,  stifled,  or  lost, 
'without  any  further  change  of  direction ;  and  that  not  at  once,  but  progressively,  as  they  penetrate  deeper 
*nd  deeper  into  its  substance.  In  perfectly  opaque  media,  such  as  the  metals,  this  abmrpUmi  is  totals  and 
^kes  plocc  within  a  space  less  than  we  can  appreciate ;  yet  even  here  we  have  good  reasons  for  believing 
*^«w  If  does  not  take  place  per  Maltum.  In  crystallized  bodies,  those  at  least  which  are  coloured,  this  absorp- 
^  **«  takes  place  differently  on  the  two  portions  into  which  the  regularly  refracted  ray  is  divided,  according 
tJ^^^  to  be  explained  when  we  come  to  treat  of  the  absorption  of  light 

*^^   regularly  refracted  portions  of  a  ray  of  white  or   solar    light  are  (except  in    peculiar  circumstances) 
^^'■^tetl  into  a  multitude  of  rays  of  different   colours,  and  otherwise  differing  in  their   physical  properties. 


tch 


ft) 


^n   of  i^hich  rays  pursues  its  course  afterwards,  independently  of  all  the  rest,  according  to  the  laws  of  re- 
^^   Refraction  or   reflexion.      The  laws  of  this  separation,  or  dispersion,  of  the  coloured   rays,  and  their 
^^'^l  and  sensible  properties,  form  the  subject  of  (Chromatics. 

j\v    those    portions  which  are   either    regularly  reflected,  or    regularly  refracted,  undergo,  more  or  less,  a 

J^*^cmion    termed  polarization,  in  virtue  of  which  they  present,   on  their   encountering  another  medium, 

^*^^nt  phenomena  of  reflexion  and  refraction  fi-om  those  presented  by  unpolarized  light*     Generally  speaking, 

jateri,^^   light  obeys  the  same  laws  of  reflexion   and   refraction  as  unpolarizedy  as  to  the    directions  which 

*«^  ^everal  portions,  into  which  it  is  divided  on  encountering  a  new  medium,  take ;  but  differs  from  it  in  the 

fW^Ve  intensities  of  those  portions,  which  vary  according  to  the  situation  in  which  the  surface  of  the  medium 

^no  Certain  imaginary  lines,  or  axes  within  it,  are  presented  to  the  polarized  ray. 

^e  rays  of  light  under  certain  circumstances  exercise  a  mutual  influence  on  each  other,  increasing',  dimi- 
l^shiu^^  or  modifying  each  other's  effects  according  to  peculiar  laws.  This  mutual  influence  is  called  the 
ifUnffrenc^  of  the  rays  of  light.  We  shall  proceed  to  treat  of  these  several  modiiicatioas  in  order;  and  first 
of  the  re^lar  reflexion  of  light* 
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§  3*  Of  the  re^ar  Reflexion  of  unpolarized  Light  froTfi  Plane  Surfaces. 

When  a  ray  of  lipfhl  is  incifleixi  on  a  smooth-polished  surface,  a  portion  of  it  is  regularly  reflected, 
pursues  its  course  after   reflexion  in  a    riglit  line  wholly  exterior  to  the  reflecting  medium.      The  direciio*  ^ 
and  intensity  of  this  portion  are  the  objects  of  inquiry  in  tljia  section;  the  physical  properties  acquired  l^^ 
the  ray  in  the  act  of  reflexion  beingr  reserved  for  examination  at  a  more  advanced  period.     And  first,  wis 
regard  to  the  direction  of  the  reflected  ray.     This  is  determined  by  the  following  laws; 

Lams  of  Reflrjtion. 

Law  I.  When  the  reflecting' surface  i*3  a  plane.     At  the  point  on  wliich  the  ray  is  incident  raise  a  perpend icul 
The  reflected  ray  wiJl  He  in  the  same  plane  with  this  perpendicular,  and  with  the  incident  ray.     It  will      | 
on  I  he  opposite  side  of  the  perpendicular,  ajid  will  make  an  angle  with  it  equal  to  that  made  by  the     i_ 
cidenl  ray. 

The  plane  in  which  tlie  perpendicnlar  to  any  surface  at  the  point  of  incidence,  and  the  incident  ray,  \m>^ 
lie,  IS  called  tlie  p/ane  of  iiieidruce. 

The  ang;le  included   between  the  incident  ray  and   the  perpendicular  is  called  the  angle  of  incidence. 

The  plane  in  which  the  reflected  ray  and  perpendicular  both  lie  is  called  the  plane  of  rejiexion ;  and  i 
angle  included  between  the  perpendicular  and  reflected  ray  is,  in  like  manner,  termed  the  cmgU  oft 
flexion. 

Adopting  these  definitions,  the  law  of  reflexion  from  a  plane  surface  may  be  announced  by  saying, 
the  plane  of  reflexion  is  the  fiame  with  that  of  incidence,  and  the  angle  of  reflexion  equal  to  that  of  lucid 
but  situated  on  the  contrary  side  of  the  perpendicular, 

Corol.  The  incident  and  reflected  rays  are  equally  inclined  to  the  surface  at  the  point  of  incidence.  ^ 

Law  2,  WTien  the  surface  is  a  cnrved  one,  the  course  of  a  ray  reflected  from  any  point  is  the  same  as  \0 
it  were  reflected  at  the  same  point  from  a  plane,  a  tangent  to  the  curse  surface  at  that  point  ;    i.  e,   if  ^ 
perpendicular  be  raised  to  the  curve  surface  at  the  point  of  incidence,  the  reflected  ray  will  lie  in  the  plaap^^^ 
of  incidence,  and  the  angle  of  reflexion  will  equal  that  of  incidence. 

The  demonstration  of  these  laws  is  a  matter  of  experiment.  If  we  admit  a  small  sunbeam  through  £ 
hole  in  the  shutter  of  a  darkened  chamber,  and  receive  it  on  a  polished  surface  of  glass,  or  metal,  we  ma -^a 
easily  with  proper  inslrumenU  measure  the  inclinations  of  the  incident  and  reflected  rays  to  the  surfac^^ 
which  will  he  fonnd  equal.  But  this  method  is  rude  and  coarse.  A  much  more  delicate  verification  of  tbr^^ 
law  is  afforded  by  astronomical  observations.  It  is  the  practice  of  astronomers  to  observe  the  altitudes  i^ 
the  stars  aliove  the  horizon  by  direct  vision  ;  and,  at  the  same  instant,  the  apparent  depression  below  if 
horizon  of  their  images  reflected  at  the  surface  of  Mercury,  (which  is  necessarily  exactly  horizontal,)  and 
depression  so  observed  is  always  found  precisely  equal  to  the  altitude,  whatever  the  latter  may  be,  whether  \ 
or  smalb  Now  as  these  ol)servations,  when  made  with  large  instrnments,  are  susceptible  of  almost  road^^ 
matical   accuracy,  we  may  regard  the  law  of  reflexion,  ort  plane  surfaces,  as  the  best  establi.shed  in  nature. 

Reflexion   at  a  curved  surface  may  be  considered  as  taking  place  at  that    inlinitely  small  portion  of  l^^w 
surface  which  is  common  to  it,  and  to  its  tangent  plane  at  the  point  of  incidence ;   mi  that  if  a  perpendicu.-^^ 

to  the  surface  be  erected  at  tlie  point  of  incidence,  the  incident  and  reflected  rays  will  make  equal  angles  witJ rd 

on  opposite  sides. 

Propoution.  To  find  the  direction  of  a  ray  of  light  after  reflexion  at  any  number  of  plane  surfaces,  givei"     ^ 
position, 

Comlmction.  Since  the  direetion  of  the  ray  after  reflexion  is  the  same  whether  it  be  reflected  at  the  gi —  — ' 
surfaces,  or  at  surfaces  parallel  to  thetn,  cimceive  surfaces  parallel  to  the  given  ones  to  pass  through  -^ 
point  C,  (fig.  9,)  and  from  C  draw  the  straight  lines  C  P,  V  P\  CV^\  &c.  respectively  perpendicular  to  iMr:^m 
respective  surfaces,  and  lying  wholly  exterior  to  the  reflecting  media.  Draw  S  C  parallel  to  tlie  ray  w^3j 
incident  on  the  first  surface*  and  in  the  plane  S  C  F,  and  on  the  opposite  side  of  C  P,  from  the  incident  ray  ^S 
make  the  angle  P  C /=  PCS,  then  will  C/  be  the  direction  of  the  ray  afl.er  reflexion  at  the  first  surCa^^ 
Prolong  /C  to  S',  then  S'C  will  represent  the  ray  at  the  moment  of  its  incidence  on  the  second  surface,  w^-^ 
normal  is  C  P'-  Again,  make  the  angle  P'C/'  in  the  plane  S' C  P\  but  on  the  other  side  of  C  P,  equal 
the  angle  S'C  P',  then  will  CV  represent  the  ray  at  the  moment  of  its  reflexion  from  the  second  surface,  ai^=^-^ 
producing  s^'  C  to  S'\  S"  C  will  represent  it  at  the  moment  of  its  incidence  on  the  third  surface,  whose  jionr^^'^ 
is  CF'.  Similarly  in  the  plane  S'^C  P'';  but  on  the  other  side  of  CP"make  the  angle  F''C»'''=  F'CS  ^ 
and  Cn'^  will  be  the  direction  of  the  ray  at  the  moment  of  its  quitting  the  third  surface,  and  so  on. 

Analynis,    About   C  as    a    centre  conceive   a   spherical    surface   described,   (fig.    10,)    then    will   the   placr  -^ 
PSf  intersect  it  in  a  great  circle  PS  S'p,  and  the  plane  in  which  CP,  C  F  lie,  or  the  plane  at  right  anglet^ 
to  tlie  two  first  reflecting  planes  in  another  great  circle  P  F  o,  and  the  planes  S'  C  /^  and  S  C  »^'  in  other  gitaC 
circles  S'F/'and  ^  k  f/\ 

Since  C  P  and  C  P'  are  given  directions,  the  angle  P  C  P',  or  the  arc  P  P'  (which  is  equal  to  the  indinetim 
of  the  two  ftrd  mrfacen  to  each  other)  is  given.  Call  this  I.  A^r*dn,  since  the  direction  S  C  of  the  incident 
ray  is  given,  the  an^le  of  incidence,  or  the  Jirst  surface  P  C  S  (=  «)  and  the  angle  S  P  P*,  or  Me  indincUion  of 
the  plane  of  the  firtt  reflection  to  the  plane  P  P^  perpendicular  to  both  mrfaces  (=  ^)  are  given.     Hence  in 
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*^      tft«   sphericd  triangle  PFS'  we  have  PF  =  I ;  PS'  =  180**  —  « ;  and  the  angle  FP  S'  =  y/t ;  consequently      Part  I. 
"^^  8^  T^9  and  therefore  2  S'F  =  SV  and  the  angle  S  S'  F  are  known,  as  also  the  angle  PFS',  and  therefore 

its    smxpplement  P  F/',  which  is  the  angle  made  by  the  second  reflexion  with  the  plane  PF.     Again,  in  the 

aptx^ncal  triangle  SSV  we  have  given  SS'=  ISO®  —  2a;  SV:=2S'F  and  the  included  angle  SSV, 

wha^xmce  the  third  side  S  tf'  may  be  found,  which  is  the  angle  between  the  incident  and  twice  reflected  rays. 
^lEKiilariy,  if  a  third  reflexion  be  supposed,  we  have  given  F  S''=  180°  —  S'F;  yV^'=:  l\  and  the  angle 

S''  X*' P"=S'FF'=PFF'-PFS^i^ence  we  may  compute  S^'F' and  proceed  as  before,  and  so  on  to 

any    intent 

C3onfining  ourselves  however  to  the  case  of  two  reflexions  we  have,  by  spherical  trigonometry,  putting  FS'  = 

J  =s      the  angle  of  incidence  on. the  second  reflecting  surface,  PS'  F  =  ^;    PFS'  =  0,  and  180^—  Sa''  =  D, 

ih^     ^Memation  of  the  ray  after  the  second  reflexion^  the  following  equations : 


—  cos  of  ^  cos  a  .  cos  I  ~  sin  a  .  Sin  I .  cos  yfr 


General 
equadoDs 


,  sin  I  I  of  reflexion 

sm  0  =  — : — 7".  sin  -^  I  at  two 

«in«'  I  (A)  plaoe.. 

sin  0  =  — : — r .  sm  V' 
sm  of 

cos  D  =  cos  2  a .  cos  2  a^  —  sin  2  a  .  sin  2  a' .  cos  0^ 

M?"^sr€>m  these  equations,  any  three  of  the  seven  quantities  a,  a\  I,  0,  0,  y^,  D  being  given,  the  other  four  may       joo. 
b«    ^OTmd.     It  will  be  observed,  that  0  is  the  angle  between  the  plane  of  the  second  reflexion  and  the  principal  Values  of 
*cc££^^^n  of  the  two  reflecting  planes,  and  0  the  angle  between  the  planes  of  the  first  and  second  reflexion.     If  0  the  symbols. 
AX^cl     M)  only  be  sought,  0  must  be  regarded  as  merely  an  auxiliary  angle ;    but  this  may  not  be  the  case,  and 
<*f>^csga.  may  occur  in  which  0  alone  may  be  sought,  or  in  which  it  enters  as  a  given  quantity,  &c.      In  short, 
^^      ^x>regoing  equations  contain  in  themselves  sdl  the  conditions  which  can  arise  in  any  proposed  case  of  two 
r«=0^:auons. 

^^^-^oro/.   If  y^  =  o,  or  if  the  incident  ray  coincide  with  the  principal  section  PC  P,  i,  e,  if  the  two  reflexions       loi. 
^^^^^^   take  place  in  the  plane  perpendicular  to  the  reflecting  surfaces,  these  formuls  take  a  very  simple  form, 
"^■^      ^^re  then  have 

^  =  0,-  0  =:  180°;  cos  o'  =  —  cos  (o  +  1) 

!^^-^    is  (a  +  aO  =  180^-1 ;  and  consequently  cos  (2  a  +  2  a')  =  cos  (360«  -  2  I)  =  cos  2 1,  or  2  a  +  2  a'  =  2 1. 
^^^"^   since  ^  =  o,  we  have  by  the  last  of  the  equations  (A)  cos  D  =  cos  2  (o  -|-  a')  ;  consequently  D  =  2  a  -j-  2  o' 
^^'      2^  I.     That  is  to  say,  the  deviation  in  this  case,  after  two  reflexions,  is  equal  to  twice  the  inclination  of  the  ^      ^, 
^^** ^acting  planes,  whatever  be  the  original  direction  of  the  ray.     This  elegant  property  is  the  foundation  of  the  j^jij  reflex- 
^P^^:%mon  sextant  and  of  the  reflecting  circle,  and  is  commonly  regarded  as  having  been  first  applied  to  the  ioos  are  in 
^^^^i^surement  of  angles  by  Hadley,  though  Newton  appears  also  to  have  proposed  it  for  the  same  object,  one  plane. 

^'^^  the  explanation  of  these  instruments. 
^«     ^nDther  cased,  however,  D,  the  deviation,  is  essentially  a  fimction  of  the  angles  expressing  the  position  of      ]02. 
^^    incident  ray,  and  can  only  be  obtained  flrom  the  equations  above  stated. 

^hroposiUon.  Given  the  angles  of  incidence  on  the  two  planes,  and  the  angle  made  by  the  plane  of  the  first       108. 
^«xion  with  that  of  the  second ;  required  the  positions  of  the  incident  and  twice  reflected  rays,  the  deviation 
^^     the  ray  after  both  reflexions,  and  the  angle  included  between  the  reflecting  surfaces, 
detaining  the  same  notation,  we  have  g^ven,  a,  of  0,  required  I,  D,  and  0,  Y^. 
^st,  D  is  given  at  once,  by  Uie  last  of  the  general  equations,  (A.) 
9ndly,  To  find  the  rest,  put  «v  =  sin  I ;   ^  =  sin  ^ ;  and  a  =  sin  a^ .  sin  ^ ;  put  also  cos  a  ^=.c;  sin  a  =  « ; 

dt  ^i  d  I  sin  a'  =:  ^.     We  have  then  xy  =:  a^  or  y  =i ;  and  the  first  of  the  equations  (A)  then  gives 

X 


-.c'=cVl  —  ar«  —  *  'v/jji  —  a« 

^^^liich,  cleared  of  radicals  and  reduced,  gives 

o  =  jr*+  j«{2</»(c«      ««)-2c«-2*«a»}  +  (o^*  -  c*)*  +  2a«**(c'«+  c^) -h  a^  9* 

^•^d  this  equation,  which,  though  biquadratic,  is  of  a  quadratic  form,  contams  the  general  solution  of  the 

Carol.  I.  If  0SS  90^  or  if  the  planes  of  the  first  and  second  reflexions  be  at  right  angles  to  each  oth«r,      |q4^ 
^^  have  simply  sin  I  .  sin  Y^  =  sin  a',        and  a  =  sin  a'  =  /.  ilii*plane4 " 


In  this  case  our  final  equation  becomes  JiL    •  *'"* 

0  =  J?*  -  2  a?*  (1  —  c*  </«)  +  (I  —  c«  c'«)«  are  at  right 

ingles. 
^fUdi,  being  a  complete  square,  gives  a?'  =  1  —  c*  c'«. 

MTow  X  =  sin  I,  therefore  x*  =  1  ^  cos  I^,  consequently  we  have  the  following  ample  remiR, 

cos  I  (=  C  (f)ss  cos  a  .  008  «^ 
▼0&.  IV.  S  A 
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Light      Or  the  cosine  of  the  inclination  of  the  planes  to  eadi  other  is  equal  to  the  product  of  the  cosines  of  th^ 
_       ._^  angles  of  incidence  on  each.     And,  vice  vend,  if  this  relation  holds  good,  the  planes  of  the  two  reflexi6ns  wHl  ^ 
necessarily  be  at  right  angles  to  each  other ;  for,  this  relation  being  supposed,  we  have  of  course  «•  =  1  —  c^  (b^, 
and  therdbre  1  —  c*  c^'  being  put  for  x'  in  the  general  equation,  the  whole  must  vanish ;  now  this  substitiMiii 
gives  a  biquadratic  of,  a  quadratic  form  for  determining  a,  which  must  evidently  be  satisfied  by  taking 

a  s=  sin  oi'y  and  consequently  0  =  90^. 

This  elegant  property  will  be  useful  when  we  come  to  treat  of  the  polarization  of  light. 

105.  Corol.  2.  In  the  same  case  if  ^  =  90,  the  deviation  D  is  given  by  the  equation 

cos  D  =  cos  2  a  .  cos  2  c/, 

or,  the  cosine  of  the  deviation  is  equal  to  the  product  of  the   cosines  of  the  doubles  of  the  angles   of 
incidence. 

106.  Problem.  A  ray  of  light  is  reflected  from  each  of  two  planes  in  such  a  manner  that  all  the  angles  of  inci- 
dence and  reflexion  are  equal.  Given  the  inclination  of  the  planes,  and  the  angles  of  incidence ;  required, 
first,  the  deviation ;  secondly,  the  inclination  of  the  planes  of  the  first  and  second  reflexion  to  each  other,  and 
the  angles  made  by  each  of  these  planes  with  the  principal  section  of  the  reflecting  planes. 

Preserving  the  same  notation  we  have  a  =  a\  and  therefore  by  the  third  of  the  equations  (A)  ^  =  0,  so 
that  these  equations  become 

cos  o  (1  +  cos  I)  =  sin  a  .  sin  I .  cos  ^1 

sin  a  .  sin  ^  =  sin  I .  sin  yr  y         (^j 

cos  D  =  (cos  2  o)«  —  (sin  2  a)* .  cos  0 


107.  The  first  of  these  gives  (putting  for  1  +  cos  I  its  value  2  (cos  —  j    and  for  sin  I  its  equal  2  .  sin  —  .  cos  —j 


cos  yfr  =  cotan  o  .  cotan  — ,  (6) 

2 

whence  "^  is  immediately  known.     Hence  y/r  is  had  by  the  equation 

.    ^         sin  I       .     ,  ,  ^ 

sm  0  =  — : .  sm  yjr,  (c) 


Lastly,  if  we  subtract  each  member  of  the  third  of  the  equations  (a)  from  I,  divide  both  sides  by  2,  and 

#lii^»A    uro  H*nnfffnrm  it  inti)  the  followillfif 


reduce,  we  transform  it  into  the  following 

D  0 

sin  —  =  sin  2  a  .  cos   — .  (rf) 

These  equations  afibrd  ready  and  direct  means  of  computing  ^,  0,  and  D  in  succession,  fit>m  the  known 
values  of  a  and  I ;  the  fonnulsB  are  adapted  to  logarithmic  evaluation,  and  are  in  themselves  not  ineleganL 

§  rV.    Of  Reflexum  fnm  Curved  Surfaces, 

108  ^^  reflexion  of   a  ray  fixim  a  curved  surface  is  performed  as  if  it  took  place  at   a  reflecting  plane,  a 

tangent  to  the  point  of  incidence.  The  reflect^  ray  will  therefore  lie  in  the  plane  which  contains  the 
incident  ray  and  the  normal  or  perpendicular  at  the  point  of  incidence.  The  general  expressions  for  the 
course  of  tiiie  ray  afler  reflexion  at  surfaces  of  double  curvature  being  considerably  complex,  and  not  likely 
to  be  of  great  service  to  us  in  the  sequel,  we  shall  confine  ourselves  to  the  particular  case  of  a  surface  <^ 
revolution  (comprehending  the  cases  of  a  plane,  and  conoidal  surfaces  of  all  kinds)  where  the  plane  of 
incidence  is  supposed  to  pass  through  the  axis  of  revolution. 
109.  Proposition,  A  ray  being  incident  on  any  surface  of  revolution  in  a  plane  passing  through  the  axis,  to  find 

Gcnenil  in-  the  direction  of  the  reflected  ray. 

\estigatioii        Q  p  (f\g.  1 1)  being  a  section  of  the  surface  by  the  plane  of  incidence,  QN  the  axis,  QP  the  incident,  and 

of  dM course  p^.  ^j^^  reflected  ray,  which  produced  if  necessary  cuts  the  axis  in  q.      Draw  the  tangent  PT,  the  ordhiaie 

gj^ii!^^'   P  M,  and  the  normal  P  N,  which  produce  to  O,  and  put  as  follows, 

•ay  cnnre.  . 

**•"•  x  =  QM;  y=MP;  jp=  4^;  ^=  the  angle  MQP, 

ax 

or  the  angle  made  by  the  incident  ray  with  the  axis ;  then,  since  the  angle  of  reflexion  is  equal  to  that  of  inci- 
dence, we  have  Z  rPO  =  OPQ,  and  therefore  N P ^  =  O P Q ;  consequently  QPT  =  TPg.  Now,  Qo  = 
QM-Mg=QM-PM.tanMP9  ^ 


Ik 
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=s  X  —  y  •  tan  {TPM  — TPg} 
=  X  -  y  .tan  {TPM-TPQ} 
sx-y.tan  {TPM-PTM  -hPQM} 
=  x  -y  .  tan  {90°  -  2PTM  +PQM} 

But  by  the  theory  of  curves  we  have  tan  PTM  =  -~-  =  p,  consequently  PTM  =  arc  tan  /i  s  tan  "  >  />, 

denoting  by  tan"'  ^  the  inverse  function  of  that  expressed  by  tan;  and  since  P  Q  M  =  ^,  this  expression  becomes 
Q  g  =  ar  —  y  .  cotan  {  2  .  tan "" » |>  —  ^  } 

=  a:-y  .cotan{2  •  ^^  "*  (^-7^)  ■"^*^~*  C~)  ^^^ 

(^Because  tan  d  =  -^^  =  — ") 
V  QM         X  / 

Tlua  ttien  is  the  general  expression  for  the  distance  between  the  points  in  which  the  incident  and  reflected  rays 
cut  tlie  axis. 
Xo^iv,  by  Trigonometry,  we  have  (A  and  B  being  any  two  quantities) 

{2  A  1 

tan-*  -  tan-i  B  > 

/2A-(1-A»)B\ 

V(i-a»)  +  2ab; 


Part  L 


=  cotan  .  tan ' 


that  is,  since  cotan  .  tan""^  ^  =  —  ,  the  cotangent  and  tangent  being  reciprocals  of  each  other,  simply 

I  -  A«  +  2AB 


2A-  (1-A«)  B 

d  y  y 

Applying  this  to  the  present  case,  A  =  -^  =  p ;  B  =  — ,  and  therefore  the  expression  above  found  for  Q  9 

hecomes 


dx 


Qq  =  jr-y. 


(1  ^pg)  j?.f  2py 


_2     (j?  +  yy)  ip^-y) 

2par-(l-i?«)y 


(h) 


l^cae   eicpressions  contain  the  whole  theory  of  the  foci  and  aberrations  of  reflecting  surfaces. 
^^'^''o^.  1.  To  find  the  angle  made  by  the  reflected  ray  with  the  axis,  which  we  wUl  call  ^. 
^*^s  is  the  angle  P  9  M,  which  is  the  complement  of  M  P  9.    Now  we  have  found  above 

MPg=:90^-2tan-ijp  +  ^. 


Hence 


Cb»x^2. 


^=2.tan-i  p-'O 
But  tan  ^  =  -^ ,  so  that  substituting  we  have 

^  (l-/>*)x  +  2i?y    * 


General  ex- 
presaions 
for  the 
distance  of 
the  fociis 
from  the 
radiant 
point  Q  q. 
110. 
Angle  made 
by  the  re- 
flected ray 
and  the  azii. 


Agj=tf'=:a  +  2 


2pa:-(l-li«): 


(c) 


(d) 


111. 


^  aU  the  foregoing  formula  we  have  supposed  the  origin  of  the  x  placed  at  Q  the  radiant  point  If  we  112. 
^^^'^Ad  plaoe  it  daewhere,  as  at  A,  we  have  only  to  write  «v  •—  a  for  x  throughout  The  formulae  then  become  Formuha 
^  *ii  hypoUiesis, 


{ 


tan^  = 
tan^=: 
AQ  =  a;Q9  = 


i 


_    y 

2p(*-a)-(l-p«)y 


W 


(l-i»')('-a)+2Fy 
(j-g  +  py)(p»-ya-y) 
2p(*-a)-(l-|»»)y 


when  the  rA« 
diant  point 
is  not  HI  the 
origis  of  the 
oooidinales. 


^^-^ tp^^(ll^p^)y^2pa         ^ 


w 


3  a2 
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light 


118. 

Fonnuls 
when  the  io" 
cident  raye 
are  parallel 
;o  the  axis. 


If  the  incident  ray  be  parallel  to  the  axis,  we  have  only  to  suppose  the  point  Q  infinitely  distant;  or  pladng, 
as  in  the  last  article,  the  origin  of  the  x  at  a  point  A  at  a  finite  distance,  to  make  a  (s  A  Q)  infinite.     Tbe  ^ 

above  expressions  then  g^ve  Q  9  rs  co 


114. 


115. 
Fig.  11. 


tan  ^=4^ 


Aq     =  X  — y. 


1  -  p^ 
2p 


(0 


Propontion.  To  represent  the  incident  and  reflected  rays  by  their  equations. 

The  equation  of  any  straight  line  is  necessarily  of  the  form  Y  =  aX  +  p.  Suppose  we  take  A  for  the 
common  origin  of  the  coordinates,  and,  retaining  the  foregoing  notation,  representing  by  x  and  y  the  coor- 
dinates of  the  point  P  in  the  curve,  let  X  and  Y  represent  those  of  any  point  in  the  incident  ray ;  and,  Q 
being  the  point  in  which  that  ray  cuts  the  axis,  and  A  Q  =  a,  it  is  evident,  first,  thai  when  X  =  a,  T  =  o  ; 
and  secondly,  since  the  ray  passes  through  P,  when  X  =  <r,  Y  =  y .     Hence  we  have 


whence  we  get 


0  =  a  a  -h  /3, 


and        y  =  a  jf  +  /3, 


X  —  a 
therefore,  the  equation  of  the  incident  ray  is 


P=- 


(1) 


X  "  a 


(X--a);       (2) 


or,  which  is  the  same  in  a  different  form. 


Y-y=  -i^-  (X-x);       (3) 


or,  smce 


tan  ^  == 


X  —  a 
PM 


MQ 

Y=:  (X-a).tan^;         (4) 
or,  again,  Y  —  y  =  (X  —  x)  .  tan  6.         (5) 

Similarly  for  the  reflected  ray,  it  is  obvious  that  if  we  represent  its  equation  by  Y  =  a^  X  +  p\  we  shall  haTe 


.'=  -IL 


and  consequently 


X  —  tf 


/3'  =  - 


o'y 


(6) 


Y=   (— ^).(X~cO  =  (X-a').taiiO'; 


(7) 


Y-y=   -iL^  .  (X-*)  =  (X-x).taiiO';      (8) 
X  —  a 

will  be  the  corresponding  forms  of  tbe  equation  of  the  reflected  ray,  in  which  of  and  tan  ^  are  given  in  terms 


of  X,  y,  0,  and  p 


dx 


'  by  the  equations  (g)  and  (A)  or  (t). 


Focus. 
Focal 
iiitaiictt. 
V^titez. 
116. 

117. 

Investiga- 
tion of  the 
curves 
which  re- 
flect all  the 
incident 
rayt  to  one 
pcrint. 


If  the  whole  figure  (^g,  11)  be  turned  about  the  axis  A  M,  and  Q  be  supposed  a  radiant  point,  the  rays  in  the 
whole  conical  surface  generated  by  the  revolution  of  Q  P  will  be  concentred  after  reflexion  in  one  and  tl;e 
same  point  g,  which  will  thus  become  infinitely  more  illuminated  than  by  any  single  ray  fit)m  an  elementar}[^ 
molecule  of  the  surface.     The  point  P  will  generate  an  annulus,  having  M  P  for  its  radius  ;  and  g  is  called  th^i 
focui  of  this  annulus,  and  the  distance  A  q  the  focal  dUdance  of  the  same  annulus.     This  last  expression  iat  ^ 
commonly  understood  to  me.an  the  distance  of  q  from  the  vertex^  or  point  where  the  curve  meets  the  axis^^ 
but  we  shall  use  it  at  pre3ent  in  the  more  general  sense. 

Generally  speaking,  then,  the  focus  varies  as  the  point  P  in  the  reflecting  annulus  varies,  unless  in  tha 

particular  case    where,  by  the  nature  of  the  curve,  the  function  expressing  S  is  constant.     Let  us  examin* 
this  case. 

Proposition.  To  find  the  curve  which  will  have  the  same  focus  for  every  point  in  its  surface  of  revoluUcn,  or 
on  which  rays  diverging  from  or  converging  to  any  point  Q,  being  incident,  shall  all  afler  reflexion  converge 
to  or  diverge  from  one  point  q. 

The  value  of  Q  g  assigned  in  Art.  109,  E  g,  (6)  being  made  constant,  afibrds  the  equation 


(x  4-  y  y)  (p  X  -  y)      ^ 
2  j?x—  (I  —  D«)  V 


=  constant  =  c. 
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V^        Tilis  equation,  cleared  of  fractions,  and  putting  xforx  —  c,  (which  is  merely  shifliug  the  origin  of  the  co*     pwt  /. 
I^V^^  ordinates  to  the  distance  c  from  their  former  origin)  becomes  ^_^     ^_^ 

j  />{x«-y«-^c*}=:  (l-/i*)a?y.       (a) 

I  To  integrate  this  equation,  assume  a  new  variable  z,  such  that  py  z^  xz,  and  (multiplying  the  original  equation 

I  ^y  y)  we  have  py  (x«  -  y«  — c«)  =  xy«  —  x .  i?«  yS 

I  that  is  X2  (x*  — y«  — c*)  =^y*— ^' «S 

whence  we  find  y«  =    — -^ =  x«  z  —  c«  . . 

^  1+2  1+2 

Differentiating  this  equation  we  get 

iiydy(=z2pydx^  zxzdx  because  p  =    "^j 

tiiat  is  x«  d  2  —  c«  d  .  -— ; —  =  o, 

1+2 

{..-^^-}dz  =  o.       (6) 
TKis  equation  may  obviously  be  satisfied  in  two  ways ;  the  first  is,  by  putting  the  factor 

^^liich    gives  (restoring  the  value  of  2,  2  =  )  merely  x  +  py  :s:c;  and,  eliminating  p  between  this  and 

^ne  original  equation  (a)  we  find,  on  reduction, 

y«  +  (X  -  c)«  =  0. 

*^»    is,  however,  (as  is  clear  from  the  way  in  which  it  has  been  obtained,)  only  a  singidar  toiuiion  of  the    . 
^J|°fe>^iitial  equation,  (see  Differential  Calculus,  tingular  solutions })    and  as  the  value  of  y  which  results 
""^^^J    ^^  ^s  always  imaginary,  it  affords  no  curve  satisfying  the  conditions  of  the  problem. 

"^e  other  way  in  which  the  equation  (6)  can  be  satisfied,  is  by  putting  dz^o,  or  2  =  constant.     Let  Th« ^^'^ '« 

in  all  ewes 
thi«  P  y  *  conic 

^■*    constant  be  represented  by  —  A ;  then,  since  2  =  -^--^— ,  we  have  section. 

X 

py  _  ydy  ^  _^^ 

X  xd  X 

^Mcb,  integrated,  gives  y«  =  A  (a«  -  x«), 

oeing  another  constant.     This  is  the  general  equation  to  the  conic   sections,  and  it  is  obvious,  from  the 
^^^perties  of  these  curves,  that  they  satisfy  the  conditions ;  because  two  lines  drawn  from  their  foci  to  any 
v^tit  in  their  periphery  make  equal  angles  with  the  tangent  at  that  point,  and,  consequently,  a  ray  proceeding 
^^^  or  converging  to,  one  focus,  and  reflected  at  the  curve,  must  necessarily  take  a  direction  to  or  fit)m 
^J^l^  other.     But,  the  foregoing  analysis  being  direct,  shows  that  they  possess  this  property  in  common  with 
'*M^  odier  curves. 
^Thus  in  the  case  of  the  ellipse,  all  rays,  (fig.  12,  )   S  P,  SP',  &c.  diverging  fit)m  the  focus   S  will  after      ng. 
^^exion  converge  to  the  other  focus  H,  the  interior  surface  of  the  ellipse  l^ing  polished ;  and  all  rays  Q  P,  Ellipse. 
^P,  Ac  converging  to  S,  will  after  reflexion  diverge  from  H.  1^«-  ^2. 

Id  the  hyperbola,  (fig.  IS,)  rays  QP,  Q^P,  &c.  converging  to  one  focus  S,  and  incident  on  the  polished  Fig.  13. 
^nvex  surface  of  the  curve,  will  after  reflexion  converge  to  the  other  focus  H ;  and  if  diverging  firom  S,  1 19. 
tnd  reflected  on  the  polished  concave  surface  P  P',  will  after  reflexion  diverge  from  H.  Hyperbola. 

In  the  case  of  the  parabola,  rays  parallel  to  the  axis,  incident  on  the  interior  or  concave  surface,  will  all  be  120. 
leflected  to  the  focus  S,  fig.  14 ;  and  if  reflected  at  the  exterior  or  convex  siirfitces,  will  all  after  reflexion  diverge  PwaboU. 
from  S.  F'g-  14. 

Rays  converging  to,  or  diverging  from,  the  centre  of  a  sphere  will  all  after  reflexion  diverge  fiK>in,  or  -  i^^i. 
converge  io,  the  same  centre.  Circle. 

Let  us  now  apply  our  general  formula  {h)  (Art.  109)  to  some  particular  cases. 


d68  LIGHT. 

Light.         Pmpnniion.  Let  the  reflecting  mirfiice  be  a  plane,  or  the  cunre  P  C  a  straight  line.    Required  the  fociia  of 

reflected  rays.  ^ 

dy 
Here  we  have  x  =  constant  =i  a  p=i  —z —  =  » ,  and  the  general  formula  becomes  simply 

CI  X 

Q9  =  a'  = 2L_  =  2  j:  =  2a. 

y 

So  that  the  focus  of  reflected  rays  is  a  point  on  the  opposite  side  of  the  reflecting  plane  equally  distant  fit>in 
it  with  the  radiant  point ;  and  as  this  is  independent  of  ,v>  or  of  ttie  situation  of  the  point  P,  we  see  that  alt 
the  rays  afler  reflexion  diverge  from  this  point,  see  fig.  15. 

123.  Proposition,  To  find  the  focus  of  any  annulus  of  a  spherical  reflector. 

Focus  of  a       Let  r  be  the  radius  of  the  sphere,  and,  if  we  fix  the  origin  of  the  coordinates  at  the  radiant  point,  the 
spherical      equation  of  the  generating  circle  will  be 

This,  difierentiated,  gives  (x  ^  a)  d  x  +  y  dy  =  o, 

d  y  X  —  a  2y*  —  r** 

consequently  p  =  — ;; —   = ;    1  —  »*  = . 

^        ^  ^       dx  y  y^ 

Hence,  substituting  in  the  general  expression  (6),  we  find  for  the  focal  distance  the  following  value, 

2a{r»  +  a(.-a)} 
^  ^  r^  -f  2  a  (X  -  a)       '  ^  ' 

which  expresses  in  all  cases  the  distance  of  the  focus  of  reflected  rays  from  the  radiant  point. 

For  optical  purposes,  however,  it  is  more  convenient  to  know  its  distance  from  the  centre,  or  from  the 
surface. 

The  distance  lirom  the  centre  (E^,  fig.  16,)  is 

=  Qg-QE=      ^ax  +  r-^2a^      "  ^' 

in  which  positive  values  of  E  ^  lie  to  the  right  of  E,  or  the  same  way  with  those  of  j?  or  of  Q  q. 
Focos  for         Corol,  1    If  we  would  find  the  focus  of  the  infinitely  small  annulus  immediately  adjoining  to  the  t>erte»  C, 
central  rays  or  C^  of  the  reflecting  spherical  surface,  or,  as  it  is  termed  in  Optics,  the  focus  of  central  rays,  we  must  |»at 
in  a  sphe-    in  the  case  of  the  vertex  C  (when  the  reflexion  takes  place  on  a  concave  surface)  x  =  a  -^  r,  and  in  the  other 
?^*!^"       case,  viz.  that  where  the  rays  are  reflected  on  the  convex  surface  C,  j:  =  a  —  r.     The  former  gives 

za  -t  r  A  a  '\-  r 

the  latter  gives  the  same  results,  writing  only  —  r  for  r. 

124.  If  we  bisect  the  radii  C  E  and  C  E  in  F  and  F',  and  suppose  q  and  5'  to  be  the  foci  of  central  rays  reflected 

r  a                \  2  / 
at  C  and  at  C,  we  shall  have  F  9  =  i  »*  —  s — i —   =  »       f  <0 

a+    - 

which  gives  the  following  useful  analogy, 

QF  :  PE  :  :  EF  :  F^.  (c) 

Similarly  we  have  Q F  :  F'E  :  :  E  F  :  F'  7 ;  so  that  the  same  analogy  applies  to  both  cases,  and  may  be 
regarded  as  the  fundamental  proposition  in  the  theory  of  the  foci  for  central  rays.  For  it  is  obvious,  that  if  PC 
were  any  other  curve  than  a  circle,  the  same  must  hold  good,  taking  only  £  the  centre  of  curvature  at  the 
vertex. 

125.  CoroL  2.  If  a  be  infinite,  or  the  incident  rays  be  parallel,  we  have  F  ^  =  0,  which  shows  that  the  foetu  of^ 
Principal     central  parallel  rays  bisects  the  radius.    This  focus,  for  distinction's  sake,  is  called  the  principal  focus  of  the 
focus.          reflector. 

126.  Definition.    Q  and  7  are  termed  cor^tigeUe  foci.    It  is  evident  that  if  g  be  made  the  radiant  point,  Q  wfll 
Conjugate    be  its  focus ;  for  the  rays  will  pursue  the  same  course  backwards, 
foci.  CoroL  3.  Regarding  only  central  rays  :    the  conjugate  foci  move  in  opposite  directions,  and  coincide  at  1 

^^'^^      centre  and  surface  of  the  reflector. 

For  let  a  vary  from  a  to  —  co ,  then  Fq  will  vary  as  follows :  first,  while  a  varies  firom  00   to  —  ^P,  g  j 


3«)  LIGHT. 

light 

h^*  Of  Caustics  by  Reflexion^  or  Catacaustice, 

134.  if  rays  of  light  be  incident  on  a  medium  of  any  other  form  than  that  of  a  conic  section,  having  the  ra€iiaiit 

point  in  the  focus,  they  will  after  reflexion  no  longer  converge  to  or  diverge  from  any  one  point,  but  will  be 
dispersed  according  to  a  law  depending  on  the  nature  of  the  reflecting  curve ;  the  inclination  of  each  reflected 
ray  to  the  axis  varying  according  to  the  point  of  the  curve  firom  which  it  is  reflected,  and  not  being  the  same 
for  any  two  consecutive  rays.  Of  course  each  lay  will  intersect  that  immediately  consecutive  to  it  in  some  point 
or  other,  and  the  locus  of  these  points  of  continual  intersection  will  trace  out  a  curve  to  which  the  reflected  r^ys 

Cdiistics  by  will  all  necessarily  be  tangents,  and  which  is  called  a  caustic.     If  these  rays  fall  on  another  reflecting  curve, 

reflexion      they  will  be  again  dispersed,  and  another  caustic  will  originate  in  the  continual  intersections  of  the  consecutivi^ 

defined.        ^^^^  ^^  ^j^^  former,  and  so  on  to  infinity. 

185.  Let  QP,  Q'  P',  {fig,  18,)  be  any  two  contiguous  rays  incident  on  consecutive  points  P,  P'  of  a  reflecting  curve 

Fig.  18.       pp'^  and  after  reflexion  let  them  pursue  the  courses  PR,  P'R';  and  since  they  are  not  necessarily  parallel, 

let  Y  be  their  point  of  intersection,  then  will  Y  be  the  point  in  the  caustic  Y  Y'  Y''  corresponding  to  the 

point  P  in  the  reflecting  curve ;  and  if  we  determine  the  points  Y' Y^',  &c.  fi^m  the  consecutive  points  P'P",  Ac 

in  the  same  manner,  the  locus  of  these,  or  the  curve  Y  Y^  Y^^  will  be  the  whole  caustic. 

136.  Since  the  reflected  ray  passes  through  P,  whose  coordinates  arc  J?y,  its  equation,  as  we  have  already  seen 

Coordinates  (Art.  114),  is  necessarily  of  the  form 

caustic  in-  Y  —  y  =  P  (X  —  o:) 

oranysup.  If  we  regard  j?,  y,  P  as  variable,  this  will  represent  any  one  of  the  reflected  rays  P  R,  and  the  consecutive  raj 

position  of  P^  R'  will  be  represented  by 

teilncl  Y  -  (y  +  dy)  =  (P  +  d  P)  (X  -  (*  +  d*)  ) 

Now  since  the  point  Y  in  which  these  two  rays  intersect  is  common  to  both,  the  coordinates  X  and  Y  at  this 
point  are  the  same  for  both  ;  and  therefore  at  this  point  both  these  equations  coexist,  and  thereby  determine  the 
values  of  X  and  Y,  or  the  situation  of  the  point  Y.  Now  the  latter  of  these  equations  is  nothing  more  than 
the  former  plus  its  differential,  on  the  supposition  of  X  and  Y  remaining  constant.  Therefore,  we  have  to  find 
X  and  Y  from  the  two  equations, 

Y-y  =  P(X-x) 

-dy=(X-j)dP-.Prfjr, 
which  gives  at  once 


X  =  J?  + — —  dx 

dF 

Y  =  y+  P.-^  dx 


(k) 


In  these  equations  we  have  only  to  substitute  for  P  its  value  =  tan  ^,  or      .,    — r^—f \   .  j;  ;  and 

^  ^  (1  — i?*)  (j?-a) +2j?y 

after  executing  all  the  differentiations  indicated,  or  implied,  to  eliminate  a?,  and  y  by  the  equations  of  the  curve 
and  the  other  conditions  to  which  the  quantity  a  may  be  subjected,  an  equation  between  X  and  Y   will 
result  which  will  be  the  equation  of  the  caustic. 
137.  Proposition,    To  determine  the  caustic  when  rays   diverge   from  one  fixed  point  in  the  axis  of  a  govern 

Caustic        reflecting  curve. 

when  rays        j^  thjg  case  a  is  invariable,  and  the  differentiation  of  P  must  be  performed  on  this  hypothesis.     It  will, 
^'fil!^d     "*  therefore,  simpliiy  the  question  if  we  put  a=i  o;  or  suppose  the  origin  of  the  coordinates  in  the  radiant  point. 


point  *^  which  case 


p^    2px-  (l-p«)i 


2py  +  (l-p2)a: 


rfP  n^««^      (l+P^)(y-pj?)  -h29(^"-i-y") 


Where  q  = 


dx  ^    ^r/'  {2|?y  +  (l-p^)a?}« 

dp 


d  X 


(l^p^)(px^y) 
^  2py  +  (l-|?«)x 


(O 


Ki^^  *hich  snbstitated,  we  find 


X  =  2 


LIGHT. 

P  (pj?-y)*  — ?*(**  +  y*) 

(1  +p*)(px-y}-2qix*  +  ]f*) 
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Ptft  I. 


'  -(i+p«)(P*-y)+29(*«+y*)   J 


(m) 


Corot.  I.  If  the  incident  rays  be  parallel,  or  the  radiant  point  at  an  infinite  distance,  we  may  fix  the  origin      188. 
of  the  coordinates  where  we  please ;  and  since  in  this  case  the  equation  of  any  reflected  ray  is,  by  1  IS  equation  Cmitic 
0)  and  114  equation  (8),  p«M«1 


Y-y=(X-x).j 


2p_ 

-P* 


(m,2) 


parallel 
rays. 


for 


ire  have 


P  = 


putting  9  for -^    or-^^. 


lliese  substitutions  made,  we  g^t  the  fi>llowing  values  for  the  coordinates  of  the  caustic. 


X  =  x  +  -|^  (1-p*);  Y  =  y  4 


P« 


(«) 


Cor-ol.  2.  In  the  general  case,  if  we  put  /  =  the  line  P  y,  or  the  distance  between  the  point  in  the  curve      139, 
ud  tile  corresponding  point  in  the  caustic  we  have  DitUnca 


/=  V(X-x)»  +  (Y-y)» 
^ieli.    if  we  write  for  X  —  x  and  T  —  y,  their  values  above  found  become 

/=  -/l+P*.    ^.~^    dx 


between 
correspond- 
ing pointi 
b  cane 
and  caastic 


rfP 


(0) 


(P) 


o***  ^^Tit.ing  for  P  its  value,  and  executing  the  operations, 

-  (y-  px)  (1  -f  pQ  ^x'  -h  y* 

^       {y-p^)(i  +  P^)  +  29(^'  +  yO 

^of-o^.  3.  In  the  case  of  parallel  rays,  when 

2p    .    dP   _    gyO  +  p*)  .p     „_   PQ+P*)    .  vrTp5-JL±£l 


140. 


P  = 


l-P 


•     » 


rfP 

(2  or 


we  htive 


f  _  pg  +  p*)      („. 
f jj^ — .      (9) 


•iJr^'^'  4.  Call  e  the  chord  of  the  circle  of  curvature  passing  through  the  origin  of  the  coordinates,  or  through      141. 
"^  I'a^ant  point :  then,  by  the  theory  of  curves, 

^^    g(pj?-y)(i  ^pO 


^(,s^_ye)^    2(px^y)(14-p')^x«  +  y' 

c 


«>  that 

*^d  Bubstitating  this  for  q  (j?*  +  y'),  in  the  general  expression  for  /,  we  eliminate  9,  and  get 

r  c 


4  A^x«  -h  y«  -  c 


4  r  —  c 


WttQg 

Hence  we  have 


r  —  J  c 


f-l"- 


(r) 


which  gives 

Hence  the  following  general  property.    (Smith's  Optia,  ed.  1788,  p.  160.)  142. 

Q  and  q  being  two  conjugate  foci  of  an  elementary  pencil  of  rays  reflected  at  any  curve  surface  at  P,  fig.  19.  Fig.  19. 

Let  VPW  be  the  circle  of  curvature;    (if  the  curve  be  a  cirde,  this  wiU  be  the  curve  itself.)     Iiet  the  chords 

VOL.  IV.  •  ~ 


8b 
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Light     P  V,  P Win  the  direction  of  the  incident  and  reflected  rays  be  divided  in  F,  /,  so  that  PF  and P/ shall  each 
>^y^»'^  be  one  quarter  of  the  whole  chords,  and  the  relation  between  Q  and  q  will  be  expressed  by  the  proportion 
General 

relation  QP  •  FP  :  :  P/  :  fq.  {») 

between 

copja«.t«  ^_,   ^    „....._  V-p     ^__^_^._.     dX     _,    ,      dM 

points  or 
foci  of  re- 


Corol.  5.  Putting  ■    .  _^    <f  x  ==  M,  we  have  -3 =  1  + 


rf  P  dx  rfx 


a  X  d  X  \  d  X    / 


incident  on  

any  curve.  d  X 

143. 


d  Y 
Hence  it  follows  that  P  = 


dX 


P  therefore  is  to  the  caustic,  for  the  coordinates  X,  Y,  what  p  is  to  the  reflecting  curve  for  the  corresponding 

point  whose  coordinates  are  x^  y, 
144.  CoroL  6.  If  we  put  S  for  the  length  of  the  caustic 

Lenffth  of  . 

the  caustic                                                  =  the  arc  AHKY,  wehaverfS  =3  -/rfX'  +  rfY^ 
investigated.  

or  dS^dXWl  -f  P«=  {dxJfdlA)  ^\  -h  P' 

PdP 


dx.  Vi  4.p«  +  <i/-M. 


Vl  +P' 


PdP 


because  rf/=  rf  .  M  .  Vl  +  P'+M. : ;  butMdP=  (P-p)djp 

^1  -h  P' 

80  that  we  have  dS  =  rf/-|-dx{  ^\  -h  P* ^— ^^ —  1 

•^  ^  ^/l  +  P*  J 

1  +P/> 


=^df'\'  dx 


v^l  +P« 


2  ©J?  —  (1  -"  P*)  y 

that  is,  substituting  for  P  its  value  --■^- ji ~: — , 

^  2py  +  (l-p»)jr 

•^  ^lx«+y- 


and  integrating  S  =  constant  +  /  +  '^J?*  +  y*. 

Caustics      Hence  it  follows,  that  the  caustic  is  always  a  rectifiable  curve,  and  its 
always  rec- 
tifiable. Length  AKy  =  QP-|-Py  +  constant  \                     .        .        ^. 

T»  .  *            *  ,.  i.        Z«       -^t,  .               .  \  consequently,  subtracting 

But  Arc       A  KF  =  Q C  +  CP  +  constant  J           **        •''               "» 

Arc        Fy       =  (QC -f  CF)-(QP  +  PY). 

Hence  it  appears,  that  the  caustic  is  necessarily  a  rectifiable  cur^'e  when   the  reflecting  curve  is   not   itself 
transcendental. 
145.  If  the  rays  PR,  FR',  P''  R'/,  &c.  after  reflexion  at  the  curve  PP'P''  fall  on  another  reflector  RR'R''  and 

Fig.  20,  are  reflected  in  the  directions  R  S,  R'  S',  R''  S",  &c.  (fig.  20)  their  continual  intersections  will  form  another 
caustic  Z  2f  2J\  and  so  on  ad  infinitum^  which  may  be  determined  by  a  similar  analysis.  In  like  manner, 
whatever  be  the  law  according  to  which  the  rays  Q  P,  Q'  P',  &c.  are  dispersed,  we  may  conceive  each  to  be  a 
tangent  to  a  curve  which  may  be  regarded  as  the  caustic  of  another  reflecting  curve,  and  so  on.  Let  V  VV 
be  this  curve.  Since  PVQ  is  a  tangent  to  it,  if  this  curve  and  the  curve  PP'P"  be  given,  the  point  Q  in 
the  axis  from  which  the  incident  ray  QP  may  be  regarded  as  radiating,  is  determined  in  terms  of  the  co- 
Y^^       ordinates  of  P,  and   therefore  the  quantity  a  may  l^  eliminated  altogether.     The  manner  of  doing  this  is 

General*      shown  in  the  following 

relation  be-      Proposition.  To  determine  the  relations  between  any  two  consecutive,  or,  as  they  may  be  termed,  conjugate 

tween  two   caustics  V V'V",  YY'Y^  and  the  intermediate  reflecting  curve  PP'P''. 

conjugate         Le^  V  and  Y  be,  as  before,  any  two  conjugate  points  in  the  caustics,  P  the  reflecting  point ;  then  if  we  put 

*"**  **>«'.  ,  f  and  17  for  the  coordinates  of  V 

mteimediate  ^  ' 

'*fl*c*»"K  X  and  y  for  those  of  P 

curve  td^Fet-  ^ 

«»^-  XandY  of  Y 


LIGHT. 

r**^      Since  the  line  P  V  Q  is  a  tangent  to  the  first  curve  at  V,  we  must  evidently  have 

and  tli»s»  combined  with  the  equation  between  ij  and  f,  which  represents  the  curve  V  V  V  suffices  to  determine 
7  and  £  ii^  terms  of  j?,  y,  or  vice  versd^  x  and  y  in  terms  of  f  and  7. 
^^^ain,  we  have  also  by  Art.  1 14,  equation  (2) 

and  coKisequently 


X'^a=zy . ;   a  =  — . 

Thus  €^   is  g^ven  in  terms  either  of  x,  y,  or  of  1;,  f,  whichever  we  may  prefer.     It  only  remains  to  substitute  this 
in  the  ^value  of  P. 

which  t.lius  becomes 

-      (l-.pt)(x-f)   +2p{y-ry)     '  ^^ 

and  this,  being  firee  of  a,  may  be  substituted  in  the  equations  (A:)  Art.  136,  when  X  and  T  will  be  at  once  ob- 
tained in  terms  of  x,  y,  f,  7,  the  coordinates  of  the  reflecting  curve  and  the  preceding  caustic. 

We  shall  now  proceed  to  illustrate  the  theory  above  delivered  by  an  example  or  two. 

Required  the  caustic  when  the  reflecting  curve  is  a  cycloid,  and  the  incident  rays  are  parallel  to  each  other      147, 
and  to  the  axis  of  the  cycloid.  Caustic  of 


rf  v 

The  equation  of  the  cycloid  is  — -^—  =  p  = 


^—  a  cycloid. 


d  X  a/ 2  — 


X 


taking  unity  for  the  radius  of  the  generating  circle. 
^oxn  this  we  ffet 


6*= 


(2  -  J?)  >/2  J?  —  J?* 

and  therefore  —  =  2  jp  —  j:'  ; 

consequently,  by  the  equations  (it)  of  Art.  136,  we  shall  have 

2  q 


whence 


^^^"^  ^^  have 


Y  =  y  +  p.—  =y  +  «  '^2x- 


dY  .    '■^x 


also 


-  p   +    ^  "  (3-2*)  =  2^/2   X-   jj'rrg'/X 

dx  "^         V'2  -  * 

^^    =2(l-») 


dx 
®«*^  *»nce  X  =  2  »  —  «*,  we  have  1  —  «  =  -v^l  —  X,        and  therefore 

-4^  =  2  VT^X 
a  T 


So  th^t  we  have,  finally.  -^  =  V   i~ 


^ 


^hich  shows  that  the  caustic  is  iUelf  a  cycloid  of  half  the  linear  dimensions  of  the  reflecting  curve.  I«  ij«?y  * 

^^  take  one  other  example,  let  us  suppose  the  reflecting  curve  a  circle,  and  the   radiant  point  infinitely  ^^  ^  Ig 
8iB^^t.    Here  we  haare  (placing  the  origin  of  the  coordinates  in  the  centre) 

8  B  2 


150. 


('/) 
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Caustic  of  a  consequently,  by  the  equations  (k)  of  Art  136 

X  =  *  4" s ^^  7i — i * 

Then  since  (supposing,  for  brevity,  r  =  1,  which  will  not  affect  the  result) 

4Y«=  4-.12««4-  12j:*-.4j. 

Adding,  4  (X'  + ¥•)=  4-3*';  «•  =  4- 0  -  X«  -  Y*) 

o 

So  that  we  get,  finally,  substituting  this  value  of  x*  in  that  of  Y,  and  reducing, 

(4X«+  4Y'-.  l)'=.i27Y*;  (r) 

which  is  the  equation  of  the  caustic. 

This  equation  belongs  to  an  epicycloid  generated  by  the  revolution  of  a  circle  whose  radius  is  ^  that 
reflecting  circle  on  another  concentric  with  the  latter,  and  whose  radius  is  ^  that  of  the  reflecdng 
Fitr  21  ^^'  ^^  represents  the  caustic  in  this  case ;  Q  P  being  the  incident  ray,  and  P  Y  the  reflected.  It  has 
at  F,  which  is  the  principal  focus  of  rays  reflected  at  the  concave  surface  BCD,  and  another  at  P',  w 
that  of  the  rays  reflected  from  the  convex  surface  BAD.  In  the  latter  case,  it  is  not  the  rays  then 
but  their  prolong^ations  backwards  which  touch  the  caustic. 
149.  Corol.   When    y  is  very  small,  or  immediately  adjacent  to  the  cusp  F,  the  form  of  the  caustic  appi 

indefinitely  to  that  of  a  semicubfcal  parabola.    For,  generally. 


X  =  i  Vl-h3Yi-4  Y«. 
and  when  Y  is  very  small,  neglecting  Y*  in  comparison  with  Y 

X  =  i.+  4Y*.„Y.=  (i-)'.(X-i-)'.  („) 

It  is,  as  we  have  seen,  only  in  certain  very  particular  cases,  when  rays  proceeding  from  one  point  and  n 
at  a  curve  proceed  after  reflexion  all  to  or  from  one  point.  In  general  they  are  distributed  in  the  i 
described  in  Art  145, 146,  being  all  tangents  to  the  caustic.  The  density  of  the  rays  therefore  in  any  pmni 
caustic  is  infinitely  greater  than  in  the  space  surrounding  it,  and  in  the  space  between  the  caustic  and 
fleeting  curve  (PC  FY,  fig.  18)  is  greater  than  in  the  space  without  the  caustic  Q  YF.  This  is  obvic 
in  the  latter  space  only  the  incident  rays  occur,  while  in  the  former  are  included  all  the  reflected  rays  i 
as  the  incident  ones. 
1^1  This  may  be  easily  shown  experimentally,  in  a  very  satisfactory  manner  pointed  out  by  Dr.  Brewi 

Fig.  22.*  bending  a  narrow  strip  of  polished  steel  into  any  concave  form,  as  in  fig.  22,  and  placing  it  upright  on 
of  white  paper.  If  in  this  state  it  be  exposed  to  the  rays  of  the  sun,  holding  the  plane  of  the  paper  a 
pass  nearly  but  not  quite  through  the  sun,  the  caustic  will  be  seen  traced  on  Uie  paper,  and  marked  by 
bright  well-defined  line ;  the  part  within  being  brighter  than  that  without,  and  the  light  graduating  awi 
the  caustic  inwards  by  rapid  gradations.  If  the  form  of  the  spring  be  varied,  all  the  varieties  of  cataci 
with  their  singular  points,  cusps,  contrary  flexures,  &c.  will  be  seen  beautifiilly  developed.  The  experin 
at  once  amusing  and  instructive. 

The  bright  line  seen  on  the  surface  of  a  drinking-glass  full  of  milk,  or,  better  still,  of  ink,  standing  in  sui 
is  a  familiar  instance  of  the  caustic  of  a  circle  just  investigated. 

152.  If  the  figure  18  be  turned  round  its  axis,  the  reflecting  curve  will  generate  a  surface  of  revolution*  wi 
supposed  polished  within  or  without,  as  the  case  may  be,  will  become  a  mirror.  The  caustic  will  also  gi 
a  conoidal  surface,  to  which  all  the  rays  reflected  by  the  mirror  will  be  tangents.  No  mirror,  therefore, 
is  not  formed  by  the  revolution  of  a  conic  section  having  the  radiant  point  in  its  focus,  can  converge  : 
reflected  rays  to  one  point  or  foat».  There  will,  however,  always  be  one  point  which  receives  the  reflecte 
in  a  more  dense  state  than  any  other.  This  point  is  the  cusp  F,  as  we  shall  presently  see.  The  devia 
any  reflected  ray  firom  this  point  is  what  is  termed  its  aberration. 

153.  ^®  concentration  and  dispersion  of  rays  by  reflecting  and  refracting  surfaces  forming  the  great  busi] 
practical  optics^  it  will  be  necessary  to  enter  at  large  into  this  subject ;  and,  first,  it  will  be  proper  to  i 
how  fiur  any  given  reflector  will  enable  us  to  concentrate  the  rays  which  fall  on  it.  To  this  end  let  the  fbl 
problem  be  proposed. 

154  Proposition.  A  reflector  of  any  figure,  of  a  given  diameter  or  aperture  A.  B,  being  proposed,  to  find  th< 

of  least  (^erration^  or  the  place  where  a  screen  must  be  placed  to  receive  all  the  rays  reflected  from  the  a 
within  the  least  possible  circular  space  (since  they  cannot  be  all  collected  in  one  point)  and  the  diameter  < 
circle. 
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365 


A  C  ti  (fig^.  23)  being  the  mirror,  Q  the  radiant  point,  G  Kfkg  the  caustic,  fihe  cusp  or  focus  for  central 
rays,  q  the  focus  of  the  extreme  rays  A<7,  B  q,  produce  these  lines  till  they  cut  the  caustic  in  \  y.  It  is  clear, 
then,  since  all  the  rays  reflected  from  the  portion  A  C  B  of  the  reflector  are  tangents  to  points  of  the  caustic 
between  K,/and  ^,/,  that  they  must  all  pass  through  the  line  Yy.    Retaining  the  notation  of  the  foregoing  pro- 

0  Q  O  O 

positions^  (i»  c.  supposing  Q  x  =3  X  ;  Xy  =  Y,)     Let  ua  put  QIi  =  XtLK==Y,  QD  =  x;  DA  =  y;  and  let 

00 

P,  p  represent  the  values  of  P  and  p  corresponding  to  the  points  K  and  A  of  the  caustic  and  reflecting  curves. 

The  ei^uation  of  the  hue  A  K  g  y  will  then  be 


Y^y^P(X-T); 


W 


Y  and  X  being  the  coordinatea  of  any  point  in  it.  But  at  the  point  y,  where  it  cuts  the  other  branch  of  the 
caustic,  these  coordinates  are  common  to  the  straight  line,  and  to  the  caustic.  At  this  point,  therefore,  the  above 
equation,  and  those  expressing  the  nitture  of  the  caustic,  must  subsist  together.  Now  theise  are  the  equations 
{ky  Art.  ISO,  combined  with  the  original  equation  of  the  reflecting  curve.  Eliminating,  then,  jt  and  y»  by  the 
md  of  two  of  them,  and  detennining  the  values  of  X,  Y  from  the  rest,  the  problem  is  resolved. 

Now  the  same  equation  which  gives  the  %alue  of  y,  or  xy,  must  also  give  that  of  LK,  because  K  is  a  point 
in  both  caustic  and  the  line  AKy,  as  well  as  y.  But,  moreover,  since  A  Ky  is  a  tangent,  the  point  R  is  a 
double  point ;  therefore  the  final  equation  in  Y  must  necessarily  have  two  equal  roots,  besides  the  value  of  Y 
sought ;  and  these  being  known,  the  other  may  be  found  from  a  depressed  equation* 

The  method  here  followed  is,  apparenlly,  ditferent  from  that  usually  employed,  which  consists  in  making  (he 
value  of  y  as  determined  by  the  intersection  of  the  extreme  reflected  ray  AKy,  and  any  other  retlected  ray  (from  P) 
a  maximum.  But  the  diflTerence  is  only  apparent,  for  in  the  latter  method  we  have  to  make  Y  as  determined 
hy  the  two  equations  (holding  good  jointly) 

Y  -  3^  =  P  (X  -  x),  and  Y  -  y  =  P  (X  -  J?) 
31  maximum,  or  rf  Y  ^  o.     Now  in  this  case  the  former  equation  gives  dX^o  also ;    and  therefore,  differen- 
tiating the  latter,  we  have  — riy=  (X  —  x)dP  —  Prfi-, 


whence 


dP 


dx 
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and  therefore 


Y  -  1/ 1^  P ,  ^      ^  d  T, 


Now  these  are  nothing  more  tban  the  equations  of  Art,  136,  expressing  the  general  properties  of  the  caustic ; 
80  that  this  consideration  of  the  maximum  only  leads  by  a  more  circuitous  route  to  the  same  equations  as 
the  method  above  stated,  and  is  in  fad  nothing  more  than  a  ditferent  mode  of  expressing  the  caustic. 

Let  us  apply  this    reasoning  to  the  ca*ie  when  the  reflector   is   spherical.      Resuming    the    equations  and 

notation  of  Art.  148,  and  putting  a  for  the  extreme  value  of  y,  or  the  semi-aperhire  of  the  mirror,  and   b  tt>r 

the  corresponding  value  of  x,  that  of  P  will  be 


(t^=)  = 


2  ah 


'2nb 


&^eace  the  equation  (m,  2)  Art.  139,  of  the  extrehie  reflected  ray  becomes 


156. 

Circle  of 
least  ftitcr- 
raiion  in  » 
spheric  A I 


»-=,4^'^-'> 


"thence  we  get 


2X 


=  t( 


I  + 


1  -  2fl« 


0 


Assume  ?,  so  that  Y  =  fl^  z^  2  being  another  unknown  quantity,  then  we  have 

1 


4  X«  = 


1  -  fl^ 


{I  +  (1  -2a^a'z^K 


Substituting  this  for  4  X*,  and  for  Y'  its  value  ff*  s"  in  the  equation  of  the  caustic  (r)  Art.  148,  extracting  the 
cube  root,  and  reducing,  we  get  the  following  equation  for  finding  2, 

a*2"+ (2- 4fl')  z'  +  C3a*-3)  z    +  1  =  0. 

"^Kow  this,  according  to  the  remark  in  Art.  1&5,  must  have  two  equal  roots,  viz*  when  x  =  6,  or  Y  =  rt\ 
that  is,  when  2  ^  L  Hence  this  equation  must  necessarily  be  divisible  by  (2^  1)--  Performing  the  divi- 
iion  we  find  it  is  so,  and  the  quotient  gives 

«*3*  +  2a«2»  +  3a*2'  +  2  1  -t-  1  =  0;  (y) 

for  determining  the  remaining  values  of  2. 


i 
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Li^ht         As  this  investigration  is  rigorous,  nothing  having  been  omitted  or  neglected  as  small,  we   have   here  the 
^— —V^**'  complete  solution  of  the  problem,  whatever  be  the  aperture  of  the  mirror.      If  this  be   supposed  small  ia  v, 

157.      comparison  with  the  radius,  an  approximation  to  the  value  of  2  will  be  had  by  t^e  series  thence  derived. 
Case  when 
tneapenure  j  9,9,  1395         .        „ 

IS  moderate.  9  ^ —  .■   a a*  —  ■    a    —  &C. 

«-         ^  "-      *  —      "*  4096 


and  of  course  since  Y  =  a'  ?', 


1 
2 

9 
32 

.»•«.. 

9 

32 

a»  z\ 

'} 

fc^—  - 

«' 

27 

-  /»» 

a— a  —  &c.  (2) 

8  128  2048    "        ^^  ^  ^ 


158.  The  first  term  of  this  series  is  sufficient  for  most  cases  which  occur  in  practice,  and  g^ves 
Case  where 

tne  aperture  ^3 

is  small  Y  =  —  (o) 

when  com-  8 

pared  to 

radius.         or,  supposing  r  the  radius  of  curvature  of  the  reflector. 


The   lateral   aberration   corresponding  to  the  semi-aperture  a  is,  by  the  equation  (j).  Art.  133,  equal  to 
- — - ;  consequently,  in  the  case  of  small  apertures,  the  radius  of  the  least  circle  of  aberration  is  equ^  to  j^ 

of  the  lateral  aberration  (at  the  focus)  of  the  exterior  annulus. 

3  3 

159  CoroL  The  least  circle  of  aberration  is  nearer  the  mirror  than  its  principal  focus,  by  -7-  f  got  —  the  lon- 

4  4 
3            «* 

gitudinal  aberration  =  — — -  .   . 

|r0  To  complete  the  theory  of  caustics,  it  only  remains  to  examine  the  degree  of  concentration  of  the  reflected 

Density  of  rays  at  any  assigned  point.     To  this  end,  letS(fig.  21)  be  any  point,  and  through  it  let  PSY9  be  drawn 

reflected      touching  the  caustic  in  Y.     Then  S  may  be  regarded  as  lying  in  a  conical  surface  generated  by  the  re^i^ 

rays  at  any  lution  of  the  tangent  P  Y « 9,  about  the  axis ;  and  all  the  rays  in  the  annulus,  generated  by  the  revolution  oif 

{•^"ted  "^^*'  ^®    element  P  P',  will  be   contained   in   the  hollow   conoidal  solid   formed  by  the  revolution  of  the  figim 

ffg.  24.      PP'Y^'g  about  the  same  axis.     Hence  at  S  the  rays  will  be  concentrated:  first,  in  a  plane  parallel  to  that 

of  the  paper,  in  the  ratio  of  P  P'  to  S  S',  or  P  Y  to  S  Y ;  and,  secondly,  in  a  plane  perpendicular  to  that  of 

the  paper,  or  in  the  ratio  of  the  circumferences  of  the  circles  generated  by  the  revolution  of  P  and  of   S, 

that  is,  in  the  ratio  of  these  radii  P  M  :  S  T.     On  both  accounts,  therefore,  jthe  concentration  at  S  will  be 

PM  PY  Pa  PY 

represented  by-  —    x      ^y  ,    or    -— x     gy  »      If,  therefore,  we  represent  by  1  the  density  of  the 

P Y  Po 

rays  immediately  on  their  reflexion  at  P,  their  density  at  S  corresponding,  will  be  represented  by ' — ?, 

8  Y .  S  9 

and  this  is  true,  whatever  be  the  situation  of  S. 

161.  But  there  are  now  several  cases  to  be  distinguished.     First,  when  S  is  situated  in  any  part  of  the  spaces 

1st  case.       K  H  V,  N  D  W,  no  such  tangent  can  be  drawn  to  cut  the  reflector  within  its  aperture  AB  ;  therefore  these 

spaces  receive  no  rays  at  all,  and  the  density  =  o  in  every  point. 

152.  Secondly,  when    S  is  situated   anywhere  within  the  spaces  AGB,   VHFE,    EFDW,   only  one   such 

2n(i  case,     tangent  can  be  drawn  to  cut  the  reflecting  curve  between  A  and  B.     So  that  in  these  spaces  the  density 


PY.P9 

is  simply  represented  by  D  =        „ — ^ — . 


163. 


S9 

^^^  Thirdly,  within  the  spaces  RGH  and  MOD  two  tangents  can  be  drawn  fi-om  any  point  S,  both  toudfimg 

3rd  case.  *^®  branch  ¥  k  on  the  same  side  of  the  axis  as  the  point  S.  If  we  suppose  Pi  Y,  S  q^  and  P,  Y,  S  ^  to  l» 
these  tangents,  S  will  receive  rays  belonging  to  both  these  converging  conoids,  and  the  density  will  therefore 
be  the  sum  of  those  belonging  to  either,  or 

_    PY..P9X      ,      PY.   P9« 

^  ""    SY1.S9,     "^     SY,.S9ii' 
Fig.  25.       See  fig.  25. 

164.  Fourthly  and   lastly,  within  the   space  FHGD  there  maybe  drawn  three  tangents  7,  SY^P,,  7jS  Y»Pg, 

4th  case.      ^„^  ^^  g  y,  P„  all  falling  within  AB,  the  two  first  (fig.  26)  touching  the  branch  PAr  on  tlid  same  side  as  8,  the 
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Light         Let  A  C  B  (fig.  23)  be  the  refracting  surface,  P  C  p  the  perpendicular  to  it  at  the  point  of  incidence  C,  8  C  ^ 
'  the  incident,  and  C  «  the  refracted  ray.     Then  we  shdl  have 

sin  P  C  S  :  sin  p  C  «  :  :  fk  :  1, 

/i  being  a  constant  quantity ;  that  is,  constant  for  the  same  medium  A  B,  though  its  value  is  different  for  different 
media. 

178.  It  is  usual,  for  brevity,  to  speak  of  the  sine  of  incidence,  and  the  sine  of  refraction^  instead  of  the  sines  of  the 
angle  of  incidence,  and  the  angle  of  refraction. 

179.  The  numerical  value  of  the  quantity  ;*,  or  of — - — -, in  any  medium,  must  be  ascertained  befiMV 

sm  of  refraction 

the  law  of  refraction  in  that  medium  can  be  regarded  as  perfectly  known.  This  may  be  done  experimentallj 
by  actually  measuring  the  angle  of  refraction  corresponding  to  any  one  gfiven  angle  of  incidence,  ror  the  value 
of  the  above  fraction  being  thus  determined  for  one  incidence  holds  equally  for  every  other,  or  by  other  mom 

Iwdex  of     easy  or  more  refined  modes  to  be  described  hereafter.     This  quantity  m  is  called  the  indtx  of  refraction  of  the 

"^»"«^°-    medium  A  B. 

180.  The  medium  in  which  the  ray  proceeds  previous  to  its  incidence  on  A  B  is  here  regarded  as  a  vacuum.  If 
the  medium  A  B  be  also  a  vacuum,  it  is  clear  that  the  ray  will  not  change  its  course ;  so  that  the  angle  of  inci- 
dence will  equal  that  of  refraction,  and  the  value  of  ^  will  be  equal  to  1.  This  is  the  lowest  value  of  ^  as  BO 
medium  has  yet  been  discovered  which  refracts  rays  from  the  perpendicular  when  incident  from  a  vacuum.  Tbo 
greatest  value  of  /i  yet  known  is  3,  when  the  refraction  is  made  into  chromate  of  lead ;  and  between  these  limits 
almost  every  intermediate  gradation  has  been  found  to  belong  to  some  one  or  other  transparent  body,  mns 
for  air  at  its  ordinary  density  /i=  1.00028,  while  for  water  it  is  1.336,  for  ordinary  crown  glass  1.535,  for  flini 
glass  1.60,  for  oil  of  cassia  1.641,  for  diamond  2.487,  and  for  the  greatest  refraction  of  chromate  of  lead  3.0. 

181.  It  is  a  general  law  in  Optics,  that  the  visibility  of  two  points  from  one  another  is  mutual,  whatever  be  the 
Kefraction  course  pursued  by  the  rays  which  proceed  from  one  to  the  other.  In  other  words,  that  if  a  ray  of  light  pro  - 
**"j.?^  *?y  ceeding  from  A  arrives  by  any  course  at  B,  however  often  reflected,  refracted,  &c.,  a  ray  can  also  arrive  ai  A 
vlcuum."*  ^™  ^  ^y  retracing  precisely  the  same  course  in  a  contrary  direction.     It  follows  from  this,  that  if  the  ray  8C 

incident  on  the  exterior  surface  of  a  medium  AB,  (fig.  23|)  pursue  after  refraction  the  course  Cf,  then  wiU  s 
ray  «€,  incident  on  the  exterior  surface  of  the  medium,  be  refracted  out  of  it  in  the  direction  CS,  being  bent 
fnmi  the  perpendicular.     Consequently,  since  in  this  case  the  angle  of  incidence  is  the  same  with  the  angle  of 

refraction  in  the  former  case,  and  vice  vend^  we  shall  have  here  — ; -z — -; —  =  —  .    Thus  we  see  that  tb* 

sm  refraction  fi 


index  of  refraction  out  of  any  medium  into  vacuum  is  the  reciprocal  of  the  index  of  refraction  into  the  i 
from  the  vacimm. 

182.  Hence  it  follows,  that  a  ray  can  be  intromitted  into  any  medium  from  a  vacuum  at  any  angle  of  Incidence;  fiir 

since  sin  refr.  =  sin  p  c«  =  —  .  sin  P  C  S,  the  value  of  ft,  being  greater  than  1,  the  sine  of  pet  inll  neees- 

A* 
sarily  be  less  than  that  of  P  C  S,  and  of  course  less  than  unity ;  so  that  the  angle  of  refraction  can  never  become 
imaginary.     Thus,  as  the  angle  of  incidence  PCS  increases  firom  o,  or  as  the  ray  S  C  becomes  more  and  more 
oblique  to  the  surface  till  it  barely  grazes  it,  as  at  S"  C,  the  refracted  ray  becomes  also  more  oblique,  but  much 

sin  90^  I 

less  rapidly,  and  never  attains  a  greater  obliquity  than  the  situation  C  t^\  in  which  sin  p  C  «^'  =  ■  =  — . 

r"  * 

Limit  of  the  This  limiting  angle,  then,  is  the  maximum  angle  of  refraction  from  vacuum  into  the  medium,  and  its  value  in  any 
angle  of      criven  medium  is  found  by  computing  the  angle  whose  sine  is  the  reciprocal  of  the  index  of  refraction.     Thus  in 

refraction.     ^  •> 

water  the  angle  of  refraction  cannot  exceed  arc  sin  — rs^^— ,  or  48°  27''  40^^     In  crown  glass  the  limit  is 
"  1  .ooo  ^ 

40^  39',  in  flint  38*»  41',  in  diamond  23°  42^,  while  for  the  greatest  refraction  of  chromate  of  lead  the  limit  is  so 
low  as  19°  28'  20^^ 

183.  Conversely,  when  a  ray  is  incident  on  the  interior  surface  of  the  medium,  at  any  angle  less  than  the  limiting 
Dmit  to  the  « 

possibility    ^^-jg  ^hose  sine  is  — ,  it  will  be  refracted  and  emerge  according  to  the  law  laid  down  in  Art.  181,  being  1 
of  a  ray'*  /t 

mTml-''"^  from  the  perpendicular.     But  as  the  angle  of  incidence  pCs  increases,  the  angle  of  refraction  PC  S  inc 
dium.  '      more  rapidly ;  and  when  the  former  angle  has  reached  the  limiting  value  p  C  «",  the  transmitted  ray  emerges  in 
the  direction  C  S'^  barely  grazing  the  external  surface.     If  the  angle  of  incidence  be  still  frulher  increased,  tks 

angle  of  refraction  becomes  imaginary ;  for  we  have  sin  P  C  S  =  /t  x  sin  p  C  «,  and  if  sin  p  C  t  7  — ,  the 


When  the  of  P  C  S  must  be  greater  than  unity.  This  shows  that  the  ray  cannot  emerge ;  but  it  does  not  inform  us  ' 
ray  cannot  becomes  of  it.  To  ascertain  this,  we  must  have  recourse  to  experiment ;  from  which  we  learn,  that  afier  ItSk 
^^J}  ^  limit  is  passed,  the  ray,  instead  of  being  refracted  out  of  the  medium,  is  turned  back  and  totally  reflected  witluB 
""^  it,  making  the  angle  of  reflexion  p  C  S^'  =:  p  C  •". 
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liffbt  slnSBP  :  sinEBp  =  aiiBEQ  : : /I  :  1  J 

Bin  RHE  =  sin gEH:  8111  rHTs  sin  PBS  ::  1  : /i» 

and,  compoonding  these  proportions, 

.    w»  ^        .    « T,  ^  ,  sin  B  E  Q  /*' 

sin  H  E  a  :  sin  B  E  Q  : :  |4  :  a' ;  .    „ -^        =  -^. 

^  sin  UEf  u 

Absolute         But  6  E  Q  is  the  angle  of  incidence,  and  H  E  ^  that  of  refraction,  at  the  common  surface  of  the  media*  con- 
uid  relative  gequently  the  rdoHve  index,  or  index  of  refiaction  from  the  first  into  the  second,  is  equal  to  the  quoCieiit 

of  the  absolute  indices  /i\  /i,  of  the  second  and  first,  or  their  indices  of  refraction  fit)m  vacuum. 

X90.  This  demonstration,  it  is  true,  holds  good  only  for  the  case  when  the  angles  of  incidence  and  refivction  at  the 

common  surface  are  both  less  than  the  limits  of  the  angles  of  refraction  firom  vacuum  into  each  medium.  If 
^ey  exceed  these  limits,  the  proposition  however  still  holds  good,  as  may  be  shown  by  direct  measures  of  the 
angles  of  incidence  and  refraction  in  any  proposed  case.  At  present,  therefore,  we  must  receive  it  as  an  ezperi« 
mental  truth. 

191.  Example.  Required  the  ratio  of  the  sine  of  incidence  to  that  of  refraction  out  of  water  into  flint  glass.    Hie 
refractive  index  of  flint  glass  is  1.60,  and  that  of  water  1.536,  therefore  the  refiractive  ratio  required  is 

1.60 

1.836 

192.  If  the  index  ^  =s  •*  1,  the  general  law  of  refraction  coincides  with  that  of  reflexion.  Thus  all  the  caaea  of 
reflexion,  as  far  as  the  direction  of  the  reflected  ray  is  concerned,  are  included  in  those  of  refi:action. 

Of  the  Ordinary  Refraction  of  Light  through  a  SyHem  of  Plane  Surfacei^  and  of  Refraction  through  JVi— i. 

193.  Definition.  In  Optics,  any  medhim  having  two  plane  surfaces,  through  which  light  may  be  transmittod. 
inclined  to  each  other  at  any  angle,  is  called  a  prirni. 

194.  Definition.  The  edge  of  the  prism  is  the  line,  real  or  imaginary,  in  which  the  two  plane  surfaces  meet,  or  would 
meet  if  produced. 

195.  Definition.  The  refracting  angle  of  the  prism  is  the  angle  on  which  its  two  plane  surfaces  are  Inclined  to  each 
other. 

196.  Definition.  The  faces  of  a  prism  are  the  two  plane  surfaces. 

197.  Definition.  T^e  plane  perpendicular  to  both  surfaces,  and  therefore  to  the  edge  of  a  prism,  is  called  the 
principal  section  of  the  prism,  or  of  the  two  surfaces.  This  expression  has  been  used  in  this  general  aeiiae 
already,  under  the  head  of  reflexion. 

To  determine  the  direction  of  a  Ray  after  Refraction  through  any  System  of  Plane  Surface$. 

198.  Construction.  Since  the  direction  of  the  ray  is  the  same  whether  refiucted  at  the  given  surfaces,  or  at  othen 
General  parallel  to  them,  conceive  surfaces  parallel  to  the  given  ones,  all  passing  through  one  point,  and  from  this  point, 
P~"2*^  but  wholly  exterior  to  the  refracting  media,  let  perpendiculars  CP,  CP',  C  P",  &c.  be  drawn  to  each  of  tbe 
tion  through  sur&ces,  (fig.  27.)     Let  S  C  be  the  direction  of  the  incident  ray.     Between  C  P  and  C  S^  draw  C  S^  in  the  phme 

any  sjrstem  ^ 

ofpfauie       6  C  P,  so  that  sin  PCS^= —  .sin  PCS,  fi  being  the  index  of  refraction  of  the  first  medium  fi-om  the  mediani 

surfiures.  /* 

*^'  9/.  Iq  which  the  ray  originally  moved,  which  we  will  at  present  8U4)pose  a  vacuum,  then  will  S'C  be  the  directioa  of 
the  ray  after  the  first  refraction.  Again,  let  /  =  the  relative  refractive  index  of  the  second  medium  oui  of  the 
firsts  or  /ft  /i^  as  its  absolute  refractive  index  from  a  vacuum ;  draw  C  S'^  in  the  plane  S'  C  P'  so  as  to  make 

sin  F  C  S"  =  — r  .  sin  F  C  S',  then  will  S"  C  be  the  direction  of  the  ray  after  the  second  refraction,  and  so  on. 

199.  General  analysis.  Let  a  =  S  C  P  the  first  angle  of  incidence,  a^  s  S^  C  F  the  angle  of  incidence  on  tbe 
second  suHace,  I  =  P  C  F  the  inclination  of  the  two  first  surfaces  to  each  other,  and  putting,  moreover, 

0  =  P  S^  F  =s  the  angle  which  the  planes  of  the  first  and  second  refraction  make  with  each  other. 

yjt  =z  S  P  F  =  the  angle  made  by  the  plane  of  the  first  refraction  with  the  principal  section  of  the  two  first 
refracting  surfaces. 

0  =s  S'  F  P  s  the  angle  made  by  the  plane  of  the  second  refraction  with  the  same  principal  section. 
^  =  P  C  S^        the  first,  and  /  =  F  C  S'^  the  second  angle  of  refraction. 
D  =  S  C  S^        the  deviation  afler  the  second  refraction. 


872  LIGHT. 

Llgfct  /         I\«  I  I 

» because  cos  I  s  1  —  8  i  sin  —  1    and  sin  I  s  2  .  sin  —  .  cos  — • 

Now  /K    sin  p  ss  sin  »  by  the  first  of  the  equations  (o)»  hence  we  get  (equation  d) 

sin  (I  +  D  +  «)  =  sin  a  f  2  /* .  sin  —  .  cos  (  —  +  p  J  ; 


W 


whence,  I  and  a  being  given,  and  p  calculated  from  the  equation  sin  />  =:  —  sin  a,  D  is  easily  had. 

205.  Corel,  2.  If  a  =:  o,  or  if  the  ray  be  intromitted  perpendicularly  into  the  first  surface,  we  have  also  p  =  o»  anil 
the  expression  (d)  becomes  simply 

sin  (I  +  D)  =  /i  .  sin  I  y  (c) 

u  1  sm  (I  +  D)  ,^ 

whence  also  »  =s  ^: — r — ^  ;  (f) 

sm  I  ^  ^ 

Tbxm  we  see  that  if /i .  sin  1 7  1,  or  if  I,  the  angle  of  the  prism,  be  greater  than  sin"' ,*  the  critical  angle,  or 

the  least  angle  of  total  internal  reflexion,  the  deviation  becomes  unaginary,  and  the  ray  cannot  be  transmitted 
at  such  an  incidence. 

206.  Corol,  3.  The  equation  (/)  affords  a  direct  method  of  determining  by  experiment  the  refracUve  index  of  any 
Ist  mode  of  medium  which  can  be  formed  into  a  prism.  We  have  only  to  measure  the  ang^e  of  the  prism,  and  the  deviation 
1f^^^°^°^  of  a  ray  intromitted  perpendicularly  to  one  of  its  faces.  Thus  I  and  D  being  given  by  observation,  m  is  known. 
J^2,^J2^     This  is  not,  however,  the  most  convenient  way  ;  a  better  will  soon  appear. 

by  eiperi-        Definitions.  One  medium  in  Optics  is  said  to  be  denter  or  rarer  than  another,  according  as  a  ray  in  passing 
mmt  from  the  former  into  the  latter  is  bent  towards  or  from  the  perpendicular.    When  we  speak  of  the  re/raeUwe 

807.      density  of  a  medium,  we  mean  that  quality  by  which  it  turns  the  ray  more  or  less  from  its  course  tomrds  tlie 
perpendicular  (from  a  vacuum,)  and  whose  numerical  measure  is  the  quantity  fi  the  index  of  refraction. 

209^         Proposition.  Given  the  index  of  refiraction  of  a  prism,  to  find  the  limit  of  its  refi:ticting  angle,  or  that  whidi 

Limit  of  the  if  exceeded,  no  ray  can  be  directly  transmitted  through  both  its  faces. 

refrecting        This  limit  is  evidently  that  value  of  I  which  just  renders  the  angle  of  refraction  p  imaginary  for  all  angles  of 

angle  of  t    incidence  on  the  first  surface,  or  for  all  values  of  a,  that  is,  which  renders  in  all  cases 
prum. 

/ti.8in{I  +/>}  —  1  positive, 
or,  sin  (1  +  />) positive ;    that  is,  (since  I  +  />  cannot  exceed  90°)  which  renders  in  all  cases  I  +  /»  — 

(  —  J  positive.    Now  p  =  sin~* ,  and  consequently  the  value  of  o  least  favourable  to  a  positive 

value  of  the  function  under  consideration  is  —  90^  which  makes  p  =  —  sin  ~^  f  —  j,  its  greatest  negative 
value.  Consequently,  in  order  that  no  second  refi'action  shall  take  place,  I  must  at  least  be  such  that  I  — 
2  sin  ~  *  ( 1  shall  be  positive ;  that  is,  I,  the  angle  of  inclination  of  the  faces  of  the  prism  to  each   other. 

Angle  of  t  or  as  it  is  briefly  expressed,  the  an^e  of  the  prism^  must  be  at  least  twice  the  maximum  angle  of  internal 
prism.         incidence. 

209.  For  example,  if  ^  =  2, 1  must  be  at  least  60^.     In  this  case  no  ray  can  be  transmitted  directly  througfa  an 

equilateral  prism  of  the  medium  in  question. 
j^YQ^  Corol.  4.    If  /i  7  1,  or  if  the  prism  be  denser  than  the  surrounding  medium,  /«  .  sin  I  is  7  sin  I  and  sin*  * 

(/I .  sin  I)  7 1,  so  that  the  value  of  D  (equation  ((Q,  Art.  204)  is  positive,  or  the  ray  is  bent  towards  the  thicker 
part  of  the  prism,  (seo  fig.  29.)     If  /i  Z  1 ,  or  the  prism  be  rarer  than  the  medium,  the  contrary  is  the  case, 
(see  fig.  30.) 
2X1.  Problem,    The  same  case  being  supposed,  (that  of  a  prism  in  vacuo,  or  in  a  medium  of  equal  density  on 

Case  of'      both  sides,)  required  to  find  in  what  direction  a  ray  must  be  incident  on  its  first  surface  so  as  to  undergo  the  least 
minimum     possible  deviation, 
deviation.         Since  D  =  />'  —  a  —  I ;  (c)  Art.  208,  and  by  the  condition  of  the  minimum,  d  D  =  0,  we  must  have 

d  /  =  d  a. 
Now  the  equations  (c)  give  by  differentiation 

d m ,  cos  a  =:  /id p  ,  COS  p;     do!  ^^  dp ;     dp' ,  cos  p'  =z  fida  . cos a\ 

.   ,  /  »  /        ,  ^^"^ « .  cos  o' 

that  is  dp,  cos  p  =i  fid  p .  cos  a  z:^  d  a  . 


sm 


-I 


cos  p 


*  The  reader  will  obeen-e,  that  by  the  expresaion  sin  "^  -^—  is  meant  what  in  most  books  would  be  .expressed  by  arc  sin  ■>  — — . 
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».*^Oi.  AL^  f       ^\  COS  o.  cos  a' 

^^^^  --; —  (=  IJ  =    r  »  or  cos  o .  cos  a'  =  cos  p  .  COS  p. 

da      ^         '  C08  p  ,  COS  p'  r         "  r 

^at  i8»  squaring, 

(1  -  8ina«)  (1  -  sina'»)  =  (1  -  8inp«)  (1  -  sin  p'*) 

iQ  whidi,  for  sin  a  and  sin  p'  writing  their  equals,  ;t' .  sin  p  and  f*  .  sin  a',  we  get 

1  —  ft*,  sinp*     ^     1  —  /A^  .  sin  a'- 
1  —  sin  p*       ~        1  —  sin  o'«      ' 

wib'<di  gives,  on  reduction,  simply  sin  p»  =  sin  o'«,  and  therefore  p  =   ±  a',  that  is  I  -f  p  =  I  j^  «'•  or 
a'=  I  ±  o'.    The  upper  sigrn  is  unsatisfactory,  as  it  would  give  1  =  0.     The  lower  therefore  must  be  taken, 

which  gives  a^  =  -^,  which  satisfies  the  conditions  of  the  question.     We  therefore  have 

i/=JI;   p  =  -JI;   sina=  -|».sin   y^Jy  sin  /  =  +  |» .  sin  (—  V 

This  state  of  things  is  represented  in  fig.  31,  for  the  case  where  ft  7  1,  or  where  the  prism  is  denser  than  the  Fig.  31. 
surrounding  medium,  and  in  fig.  82,  for  that  in  which  it  is  rarer,  or  fA  Z  1.     In  both  cases,  a,  being  negative.  Fig.  32. 
indicates  that  the  incident  ray  must  fall  on  the  side  of  the  perpendicular  C  P,  from  the  edge  A  of  the  prism  (as 
8C).    In  both  cases,  the  equations  p  (=  P  C  SO  =  —  4  I  (=  —  i  P  C  FO  and  a'  =  F  C  S'  =  +  4  P  C  P', 
indicate  that  the  once  refiracted  ray  S^  C  D  bisects  the  angle  P  C  F,  and  therefore  that  the  portion  of  it  C  D 
within  the  prism  makes  equal  angles  with  both  its  faces.     In  both  cases,  also,  the  equality  of  the  angles  a  and  f/ 
(witlMmt  reference  to  their  signs)  shows  that  the  incident  and  emergent  rays  make  equal  angles  with  the  faces 
of  the  prism,  and  therefore  that  it  is  of  no  consequence  on  which  face  the  ray  is  first  received. 
CUnvL  5.  In  this  case,  also,  we  have  the  actual  amount  of  the  deviation  812. 

EipmnoB 
for  the 


D=p'-a-I  =  2sin-»   (/i.sin  ^)  -  I.  (/) 


munmuDi 
derislion. 


Hence  also  sm =  ;t .  sm 


€^croL  6.     In  the  same  case,  I  being  given  by  direct  measurement,  and  D  by  observation,  of  the  actual      213. 

ndnimtun  deviation  of  a  ray  refitusted  through  any  prism,  the  value  of  /»,  its  index  of  refraction,  is  given  at  Another 

oacfer  we  have  ^^ 

\       2       /  renection 

f*  =  1 .                 (g)  of  a  prism 

sin  (4-)  byexperi- 
\  2  / 


ment 


And  this  afibrds  the  easiest  and  most  exact  means  of  ascertaining   the  refractive   index    of  any  substance 
(spable  of  being  formed  into  a  prism. 

BsrnnpU.  A  prism  of  silicate  of  lead,  consisting  of  silica  and  oxide  of  lead,  atom  to  atom,  had  its  refracting  814. 
*i>gle  21^  12^  It  produced  a  deviation  of  24^  46^  at  the  minimum  in  a  ray  of  homogeneous  extreme  red  light :  Example. 
^Mt  was  the  refractive  index  for  that  ray  ? 

I  =  21**  12',  4-  =  10^  3d',  D  =  24**  46',  -^  =  12°  23' 
2  2 

sin  (-i-  +    -^)  =  sin  22°  b^        9.59158 
sin     ~  =  sin  10°  36'         9.26470 


/«=  2.123  0.32688 

Cau  3.    Let  us  now  take  a  somewhat  more  general  case,  viz.  to  find  the  final  direction  and  total  deviation     S1&.' 
of  a  ray,  afler  any  number  of  refractions  at  plane  surfaces,  all  the  refractions  being  performed  in  one  plaac^  f^—^- 
Afld,  of  course,  all  the  common  sections  of  the  surfaces  being  supposed  parallel. 

Supposing  (as  above)  I  to  represent  the  inclination  of  the  first  surface  to  the  second ;  I' thai  of  the  •« 
io  the  third,  &c. ;    and  I,  I',  &c.  to  be  negative  when  the  surfaces  incline  the  contrary  way  fixmi  OB 

nde  assomed  as  positive,  taking  also  £,  ^,  ^^&c d(«-0  to  represent  the  several  partial  bendHnn* 

at  the  firot,  second,  third,  nth  surface  respectively,  and  the  <  ther  symfK>ls  remaining  as  bafcniif  W 
total  deviation,  D  =  a  +  a'  + «("-*).    Now  we  have,  s  nee  in  eadi  case  9  =s  180*,       '  =  "iwi 
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sin  a  s=  ^  .  sin  /> ;    o'  sr  f)  -f  I ;     f/ ,  am  (/  sz  sin  a^  ;     h  zsl  a  ^  p  ; 
sin  o'  =  ^',  sin  p* ;  •"  =  //  -|-  I'  ;  ^'^  sin  ff'  =  sin  o";    ^  ^  a  '^  p* ;  Ac.  dtc 
we  g^et  (supposing^  n  to  represent  the  number  of  surfaces)    . 

1 

nn  p  =:  —  .  sin  a 

f* 
sin  //  =  — 7  .  sin  (I  +  p) 

1  ^ 

sin  /'=  — r,  .  sin  (I'  +  f^) 

sin  p  (— »)  =  —7^,  .  sin  (I  '—2)  +  p  (»-2) ) 

whence  the  series  of  values  p,  p',  &c.  may  be  continued  to  the  end.    These  determined,  we  get  a,  ct',  &c.  by  the 
equations  az:za;      a'  =  /i  +  I;     a"  =  /  +  T ;    . .  .  .a^"-»  = /|(— »)  +  I  ('"2;  ^ 

and  finally  D  =  {a-fa'-f....a  (— »  }-{p  +  /  +  .,..^  C-D  } 

=  a  +  {I  +  P  +  ....  I^— »>  }-.p(— 1). 

Now  I  +  r  +  . . .  I  ("""^  is  the  inclination  of  the  first  to  the  last  surface,  or  the  angle  (A)  of  the  compoimd 
prism,  formed  of  the  assemblage  of  them  all,  so  that  we  have  in  general 

D  =  a  -f  A  -  p  C«-»)  (A) 

216.  Let  us  now  inquire,  how  a  ray  must  be  mcident  on  such  a  system  of  surfaces  so  that  its  total  deviation  shall 

CoAe  of       be  a  minimum. 
™JvuSon         ^^"^  dD  =  0  and  I,  I',  &c.  are  constant,  we  must  have 

number  of  i» »  *-  i»  ^  , 

r fi.  dp.  cos  p  =  d  a,  COS  a 


refractions.   v»4 

but  /A  .  sm  f>  =  sm  a 


/a'  .  sin  p  =  sin  (p  4-  I) 
&c. 


^  .  ,7  p/dp/.toapf^  dp.  cos  (f»  -f  I) 


[  ^(«-i)<£^(»-i).cosp("-*^=dp("-2)  cosO>(*-2)^I(.-a)j 


/AfA   ....  ^(*-*).  COS  .  p  COSp' COSp^*"*).  — ^ =    COS  a  .  C08(/)  +  I).  .  .  .   C0S(/>^""2)  ^   I(«-2)j 

dcL 


and  multiplying  all  these  equations  together 

/Af*   .. 

or  simply 

^f*' fi^*""*^.  cos  p  .  COS//.  ..  .  COSp^""^^  =  cos  a  .  cos  a' cosof"-^^;  (i) 

this  equation,  combined  with  the  relations  already  stated,  between  the  successive  values  of  p  and  those  of  a, 
afibrd  a  solution  of  the  problem ;  but  the  final  equations  to  which  it  leads  are  of  great  complexity  and  high 
dimensions.  Thus,  in  the  case  of  only  three  refractions,  the  final  equation  in  sin  p  or  sin  p',  &c.  rises  to  the 
sixteenth  degree ;  and  though  its  form  is  only  that  of  an  equation  of  the  eighth,  yet  there  appears  no  obvious 
substitution  by  which  it  can  be  brought  lower.  The  only  case  where  it  assumes  a  tractable  form  is  that  of  two 
surfaces,  when  the  equation  (0  which  in  general  may  be  put  under  the  form 

/t  V« . . .  .  ^C»)«  (1  -  sin  f «)  (1  -  sin  e'*),  &c.  =  (1  -  At« .  sin  p«)  (1  -  w'    .  sin  p'«).  &c.  (i) 

reduces  itself  by  putting  sin  ^^  =  x,   and  sin  p'*  =  y, 

to  0*V-  1)  -  f^^A*"  -l)ir-A*'*0**-l)y  =  0, 

which,  combined  wirti  the  equation  pi .  sin  p'  =  sin  (^  +  I) 

or  (^'«y  +  OP  —  sin  !«)»  =  4  f*'*.  cos  I«  .  a?  y, 

gives  a  final  equation  of  a  quadratic  form  for  determining  x  or  y,  and  which  in  the  particular  case  of  ^  ft  = 
or  when  the  second  refituition  is  made  into  the  same  medium  in  which  the  ray  originally  moved  before  its  fi^ia 
incidence,  g^ves  the  same  result  we  have  already  found  for  that  case  by  a  similar  process.    Meanwhile,  thmi^ 
we  may  not  be  able  to  resolve  the  final  equations  in  the  general  case,  the  equation  {j)  afibrds  a  criterion  of  C 
state  of  minimum  deyiation  which  may  prove  useful  in  a  variety  of  cases. 
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CoMe  4.  When  the  planes  of  the  first  and  second  refraction  are  at  right  angles  to  each  other,  required  the  rela      Part  I. 

^ons  arising  from  this  condition.  >— ••>g^-^.i^ 

In  this  case  we  have  6  r=  90^  cos  d  =  0,  sin  ^  =  1,  so  that  the  general  equation  (B,  199)  becomes  817. 

Case  when 
the  planes 
of  toe  iirst 
and  cos  a'  =  cos  ^  .  cos  I  +  sin  p  .  sin  I  .  cos  Y^.  and  necond 

refraction 
'^^  are  at  right 

angles. 


sin  a  =1  ^  .  sin  p  \ 
sin  a  z=  fi!  .  sin  /  > 
sin  a'  =  sin  I .  sin  ylt) 


The  last  of  these  equations,  by  transposition  and  squaring,  becomes 

cos  a'«  —  2  .  cos  o' .  cos  p  .  cos  I  +  cos  f«  .  cos  I «  =  sin  p«  .  sin  I  *  (1  —  sin  Yr^) 

jta  irhich,  substituting  for  sin  yft  its  value  — : — =-  deduced  from  the  third  equation,  and  reducing  as  much  as  pos 

sible,  we  obtain 

cos  o'« .  cos  p^  —  2  .  cos  a' .  cos  p  .  cos  I  +  cos  I «  =  0, 

which,  being  a  complete  square,  gives  simply 

cos  p  .  cos  a^  =  cos  I.  (k) 

This  answers  to  the  equation  cos  a  .  cos  a  s:  cos  I,  obtained,  on  the  same  hypothesis,  in  the  case  of  reflexion 
(104);  for  since  the  latter  case  is  included  in  the  case  of  refraction,  by  putting  /*  =:  —  1  (Art.  192)  we  have 
thai  tf  =:  —  p  and  cos  p  =:  cos  a. 

Ccnl.  1.  If  t  and  i  be  the  inclinations  to  the  first  and  second  surfaces  respectively  of  that  part  of  the  ray      218. 
ivhich  h'es  between  the  surfaces,  we  have 

t  =  90*^  -  ^        and  i'  =  90o  -  a\ 
so  that  the  equation  above  found,  gives 

sin  i  .  sin  i'  =  cos  I, 

or  the  product  of  the  sines  of  the  inclination  of  the  ray  between  the  surfaces  to  either  surface  is  equal  to  the 
cosine  of  the  inclination  of  the  two  surfaces.  The  same  relation  may  be  expressed  otherwise,  thus :  if  we 
suppose  the  ray  to  pass  both  ways  from  within,  out  of  the  prism,  the  product  of  the  cosines  of  its  interior 
incidences  on  the  two  surfaces  is  equal  to  the  cosine  of  their  inclination  to  each  other.  In  this  way  of  stating 
it,  the  case  of  reflexion  is  included. 

Carol.  2.  We  have  also  in  the  present  case  219 


.-„  1       .  .      /       4  A* .  sin  I«  -  sin  a«  .     ,        1  .  A^ .  sin  V 

»in  p  =  — .  sm  o  ;         sin  o  =  V/  ^ : ;  sm  p  =  -ta/   1 — 


;**  —  sin  a« 


*°^  cos  D  =  cos  (a  —  e)  •  ^s  (a'  —  p') 

^  that  a  being  g^ven,  all  the  rest  become  known.     The  last  equation  corresponds  to  the  equation  cos  D  :=  cos 
^  A  •  cos  2  a'  in  £e  case  of  reflexion. 


S  VII.     Of  Ordinary  Refraclion  at  Curved  Surfaces^  and  of  Diaca%uiie»^  or  Caustia  hy  Refraction, 

'*'^c  refraction  at  a  curved  surface  being  the  same  as  at  a  plane,  a  tangent  at  the  point  of  incidence,  if  we       220. 
knor%^  the  nature  of  the  surface,  we  may  investigate,  by  the  rules  of  refraction  at  plane  surfaces,  combined  with 
the   relations  expressed  by  the  equation  of  the  surface,  in  all  cases,  the  course  of  the  refracted  ray.     We  shall 
co^ne  ourselves  to  the  simple  case  of  a  surface  of  revolution,  having  the  radiant  point  in  the  axis. 

**''*oposition.  Given  a  radiant  point  in  the  axis  of  any  refracting  surface  of  revolution,  required  the  focus  of      221. 

aoy  aonulus  of  the  surface.  General  in- 

^  C  P  be  the  curve,  Q  the  radiant  point,  Q  g  N  the  axis.  P  M  any  ordinate,  P  N  a  normal,  and  P  g  or  g  P  ^«^^J.»°" 

tb«  direction  of  the  refracted  ray,  and  therefore  q  the  focus  of  the  annulus  described  by  the  revolution  of  P.  ^f„**^* 

H^^  if  we  put  fA  for  the  refractive  index,  and,  assuming  Q  for  the  origin  of  the  coordinates,  put  Q  M  =  r,  surface  of 

revolution. 

jlP  =  y,  r  =  Va/^  +  yS  p  =  -j^.  we  have  ^*-  ^^' 

a  X 

«nOPM  =  — ;  cosQPM=:-^; 

r  r 
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^^*"  smNPM  =  — 1=^=.;         cobNPM=:— =L=  x^ 

consequently  RinNPQ  ssinQPM.cosNPM  +  sinNPM.cosQPM 


and  therefore  sin  NP  g  =  —  .  sin  NPQ  =  ^  "*"  ^^ 


and  cosNPg=:c if  we  put  Zrr  v^^«  r«(i  +  ^,8)  «  (,  +  py)*; 

f4  r  V  1  +  />• 

consequently  since  MP9  =  NPg-fNPM,         we  get 

sin  MPg  =:  rr-r^^-^T-  ;        and  cos  M Pg  =  — ^- — ^-    .  "^  ^v ; 

,  ^      --_  sinMPg  X'\-py-\'pZ 

whence  tan  M  Pg  =  ^_^     =3  T    .        n  x   'W 

^         cosMPg  - /)(J? +  l>y)  +  Z 

Now  we  have  Mg  =  PM.  tan  MPg  =  y  .  tan  MPg  =    y  (P  ^  "K"^  "^  1^  V)  >    . 

^      ^  ^  Z  --pix  +  py) 

consequently  Q9  =  «+y-tanMPg  =  (x+;iy).  J[^Zp^^  z '  ^^^ 


(«) 


w 


222.  Coro/.  1.  If  we  put  $  for  the  arc  CP  of  the  curve,  wjb  have,  since  rdr  ^xdx  +  ydy  =  dx(x  +  py)% 

-  \/'-(^)"-  (^)'='V^-(i^)*-(^y=    « 

S^23.  Coro/.  2.    If  ft  =  —  1,  in  which  case  the  refraction  becomes  a  reflexion,  we  have 

Z  =:  ^  I*  (1  +  /}«)  —  (j?  +  jpy)*  =  y  —px^  writing  for  r*  its  value  ^  '\'  y'^  \  so  that  the  general  value  abovs 
found  for  Q  q  reduces  itself  to 

^"^^     •     2/i«-y(l-p«)    ' 
which  is  the  same  as  that  found  in  (6)  Art  109,  in  the  case  of  reflexion. 

224.  O>rol  3.  If  we  put  P  =  tan  MgP  =  cotan  MPg  =        ^^  p  . 

we  have  ^  ^  JUESEJlZ^J^,  (e) 

and  the  equation  of  the  refracted  ray,  if  X  and  T  be  its  coordinates,  (Q  being  their  origin)  will  be  (since  Y  lie* 
on  the  opposite  side  of  the  curve  from  Q) 

Y-y=-P.(X-«)  if) 

225  In  the  case  of  parallel  rays  these  expressions  become  (b;  putting  first  j;  +  a  for  x,  and  then  making  a  infinite) 

Z=ffl  V  (»«  (1+  p«)  _  1 


-p+  V^«  (1  +  ,^)  _  1 


l  +  pV^»(H-p«)-l    , 


(*) 


-/^•(l+p")-!  -p 
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Squaring  both  sides,  and  substituting  for  Z  its  value,  we  get  ] 

which,  on  executing  the  operations  indicated  on  the  left  hand  side,  becomes  totally  divisible  by  1  +  p  *,  and 
reduces  itself  to 

that  is,  putting  for  p  its  value  — j^,  multiplying  hydj/*,  and  extracting  the  square  root, 

xdx  +  ydy     ^  (x-^cydx-^ydy 

V  dp«  -h  y«  V  (j?  —  c)«  -f  y*     * 

and  integrating  (each  side  being  a  complete  differential) 

Vx^  -f  y«  =  6  +  ft .  V(j?-c)*4.y«,  (n) 

which  is  the  equation  of  the  curve  required,  and  belongpi,  gfenerally,  to  a  curve  of  the  fourth  order. 
233  Corol,  1.  About  Q,  (fig.  36,)  uith  any  radius  Q  A,  arbitrarily  assumed,  describe  a  circle  A  B  D  E,  then  if  CP 

Fig.  36.      be  the  refracting  curve,  and  we  put  Q  A  =  6,  we  have  Q  P  =  V^j?*  +  y«,  Py  ss  V(j?  —  c)«  +  y«,  and  tlie 
nature  of  the  curve  is  expressed  by  the  property 


BP=r  f*.P^,         or,  HP  :  Pg:  :/*  :  1. 

E  be  infinitely  small,  we  have  Q  P 
\  case  we  have  simply 


234.  CoroL  2.  If  6  =  o,  or  the  circle  A  B  E  be  infinitely  small,  we  have  Q  P  :  P  7  :  :  /*  :  1,  which  is  a  well  known 

property  of  the  circle.     In  fact,  in  this  case  we  have  simply 


In  this,  if  we  change  the  origin  of  the  coordinates  by  writing  x  +   — —-  c  for  jr,  we  find 


=0-^0'- 


A* 


The  radius  of  the  circle,  therefore,  is  equal  to  — ^  ^        X  Q  g,  and  the  distance  of  its  centre  from  the  radiant 


u^ 


p.    22,       point  is  — ^  ^        X  Q  g.    Take  therefore  any  circle  H  P  C  whose  centre  is  E,  (fig.  37,)  and  two  points  Q,  g, 

such  that  Q  E  =  /*  X  E  C  and  Q  C  :  Cq  :  ;  /* :  1.     Then  if  rays  diverge  from  Q,  and  fall  on  the  surface  P  H 
beyond  the  centre,  they  will,  after  refraction  into  the  medium  M,  all  diverge  from  q, 
235.  CoroL  3.  If  /*  =:  —  I,  the  equation  (n),  when  freed  from  radicals,  is  only  of  the  second  degree  between  x  and 

y,  and  therefore  belongs  to  a  conic  section.     On  executing  the  reduction  we  get 


»-=o--^)((4r=('-T)'> 


which  shows  that  the  radiant  point  Q  is  in  one  focus  and  q  in  the  other,  which  is  the  same  result  as  that  before 

found  by  a  different  mode  of  integration. 
236.  CoroL  4.  When  Q  is  infinitely  distant,  and  the  rays  are  parallel,  we  must  shift  the  origin  of  the  coordinates 

For  parallel  firom  Q  to  g,  by  putting  c  —  x  for  x,  and  afterwards  supposing  c  infinite.    This  gives 
nys  the 


curve  IS  a 
conic 


F^^38       Developing  the  first  term  in  a  descending  series,  we  find 


j?r+  y* 


(c~6)^a,+       ^J      +&C.  =;i.   ^ x^  +  y«. 

Let  c— 6  £=  A,  which,  since  b  is  arbitrary,  is  equally  general,  and  may  represent  any  finite  quantity,  then,  as  e 
increases  and  at  length  becomes  infinite,  this  equation  becomes  ultimately 


Let  C  P  be  a  conic  section,  g  its  focus,  and  A  B  its  directrix,  g  M  =  a?,  and  P  M  =  y,  then  will  Q  P  s=  A  —  # 
if  we  take  g  A  =  ^,  and  the  above  equation  we  see  expresses  that  well  known  property  of  a  conic  secUon,  in 
virtue  of  which  Q  P  :  Pg  in  a  constant  ratio,  (/*  :  1.) 
237.  CoroL  5.  The  curve  is  an  ellipse  when  Q  P  7  P  g,  or  when  the  ray  is  incident  firom  a  rarer  on   a  denser 

medium,  and  an  hyperbola  in  the  contrary  case.     If  Q  P  =  P  g,  the  curve  is  a  parabola  ;  in  this  case  /*  =  1,  and 
the  rays  converge  to  the  focus  at  an  infinite  distance,  i.  e,  remain  parallel. 

To  take  a  single  example  of  the  investigation  of  the  diacaustic  curve,  from  the  general  expressions  above 


238 
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light'        Corol.  2.  U  we  suppose  the  focus  of  incident  rays  infinitely  distant,  or  a  =  go,  and  take  F  the  place  of  f  ibr     FM 
"lat  supposition,  F  will  be  the  principal  focus,  and  we  shall  have  .^*^/ 


246. 
Focus  for  C  F  s= 

ptnllelnyt  /*  —  1  '  '^  ((A 

whence  we  also  find  ' 

CE:EF 


^;     thatis,CE:CF::/»-l  :/•  ) 
:  :  /» -  1  :  1,      and  CF  :  FE  :  :  /» :  1  / 


247.  These  results  will  be  expressed  more  conveniently  for  our  future  reference  by  adopting  a  different  notation. 
Let,  then, 

R  = =  curvature  of  the  surface,  and  let  positive  values  of  r  and  R  correspond  to  the  case 

where  the  centre  E  lies  to  the  right  of  the  vertex  C,  or  in  the  direction  in  which  the: 
rays  proceed. 

D  s=  -  (fig.  42)  =  proximity  of  the  focus  of  incident  rays  to  the  surface,  D  being  regarded  as 

positive  when  Q  lies  to  the  right  of  C,  as  in  fig.  42,  and  as  negative  when  to  the  left, 
as  in  fig.  41.  Then,  since  Q  E  =  a,  and  since  in  the  foregoing  analysis  a  is  regarded 
as  positive  when  Q  is  to  the  left  of  E,  we  must  have  (fig.  42)  Q  E  =  —  a,  and 
QC=QE  -fEC=r  —  a,  so  that 

D  = ;  a  =  -=: -=;r  •     Let  also  m  = : 

r  —  a  R  D  /* 

F  =        —    =  power  of  the  surface : 
C  F 

f  =  — r^ —  =  proximity  of  the  focus  of  refiracted  rays  to  the  surface. 

Positive  values  of  F  and  f  as  well  as  of  D  and  R,  being  supposed  to  indicate  situations  of  the  points  F,  f^  Q,  E, 
respectively,  to  the  right  of  C,  or  in  the  direction  towards  which  the  light  travels.  This  is,  in  fact,  assuming  for 
our  positive  case  that  of  converging  rays  incident  on  a  convex  surface  of  a  denser  medium.     We  shall  have,  then, 

1,1  11  1 

Fundtmen-  But  equation  (6)  gives  ■- —  = 7- --^,  and  substituting  we  shall  iret 

tal  aqiMtkm  ^  ^  ^  ^  Cq  fir(r-a)  ^  ^ 

for  tlMfoci  ^        „  V  n    .         ^ 

of  central  /=  (I  -  m)  R  +  mD.  (c) 

^  This  equation  comprises  the  whole  doctrine  of  the  fod  of  spherical  surfaces  for  central  rays,  and  may  be 

regarded  as  the  fimdamental  equation  in  their  theory. 

248.  In  the  case  of  parallel  rays,  we  have  D  =  0,  whether  the  rays  be  incident  from  led  to  right,  or  from  right  to 
General ra-  ^^  ^n  either  case,  then,  /has  the  same  value,  viz.  (1  —  m)  .  R,  and  the  principal  focal  distance  F  in  either 
IhTpower'  ^*^®  *^  ^^  same,  being  given  by  the  equation 

of  any  F  =  (1  -  m)  .  R,  {f) 


which  shows,  moreover,  that  the  power  of  any  spherical  surface  is  in  the  direct  ratio  of  its  curvature. 
249.  Hence  also  we  have  /=  F  +  m  D.  {g) 

250^  In  the  case  of  reflexion,  where  /*=  —  1,  orm=  —  1,  these  equations  become  respectively 

Fundtm«.  F  =  2R;        /=2R-D;        /=  F  -  D.  (h) 

tal  expres- 
sion! for  the      Such  are  the  expressions  for  the  central  foci  in  the  case  of  a  single  surface.     Let  us  now  consider  that  of  any 
central  foci  gygtcm  of  spherical  surfaces. 
reawSoJ!         Problem,  To  find  the  central  Jbcus  of  any  system  of  spherical  mrfaces. 

251.  Let  C^  C^^  C",  &c.  be  the  surfaces.     (^  the  focus  of  rays  incident  on  C,  Q''  that  of  refracted  rays,  or  the 

Central'      focus  of  rays  incident  on  C^',  and  so  on.     Call  also  R^  R'^  &c.  the  radii  of  the  first,  second,  &c.  surfaces  f/,  fif^ 
focus  of  a  ,  , 

sm  mc     .  ^         1         J.       1.        ^i    ^ .         j«  X  I  J-  /         1         */       I 


//— 


"»"»  --77. 


system  of     ^     ^^^  refi^ctive  mdices,  or  — r- — r-  mto  each  medium  from  that  immediately  preceding,  m  =  — —,  „. . 

sphencal  ^m  ref  ^  u!  m''  ' 

suffices  in-  '^ 

^^*S!^-  &c  Also  let  D'  =  ~  .  D"  =  -^^  &c.  and  moreover  let  C  C"  =  t',  C  C"  =  t^.  &c.  f,  t",  &e.  being 
regarded  as  positive  when  C",  C",  &c.  respectively  lie  to  the  right  of  C,  C,  &c.  or  in  the  direction  in  which 
the  light  travels;  and  if  we  put -^;^  = /,  -^Tq^  = /',  &c.  F  =  (1  -  m')  R',  F"  =  (I  -  »i*)  R",  &c 

we  shall  have  by  (249) 

/  =  F'  +  TO'D';       f  =  F"+mrD",&c.;  (,) 
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light         These  different  species  are  distinguished,  algebraically,  by  the  equations  of  the  surfaces,  and  bj  the  mgOB  of    i 
K^^s,^^^^  their  radii  of  curvature.     In  the  case  of  spherical  lenses,  to  which  our  attention  will  be  chiefly  confined,  if  we  ^^ 

260.  suppose  a  positive  value  of  the  radius  of  curvature  to  correspond  to  a  surface  whose  convexity  is  turned  towards 
Speciei  of  the  left,  or  towards  the  incident  rays,  and  a  negative  to  that  whose  convexity  is  turned  to  the  right,  or  from 
lenses  how  ^^^^  ^g  gjjjjj  jj^^y^  i^jjg  following  varieties  of  denomination  : 

braic^ty.  menisoufl  ")   fboth  radii  +,  as  fig.  46,  49,  a,  or 

concavo-convex  J   C both  radii  — ,  as  fig,  46,  49,  6, 

Dlano^onvex   -f '^^^^  ^^  ^^  surface  +,  of  second  infinite,  fig.  45,  6, 
Xradius  of  first  surface  infinite,  of  second  — ,  fig.  45,  a, 

_, ^«««„«  fradins  of  first  surface  — ,  of  second  oo ,  fig.  48,  6, 

plano-concave  -J  i  -©       i    » 

Cradius  of  first  surface  oo ,  of  second  +•  fig.  48,  a, 

double-convex :  radius  of  first  surface  +,  of  second  — ,  fig.  44, 

double-concave:  radius  of  first  surface  — ,  of  second  +, fig.  47, 

the  rays  being  supposed  in  all  cases  to  pass  from  left  to  right. 

A  compound  lens  is  a  lens  consisting  of  several  lenses  placed  close  together. 

An  aplanatic  lens  is  one  which  refracts  all  the  rays  incident  on  it  to  one  and  the  same  focus. 

261.  Problem,  To  find  the  pdwer  and  foci  of  a  single  thin  lens  in  vacuo. 

Focus  of  a      L^^  ^'  ^nd  R"  be  the  curvatures  of  its  first  and  second  surfaces  respectively,  fi  the  refractive  index  of  tbe 
single  lens.  j 

medium  of  which  it  consists,  m  =  —  ;  F  its  power :  then  we  have,  since  the  last  refraction  is  made  into  vacuum. 


u 


P  =  /.F'  +  F";        /=:F  +  D; 


but,  F'  =  (1  -  m")  R',  and  F"  =  (I  —  m")  R" ;  and  as  ^'  = and  m"  =  /»,  these  become  raspeetiialv 

—  (/*  —  1)  R'  and  —  (/*  —  1)  R'',  so  that  the  foci  of  the  lens  are  finally  determined  by  the  equations 


Fn„d.men-  F  =  0»  -  1)  (R' -  R")l  ^^^ 

Ulequations.  /  =  F  -|-  D  J 


Ulequations.  f 

262.  Corol,  1.  The  power  of  a  lens  is  proportional  to  the  difference  of  the  curvatures  of  the  surfaces  in  a  meniscus 
Power  of  a  or  concavo-convex  lens  ;  and  to  their  sum,  in  a  double-convex  or  double-concave. 

less.  In  plano-convex,  or  plano-concave  lenses,  the  power  is  simply  as  the  curvature  of  the  convex  or  concave 

surface. 

263.  CoroL  2.  In  double-convex  lenses  R'  is  positive  and  R''  negative,  so  that  when  fi  >  1,  F  is  positive,  or  the 
rays  converge  to  a  focus  behind  the  lens.  In  plano-convex,  R"  =  0  and  R'  is  +  ;  or  R'  =  0  and  R"  is 
negative,  (260)  ;  hence  in  both  cases  F  is  positive  and  the  rays  also  converge.  In  meniscus  lenses  also, 
R'is  -f ,  and  R",  though  -|-,  is  less  than  R',  (fig.  49 ;)  therefore  in  these,  also,  the  same  holds  good.     In  all  these 

RmI  uid     ^^®s  ^®  foctLs  is  said  to  be  real,  because  the  rays  actually  meet  there.     In  double-concave,  plano-concave,  or 
virtual  foci,  concavo-concave  lenses,  the  reverse  holds  good ;    the  focus  lies  on  the  opposite  side,  or  towards  the  incident 

rays,  and  parallel  rays,  afler  refraction,  diverge  from  it.     In  this  case,  therefore,  they  never  meet,  and  the  focus 

is  called  a  virtiud  focus, 
254^  Corol,  3.  If  ;*  be  <  1,  or  the  lens  be  formed  of  a  medium  rarer  than  the  ambient  medium  (which  need  not  be 

vacuum,  provided  the  whole  system  be  immersed  in  it,)  /» —  1  is  negative,  and  all  the  above  cases  are  reversed. 

In  this  case  convex  lenses  give  virtual,  and  concave,  real  foci. 
265  Corol.  4.     For  lenses  of  denser  media,  the  powers  of  double-convex,  plano-convex,  and  menisci  are  positive ; 

Positive  and  ^"^^  those  of  double  plano-concave  and  concavo-convex  lenses,  negative  ;  vice  versd  for  rarer  media, 
negative  CoroL  5.    The  focus  of  parallel  rays  is  at  the  same  distance,  on  whichever  side  of  the  lens  the  rays  fall.     For 

powers.       if  the  lens  be  turned  above,  R'  becomes  R'',  and  vice  versd  ,*  but,  since  they  also  change  their  signs,  F  remains 

266.  unaltered. 

267.  CoroL  6.  The  equation /=  F  -|-  D  gives  df=i  d  D.  This  shows  that  the  foci  of  incident  and  refiturted  rays 
Conjugate  move  always  in  the  same  direction,  if  the  former  be  supposed  to  shift  its  place  along  the  axis ;  and,  moreover, 
foci  move  m  that  their  proximities  to  the  lens  vary  by  equal  increments  or  decrements  for  each. 

JVJJ™*         Problem,  To  determine  the  central  foci  of  any  system  of  lenses  placed  close  together,  the  lenses  being  supposed 

2?)^*  infinitely  thin, 
Centnd  foci  '^^®  general  problem  of  a  system  of  spherical  surfaces  contains  this  as  a  particular  case ;  for  we  may  regard 
of  a  system  the  posterior  surface  of  the  first  lens,  and  the  anterior  of  the  second,  as  forming  a  lens  of  vacuum  interposed 
ofthin  lenses  between  the  two  lenses,  and  so  for  the  rest.  Thus  the  system  of  lenses  is  resolved  into  a  system  of  spherical 
ID  contact,  surfaces  in  contact  throughout  their  whole  extent ;  the  alternate  media  having  their  refractive  indices,  or  the 
alternate  values  of  M,  unity.     If  then  we  call  /*',  ^",  /*'",  &c.  the  refractive  indices  of  the  lenses,  we  shall  have 

M  =  l;        M'  =  A»';         M"  =  1 ;         M"'=r/i";         M»' =  1,  &c. 


LIGHT. 
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Tbe  oomponnd  power  F  then  will  (258,  o)  be  represented  by 

F  =  /*'  F  +  F"  +  /*"F'"  +  P'  -f  /"F'  +  P*  +,  &c. 


But 


1 


F'  =  (1  -  mO  R'  =  -r  C»'  -  1)  R' 
F"  =  (1  -  m'O  R"  =  (1  -  z*')  R", 


because  m'  r=  —7—  and  m"  =  fiK     Consequently, 

'^  ^'  F  +  F"  =  0*'  -  1)  (R'  -  R'^ 

and  similarly 

^f»  F'"  +  F^  =  0*''  -  1)  (R'"  -  R*'),  &c. 
80  that  we  get,  finally, 

F  =  0*'  -  1)  (R'  -  R")  +  0»"  -  1)  (R'"  -  R»0  +  &c. 

^ow,  the  several  terms  of  which  this  consists  are  (by  Art.  261)  the  respective  powers  of  the  individual  lenses 
of  which  the  system  consists,  so  that  if  we  put  (according  to  the  same  principle  of  notation)  L',  L",  L''',  &c. 
^r  the  powers  of  the  single  lenses,  and  L  for  their  joint  power  as  a  system,  we  have 


Partr. 


Superposi- 
tion 01 
powers. 
Power  of  a 
system  of 
lenses  is  tho 
sum  of  the 
powers  of 
the  compo* 
nent  inoivi* 
duals. 


L  =  L'  +  L''  +  L"'  +,  Ac 


(7) 


•«i  equation  which  shows  that  the  power  of  any  system  of  lenses  is  the  sum  of  the  powers  of  the  individual  lenses 
^c^^iol  cofi^KMe  it ;  the  word  sum  being  taken  in  its  algebraic  sense,  when  any  of  the  lenses  has  a  negative  power. 
-Vc^reover  it  is  easy  to  see  that  we  also  have/==  L  +  D,  as  in  the  case  of  a  single  lens. 

Sedprocally,  we  may  regard  a  system  of  spherical  surfaces  forming  the  boundaries  of  contiguous  media  (as       269 
in    the  instance  of  a  hollow  lens  of  glass  enclosing  water)  as  consisting  of  distinct  lenses,  by  imagining  the 
<^c^Kica¥ity  of  one  medium  and  tlie  convexity  of  that  in  immediate  contact  with  it  separated  by  an  infinitely  thin 
filKiQ  of  vacuum,  or  of  any  medium  having  its  surfaces  equicurve,  as  in  fig.  50 ;  and  thus  a  system  of  any  number  Fig.  50. 
(■■^^  of  media,  whose  surfaces  are  in  contact  throughout  their  whole  extent,  may  be  conceived  replaced  by  an  equi- 
V!^l«nt  system  of  2  n —  1  lenses,  the  alternate  ones  being  vacuum,  or  void  of  power.     This  way  of  considering  Power  of  a 
ttm^   subject  has  oflen  its  use.     It,  moreover,  leads  to  the  result,  that  the  power  of  any  system  of  spherical  ^y***™^^ 
smmw^aces  placed  in  vacuo  is  the  mm  of  the  powers  of  the  several  lenses  into  which  it  can  be  resolved,  each  placed  in  ^rfaon 
vcg-ctio  arid  acting  alone,  expressed. 

Mjei  us  now  return  to  the  case  of  surfaces  separated  by  fhiite  intervals ;    and,  first,  let  us  inquire  the  foci  of  a       270. 
system  of  surfaces  separated  by  intenrals  so  small  that  their  squares  may  be  neglected.     In  this  case  the  equa-  Foci  of  a 


i  (jf).  Art.  251,  become  simply 
D=D; 


D"  =  /'  +  r*  V  i        D"'  =  /"  +  /"«  V\  &c. ; 
<i  substituting  these  values  in  the  equations  (i),  and  retaining  the  notation  of  Art  257,  we  find 
M/=MC)/C*)  =  M'F'  +  M"F"  +  ....  MWFW  +D 
+  M'/'»  *'  +  M'7"«  f"  + 
^^^^^m  in  this  we  are  to  consider  that 

/'  =  F  +  m'D,  /"  =  F''  +  m*'F  -f  m'm"D',  *c 
the  values  of /',/",  &c.  so  expressed,  being  substituted  in  the  foregoing  equation,  we  find 
M/=  M'  F'  +  M"  F"  +  M"' F'"  +  &c. . .  -f  D  (r) 

+  M'  (F'  +  m'  D)«  e  +  M'^  (F'  -f  n/'F  +  m'^m'T^y  e  +,  &c. 
^Vcrf.  In  the  case  of  two  surfaces,  supposing  M  =r  1,  or  in  the  case  of  a  single  lens  in  vacuo,  this  gives 

(*) 


system  of 
surfaces  se- 
parated by 
small  finite 
intenals. 


1 


/=  (;»  -1)  (R'  -  R'O  +  D  +  —  {  0*  -  1)  R'  +  D  }  «  <. 
^^'^^r  parallel  rays,  tliis  becomes 

P  =  (^  -  1)  (R'  -  R")  +   ^''-^^'   R'« .  t; 


(0 


271. 
Case  of  a 
single  leK 
of  small  lat 
finite  thick- 
ness. 


^  ^^Bg  here  put  for  ^,  the  interval  between  the  surfaces  or  total  thickness  of  the  lens. 

Problem.  To  determine  the  foci  of  a  lens,  whose  thickness  its  too  considerable  to  allow  of  any  of  its  powers      272 

^eififf  negUded.  Focus  of  i^- 

Here  we  must  take  the  strict  formulae  lens  of  any 

X'  thickaefli. 

iy=D;         jy'czjl—--        f:=ii\  -mOR'  +  m'D;         and /^  = '1  -  wt'O  R'' +  wi'^ D" 
1—/  t 


Hie  latter  equation  g^ves,  on  substitution,  and  recollecting  that  mf  =  —  =  m  and  mf'  =:  jti. 
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vi5^  0»-l)(R'-R'0  +  D+ -^5-=^{0.-l)R'  +  D}R"« 

/  =  //= 1 ;  (,) 

1-  — {O'-DR'  +  D}* 

and  for  parallel  rays 

!:._   /.0.--l)(R^-R'0  +  0»-l)»R^R^^< 
'  -  /» -  < .  0.  -  1)  R' 

273.  Example  1.  To  determine  the  fod  of  a  tphere. 

Foci  of  a 
iphera.  jjg^  R"  =  -  R'  =  -  R ;        <  =  -5- ;        and  the  equations  («)  and  (t>)  become 


(") 


(2^-2)R+(2-/>)D  „_    2/»-2    _ 

^-  (2-/.)R-2D  *»         *^-T37r-^ 


(w) 


274.  Coro/.  1.  If />  =  2,  for  instance,  these  values  become 


R« 
/=_;        F=co. 

In  this  case,  then,  since  /and  F  express  the  proximities  of  the  foci  to  the  posterior  sur^e  of  the  sfdiere,  w^ 
see  that  the  focus  for  parallel  rays  falls  on  this  surface,  and  that  in  any  other  case  (as  in  fig.  51  and  52)  q  is  giiefli 

by  the  proportion  Q  C  :  CE  : :  E  H  :  Hg. 

275.  Corol.  2.  Whatever  be  the  value  of  /s  the  focus  for  parallel  rays  afler  the  second  refraction  bisects  the  distaae 
between  the  posterior  surface  of  the  sphere,  and  the  focus  afler  the  first  refraction. 

276.  Example  2.  To  determine  the  foci  of  a  hemisphere,  in  the  two  cases ;  first,  when  the  convex,  secondly,  i 
Foci  of  a     the  plane  surface  receives  the  incident  light, 
hemisphere.  I 

Inthe  first  case, R'=sR;         R''=0;  <  =  -=-:  therefore  we  find 

277.  In  the  other  case,  when  the  rays  fidl  first  on  the  plane  side,  R'  =  0,  R"  =:  —  R,  and  <  =  — - ,  so  that 

QHQ  If  the  thickness  of  a  spherical  segment  exposed  with  its  convex  side  to  the  incident  rays  be  to  the  radiu 

M  I  1 

/ftto/i—  1,  orif<=  "Zn. '  "bT  ^  (T^ — Tr'  *°^  ^"  ^  ^*  ^^  expressions  (u)  and  (r)  become 

/=-0*-l).^{0.-.l)R+D}:         F=« 

In  this  case  the  focus  for  parallel  rays  falls  on  the  posterior  surface  of  the  segment. 

279.  In  general,  for  any  spherical  segment,  if  exposed  with  its  convex  side  to  the  rays,  R"  =  0,  and 
Focus  of  ^,x«.»^  ^,v« 
anyspheri-                                                f=ix               0*  "  1)  R  +  D                                           /i  (/i  -  1)  R 
calsegment,                                               /              /*  +  {  (/*  -  1)  R  +  D  }  <  *                           ^  +  (ji-^l)Rt 
convex  side                                                              c        %.  ^           '^                  j  vr-  ^ 

fi"'-     . .     If  the  plane  side  be  exposed  to  the  rays 

Plane  side  n 

280.  If  R'  :=  R",  or  if  the  lens  be  a  spherical  lamina  of  equal  curvatures,  the  one  convex,  the  other  concave, 
Focos  of  a 
sphericJ  ^D+(^-l){0>-l)R+D}R<  (/.  -  1)»  R«  t 

of'«„J  ^~  /.-{0.-l)R+D}<  '  -M-0»-l)R<- 

can'atores. 
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Light  Case  2.  In  reflectors,  m  =  /i  =  —  1,  and 

lateral  aberration 
which,  for  parallel  rays,  become 


Case  of 
reflectors. 


R(R-D)«       X 
-         (8R-D)»    '   J.; 

ion  =  -  i  (R  -  D)*  y  V 


fe) 


A/=R'y*; 


=  -iRy«j 


lateral  aberration  =  —  J  R*  y* 


w 


In  the  general  c»9e,  if  we  put  either  D  p=  R,  or 

m  R  —  (1  +  m)  D  =  0,  which  gives  D  = 


^=o.+i).4-. 


288. 
Aberration 
shortens  the 
focus  for 
parallel  rays 

289. 
Effect  of 
aberration 
in  other 
cases. 
Fig.  64. 

290. 


287. 

Aptan^c  m 

fod  defined  m  R  —  (1  +  m)  D  =  o,  which  gives  D  =  — -— •  R ; 

aAd  toVte-  w  +  I 

tigated.  the  value  of  A  /»  ^^^^  therefore  of  the  aberration,  vanishes.  The  former  case  is  that  of  rays  converging  to 
the  centre  of  curvature,  in  which,  of  course,  they  undergo  no  refraction.  In  the  latter,  the  point  is  the 
same  with  that  already  determined.  Art.  234.  It  is  evident,  from  what  was  there  demonstrated,  that  every 
spherical  surface,  C  P,  has  two  points  Q,  q  in  its  axis,  so  related,  that  all  rays  converging  to  or  diverging  from 
one  of  them,  shall  afler  refraction  rigorously  converge  to  or  diverge  from  the  other.  These  points  maybe  called 
the  aplaruUicfoci  of  the  surface ;  and,  to  distinguish  them,  Q  may  be  called  the  aplanalic  focus  for  incident,  and 
q  for  refiracted  rays.     To  find  them  in  any  proposed  case,  in  the  ai^is  of  any  proposed  surface  C,  and  on  the 

concave  side  of  the  surface,  take  C  Q  =:  (/i  +  1)  X  radius  C  E  of  the  surface,  and  C^=  ( hlj  x  radius. 

Then  will  Q  and  q  be  the  aplanatic  foci  required.  In  the  case  of  reflexion,  when  /»  =  —  l,CQ=:Cg=0,  a^d 
both  the  aplanatic  foci  coincide  with  the  vertex  of  the  reflector. 

Let  us  next  trace  the  effect  of  aberration  in  lengthening  or  shortening  the  focus,  for  all  the  varieties  of  position 
of  the  focus  of  incident  rays ;  and,  first,  when  D  =  0,  or  for  parallel  rays,  A  /is  of  the  same,  and  therefore  s» 
of  the  contrary  sign  with  R,  and  therefore  with  F,  which  is  equal  to  (1  —  m)  .  R.  Hence  it  b  evident,  that  the 
effect  of  aberration  in  this  case  ipust  be  to  shorten  the  focus  of  exterior  rays. 

Q  in  this  case  is  infinitely  distant.  As  it  approaches  the  surface,  or  as  the  rays  fiom  being  parallel  become 
more  and  more  convergent,  or  divergent,  the  aberration  diminishes ;  but  the  focus  of  exterior  rays  is  still  always 
nearer  the  surface  than  that  of  central,  till  Q  comes  up  to  the  aplanatic  focus  A  for  incident  rays  on  the  concaoe^ 
or  to  Uie  focus  F  of  parallel  rays  on  the  convex  side.  When  Q  is  at  the  former  of  these  points,  the  abenation  is 
0  ;  at  the  latter,  infinite. 

When  Q  is  situated  anywhere  between  these  points^  however,  the  reverse  is  the  case,  and  the  effect  of  aben% 
tion  is  to  throw  the  focus  for  exterior  rays  farther  from  the  surface  than  that  for  central  ones.  These  results  are 
easily  deduced  from  the  consideration  of  all  th^  particular  Qases,  and  hold  good  for  all  varieties  of  curvatuxe,  ^mt. 
for  refracting  media  of  all  kinds.  In  reflectors,  the  aplanatic  foci  coincide  with  the  vertex.  In  these,  the  focus 
for  exterior  rays  is  shorter  than  for  interior  in  every  case,  except  when  the  radiant  point  is  situated  between  the 
surface  and  the  principal  focus  on  the  concave  sidie  of  tKe  reflecting  surface ;  but  between  these  points,  longer. 

Problem.    To  determine  the  aberrations  of  any  syster^  of  spherical  refracting  surfaces  placed  dose  together^ 

Retaining  the  notation  of  Art.  257,  let  us  suppose  the  ray,  aller  passing  through  the  first  surface,  to  be  incident 
on  the  second.  Its  aberration  at  this  will  arise  ficom  two  distinct  causes :  first,  that  after  traversing  the  first 
surface,  instead  of  converging  to  or  diverging  from  the  focus  for  central  rays,  its  direction  was  really  to  or  firom 
a  point  in  the  axis  distant  from  that  focus  by  the  total  aberration  of  the  first  surface  ;  and,  secondly,  that  being 
incident  at  a  distance  from  the  vertex  of  the  second  sur&ce,  a  new  aberration  will  be  produced  here,  which  (bemg, 
as  well  as  the  other,  of  small  amount)  the  principles  of  the  differential  calculus  allow  us  to  regard  as  independent 
of  it,  and  which  being  computed  separately,  and  added  to  it,  gives  the  whole  aberration  of  the  two  surfoces 
regarded  as  a  system.  The  same  is  true  of  the  small  alterations  in  the  values  of/',  /",  &c.  produced  by  the 
aberrations.  If  then  we  denote  by  5/"  the  change  in  the  value  of/",  produced  by  the  action  of  the  first 
surface,  and  by  5'/",  that  arising  ii^unediately  from  the  action  of  the  second,  and  by  A  /",  the  total  alteration 
produced  by  both  causes,  we  shall  have 

A/''=«/"+a'/" 

Now,  first,  to  investigate  the  partial  alteration  3/'  arising  from  the  total  alteration  A/'  in  the  value  of/',  or 
from  the  aberration  of  the  first  surface,  we  have 

/"  =  (1  -  m)  .  R"  +  m"/',  and  therefore  a/"  =  m"  a/', 
since,  in  this  case,  D'  =  D,     D"  =  /',     D'"  =  /",  &c. 

Again,  to  discover  the  partial  variation  6'/"  in  /",  arising  immediately  from  the  action  of  the  second  surfiice, 
we  have,  by  the  equation  (c)  at  ouce,  putting/'  for  D",  and  neglecting  y*,  &c. 

^'/'^=    ^"^^^"-^'>    (R''-/')Mm''R''-(l;-fm'0/4y^ 
but  we  have,  by  the  same  equation,  also 

a/"  =  m^^A//=    m^^m^(l~m-)    (r.  ,  py  ^  ^/r/ .  ^^  ^  ^^  p  |y.^ 


291. 

Aberration 
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light.     Now  it  has  been  shown,  (Art  261,)  that  0*  —  1)  (R'  —  R")  expresses  the  power  of  the  lens,  so  that,  putting  L 
^— 'Ny'*^  for  this,  we  have 

A/=  ^  (a-/3D  +  7DO  y\  (m) 

2/» 

Such  then  is  the  general  expression  for  A/  the  fundamental  quantity,  from  which  the  aberration  w  may  be  had 

A/ 
in  any  \ea&  by  the  equation  «  = j^. 

294  CoroL  1.  The  aberration  of  a  lens  vanishes  when  D  is  so  related  to  R',  R"  and  ^  as  to  give 

of  A  single 

lens  can  be  Now  we  find,  by  substitution  and  reduction, 

"aJifuh!*  /3«-4a7=;t«{(R'  +  R")*-(2/*  +  8A*«)(R'-R'0»} 

and  unless  this  quantity  be  positive,  that  is,  unless 

R'+  R"\V 


(1^')    >«A*  +  3,-  (0) 


the  focus  of  incident  rays  cannot  be  so  situated  as  to  render  the  aberration  nothing.  But,  if  the  curvatures  R' 
and  R^'  of  the  surfaces  be  such  as  to  satisfy  this  condition,  the  value  of  D  may  be  calculated  at  once  from  the 
equation  (Ar.) 

295.  Corol.  2.  Whenever,  in  meniscus  or  concavo-convex  lenses,  the  difference  of  the  curvatures  of  the  sur&ces  is 
small  in  comparison  with  their  sum,  that  is,  whenever  a  moderate  focal  length  is  produced  by  great  curvatoresp 
the  aberration  admits  of  being  rendered  evanescent  by  properly  placing  the  focus  of  incident  rays.  In  a  lens  of 
crown  glass  where  ^  :=  1.52,  we  have  ^^2;*  +  3  ^*  =  3.16;  therefore  the  sum  of  the  curvatures  must  be  at  leltst 
3.16  times  their  difference,  to  satisfy  the  condition  of  possibility.  In  double-convex  or  double-concave  lenses,  R' 
and  R''  having  opposite  signs,  the  condition  can  never  be  satisfied. 

296.  Corol^  3.   If  a  =  0,  the  aberration  vanishes  for  parallel  rays.     This  condition  is,  however,  only  to  be  saiisfied 
No  known   ^J  ^^^  values  of  R'  and  R,''  when  fi  is  equal  to  or  less  than  ^,  and  no  such  media  are  known  to  exist 

inedlam  can  Corol.  4.  The  effect  of  aberration  will  be  to  shorten  or  lengthen  the  focus  for  exterior  rays,  according  as  the 
render  the  sign  of  A  /is  the  same  as,  or  the  opposite  to,  that  of/.  In  particular  cases  it  will,  of  course,  however,  d^end 
noiSng  for  ®°  ^®  values  of  /s  R,  R',  and  D  which  shall  take  place.  The  principal  case  is  that  of  parallel  rays,  in  which 
parallelraysl>  =  ^»  and 

CaSi  A/=-|^.L{(2-.2/4«  +  ^')R'«+0*  +  2/»«-2Ai')R'R"  +  A»'R"M 

which  the  ^ 

*h*rte^**"  and  the  focus  of  external  rays  will  be  shorter  or  longer  than  that  of  central  ones,  according  as  this  quantity  has 

lengthens'  ^®  9ame^  or  opposite  sign  with  L,  that  is,  according  as 

**  ^'^**  (2  -  2  ;t«  +  A*0  R'*  +  0*  +  2  A**  -  2  /tO  R'  R"  +  /*'  R''* 

is  positive  or  negative.     Now,  from  what  we  have  already  seen  in  the  last  corollary,  this  quantity  never  can  be 

rendered  negative  by  any  real  values  of  R'  and  R",  unless  fi  be  less  than  J.     For  all  other  media,  therefore, 

(comprehending  all  yet  known  to  exist  in  nature,)  every  lens,  whatever  be  the  curvatures  of  its  surfaces,  has  the 

exterior  focal  length  for  parallel  rays  shorter  than  the  central. 

298.  CoroL  5.   In  a  glass  meniscus^  when  the  radiant  point  is  on  the  convet  side,  and  the  rays  diverge^  we  ha^e 

Case  of  a    4-H3/»  —  3^«a  positive  quantity ;  and,  R'  and  R"  being  both  positive,  /3  is  so ;  hence  (D  being  negative  In 

glass  this  case)  the  term  —  /3D,  and  therefore  the  whole  factor  a  — /3D  +  7D«  is  positive;    and  L  being  also 

meoiscus.     positive,  A/ is  so;    and,  therefore,  w,  the  aberration,  negative.      Hence,  when  Q  is   beyond   F,  the  focus 

for  parallel  rays  incident  the  other  way,  the  exterior  focus  is  the  shorter ;   but  when  between    F  and  C,  the 

longer. 

(pi    I    pli    V  4 
-Wi 57r  )     >  2  /»  +  3  /»«,  no  real  value  of  D  can  render  n  — /3D  +  7D»  negative. 
,....^  .V.  .                                       R  -  R    y 

oVhwiMs  to      ^'  appears,  therefore,  that  in  all  double-convex  or  concave  lenses,  as  well  as  in  all  meniscus  and  concavo-convex 

effect^of  °"^'  ^^  which  the  sum  of  the  curvatures  of  the  suffeces  is  greater  than  v'  2  )b  +  3  ;*«  times  their  difference,  the 
aberration  ^^^^^  a  —  ^  D  +  7  D*  is  positive  for  all  values  of  D,  and  therefore  the  aberration  to  has  in  all  such  lenses  the 
in  lengthen-  sign  opposite  to  that  of  L.  Hence,  for  all  such  lenses,  we  have  the  following  simple  and  general  rule :  the  effhd 
ing  or  sliort-  of  aberration  uoiU  he  to  throw  the  focus  of  exterior  rays  more  towards  the  incident  light  than  that  of  central 
ening  tne  ones,  when  the  lens  is  of  a  positive  character^  or  fnakes  parallel  rays  converqe,  but  more  prom  the  incident  isgkt 
**^"*'  if  of  a  negative,  or  if  it  caitse  parallel  rays  to  diverge. 

300.  Corol.  7.  All  other  lenses  have,  as  in  the  case  of  single  surfaces,  aplanatic  foci,  corresponding  to  the  roots  of 

the  equation  a--/3D  +  7D*  =  0.     In  general  there  are  two  such  foci  of  incident  and  two  of  refracted  rays :  and 


390  L  I  G  II  T. 

tifht     that  is  to  say 

R'    "    2 /»«+/*     •  ^^^ 

In  the  case  of  a  glass  lens,  taking  /» s  1.5,  this  fraction  becomes  equal  to  —  -^-,  which  shows  that  the  leim 

o 

must  be  double-convex,  having  the  curvature  of  the  posterior  surface  only  —  that  of  the  anterior^  or  its  radius 

six  times  as  great.     Artists  sometimes  call  such  a  lens  a  **  crossed  lens" 

806.  CoroL  1.  If /t=  1.6S61,  as  is  nearly  the  case  with  several  of  the  precious  stones  and  the  more  refractive 
w?*h"th*  •glasses,  R''  =  0 ;  and  the  most  advant^eous  figure  for  collecting  all  the  light  in  one  place  is  plano-convex, 
form  ii        having  its  convex  side  turned  to  the  incident  rays. 

piano*  15 

convex.  CoroL  2.  Calling  the  aberration  of  a  lens  of  the  best  figure  a;,  we  shall  have  to  = —  y^  •  L,  for  gfass 

807.  ^* 
Abemtions  whose  refractive  index  is  1.5,  and  the  proportional  aberrations  of  other  fovns  will  be  as^ follows: 
of  Tariooi 

speciei  of  Plano-convex,  plane  side  first  (or  towards  the  light)    4.2  x  « 

mined  for  "  Plano-convex,  curved  surface  first 1.081  x  « 

parallel  rays  Double  equi-convex^  or  concave    1.567  x  » 

808.  Prohhm^  To  irvoesHgate  a  general  expression  for  the  aberration  of  any^  sjftiem  cf  iai^MMy  thin  leme9  pUned 
ofTTite    <^^^M^^f^*n  vacuo. 

of  lenses. "      Th®  general  expression  for  MA/,  or,  since  M  =  1  in  the  case  before  us,  of  A  /,  is 

which  divides  itsdf  into  terms  originating  with  the  successive  lenses  in  the  fblloiiring  manner, 

A/=  (Q'  +  0^0^*  +  (Q'"  +  Q*0  y«  +•  &C, 

The  first  of  these  quantities  we  have  already  considered ;  let  us  now,  therefore,  examine  the  constitution  ^  th€ 
rest  Let  then  /»'  be  the  refractive  index  of  the  first  lens,  /J^  of  the  second,  /»^'^  of  the  third ;  and  let  o^,  ^^  ef 
represent  the  values  of  a,  /3,  7  for  the  first  lens,  or  the  expressions  in  (Z,  292,)  writing  only  fi'  fbr/t;  also  leK 
<^  >  i^^  7'^  represent  their  values  for  the  second  lens,  or  what  the  same  expressions  become  wiien  /ti^'is  pat  for  fii 
and  R'"  and  R^^  respectively  for  R'  and  R^^  and  so  on  for  the  rest  of  the  lenses.  « 

809.  Now  if  we  consider  the  values  of  Q'''  and  Q*\  it  will  be  seen  that  they  are  composed  of  the  quantities  m"*, 
m^  M'",  M^  R"',  R»%/"  and/"',  precisely  in  the  same  manner  that  Q'  and  Q"  are  of  m',  m",  M'.  M",  R\  B^\ 
Dand/'. 

Moreover,  since  by  Art.  251  we  have 

/'  =  (l-m^R*  +m'D 
/"  =  (1  -  m")  R"  -h  mf'  f 

=  (1  -  m")  R"  +  m"  (I-mO  R'  +  m"  m'  D 

=  0*  -  1)  (R'  -  R")  +  D,  since  m'  =  — ,  m'  =  /». 

=  L  +  D ;  call  Uiis  D";  (L  is  the  power  of  the  first  Iwis) 
/"•  =  (1  -  m'")  R'"  +'m'"D" 
/i^  =  (1  -  m»^)  R«*  +  m»\r'  =  L"  +  D^  as  before;  (I/r  is  the  power  of  the  second  leasy 

=s  L  +  1/  +  D ;  and  so. on.* 

And  it  is  clear  that  Q'"  +  Q*^  will  be  the  same  Junction  of,  t.  e.  similarly  composed  of,  the  refractive  index  and' 
curvatures  of  the  surfaces  of  the  second  lens,  and  of  the  quantities  D"  and  /'",  that  Q'  -h  Q"  is  of  the  re- 
fractive index  and  curvatures  of  the  first  lens,  and  of  D  and  /'.  It  follows,  therefore,  that  the  very  samr 
system  of  reductions  which  led  to  the  equation 

being  pursued  in  the  case  of  Q'"  -f-  Q^%  must  lead  to  the  precisely  similar  equation 

Q'M  +  Q  W  =  JiL  (a"  -  /3"  D"  +  7"  D"») 

General       ^^^  ^  ^^  ^^^  ^^  remaining  lenses ;  so  that  we  shall  have,  ultimately,  for  the  whole  system  (writing  L',  ly,  ^ 
exprcisioD     for  L,  D,  /») 

^"  "•  A  /=  -^'  {  ~  («'  -  /3'  D-  +  7'  n'«)  +  ^  («"  -  /S"  D"  +  7"  D"«)  +  &c.  [ ;  (,) 

in  which  there  are  as  many  terms  as  lenses; 
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Light  screen  full  of  small  round  holes,  regularly  disposed,  and,  exposing  it  to  the  sun,  receiving  the  eonveiged  nrs 
v^piyii^^  on  a  white  paper  behind  the  lens,  which  should  be  first  placed  very  near  it,  and  then  gradually  withdrawn.  The  ^ 
pencils  which  pass  through  the  holes  will  form  spots  on  the  screen,  and  their  disposition  will  become  more  and 
more  unequal  over  the  surface,  as  the  screen  is  Airther  removed ;  those  at  the  circumference  becoming  crowded 
together  before  the  central  ones.  The  manner  in  which  the  several  spots  corresponding  to  central  rays  blend 
together  into  one  image  at  the  focus,  and  those  formed  by  the  exterior  ones  are  scattered  round  it,  g^ves  us  a 
very  good  idea  of  the  variation  of  density  of  the  rays  in  the  circle  of  aberration  at  or  near  the  principal  focus ; 
and  if  the  white  screen  be  waved  rapidly  to  and  fro  in  the  cone  of  rays,  so  as  to  pass  over  the  focus  at  each 
oscillation,  the  whole  cone  will  be  seen  as  a  solid  figure  in  the  air,  and  the  place  of  the  circle  of  least  aberra- 
tion will  become  evident  to  the  eye,  forming  altogether  a  very  pleasmg  and  instructive  experiment. 

§  XI.   Of  the  Foci  for  Oblique  Rayt^  and  of  the  Formation  of  Images, 

318.  We  have  hitherto  considered  rays  as  converging  to,  or  diver^ng  from,  a  single  point;  but  as  this  is  not 

the  case  with  luminous  bodies  of  a  sensible  diameter,  we  now  proceed  to  examine  the  cases  of  refraction  at 
spherical  siufaces,  where  more  than  one  radiant  point  is  concerned,  or  where  several  pencils  are  incident  at 
once  on  the  surface.  We  shall  take  for  our  positive,  or  fundamental  case,  as  we  have  done  all  along,  that  of 
converging  rays  incident  on  the  convex  side  of  a  more  refractive  medium  than  the  ambient  one,  and  derive  all 
others  from  it  by  the  changes  in  the  sig^  and  relative  magnitudes  of  R,  D,  &c. 
Foci  of  In  fig.  56,  then,  let  Q  and  Q^  be  the  foci  of  two  pencils  of  convergent  rays  incident  on  the  spherical  aorfiiee 

oblic^ue        C  C^  whose  centre  is  E.     Draw  Q  E  C,  Q'  E  C,  cutting  the  surface  in  C  and  C,  and,  regarding  C  E  Q  as  the 


pencils. 


axis  of  the  pencil  R  Q,  S  Q,  T  Q,  the  focus  of  refracted  rays  will  be  found  by  taking  g,  such  as  that  — — ,    or 

/,  shall  be  equal  to(l— m)R  +  mD,  (247,  e.)     Similarly,  regarding  C'E  Q'  as  the  axis  of  the  pencil  con- 
verging to  Q^  the  focus  q'  will  be  had  by  the  equation 

^  J  =/'=.(l-m)R  +  miy. 


aq^ 


Thus  when  C^  Q^  =  C  Q,  C  9^  will  also  equal  C  9,  and,  in  general,  when  the  locus  of  the  point  Q  is  g^ven,  that 

of  9  may  be  found. 

319.  Definition.  The  image  of  an  object,  in  Optics,  is  the  locus  of  the  focus  of  a  pencil  of  rays  diverging  from. 

Images  in    or  converging  to,  every  point  of  it,  and  received  on  a  refracting  surface.     Thus,  supposing  C  Q'  to  be  a  line, 

definwl        ^^  surface,  every  point  of  which  may  be  regarded  as  a  focus  of  incident  rays,  9  g'  is  its  image. 

320^  Problem,    To  find  the  form  of  the  image  of  a  straight  line  formed  by  a  spherical  refracting  or  reflecting 

Form  of  the  nirface,  

im«geofa       p^t  C  E  =  r;        CQ  =  a;        EM  =  x;        Mo'  =  y;        E /=  \/a;« +y«;        CQ'so'. 

ilrwght  line  ^        if  '  *  a 

Then  we  have  ^^1 1-m  m     _  {\--m)a'  +  mr 

CV   ""       r       ■*■      a'     ""  ra'  ' 

and  therefore 

m^^  Tof p,._         mr{d-r) 


(1  —  m)  fl'  +  m  r  *  ^         (1  —  m)  c/  +  m  r  ' 

we  have,  consequently, 

^    ^y  {(1  -  m)a'  +  mr)« 

But,  by  similar  triangles,  E  9' :  E  M  : :  E  Q^ :  E  Q,  or 


equating  these  two  values  we  get 


Is  a  con 
•ectioD. 


a    _     (1—  m)tf'+mr  .  _     m  r  (a  ^  x) 

X    ^  m  r  *  ""  1  —  m  *  x  * 

so  that  eliminating  a^  by  substituting  this  value  for  it,  we  get  for  a  final  equation  between  *  and  y,  or  for  the 
equation  of  the  image 

(1  -.  m)«  (»«  +  y«)  =  (-^ )* .  (m  a  - x)« 

which  belongs  to  a  conic  section. 

821.  Problem.    When  an  oblique  pencil  is  incident  en  any  system  of  spherical  surfaces,  f^find  ithi^  /ocum  k^ 

rtfraded  rays. 
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latter  situation  the  emeried  glass  may  eren  be  removed  altogether,  and  the  image  will  still  be  seen,  and  even  more 
distinctly,  as  if  a  real  object  stood  in  the  place  in  all  respects  similar  to  the  picture.  N^ 

We  may  examine  the  image  on  the  roughened  glass  with  a  magnifying  glass,  or  microscope.  It  will  theii 
appear  as  a  delicate  painting,  accommodating  itseU*  to  all  the  inequalities  of  the  surface.  But  if,  in  the  act  of 
so  examining  it,  the  rough  glass  be  removed,  the  painting  remains  as  if  suspended  in  air,  and  the  objects  it 
represents  are  seen  brought  nearer  to  the  eye,  and  enlarged  in  their  dimensions.  In  short,  we  have  foimed  a 
telescope. 
833,  If  the  lens  used  to  form  the  image  be  a  concave  one,  or  if  a  convex  reflector  be  used,  as  in  fig.  64  and  6Si» 

the  rays,  after  reflation  or  reflexion,  diverge,  not  from  any  actual  points  in  which  they  cross,  but  from  points 
in  which  they  would  cross  if  produced  backwards.  There  is  in  this  case,  then,  no  real  image  formed  capable 
of  being  received  on  a  screen,  but  what  is  called  a  virtual  one,  visible  to  the  eye  if  properly  situated,  either  un- 
assisted or  aided  by  a  magnifier,  and  situated  on  the  same  side  of  the  lens,  or  on  the  contrary  side  of  the  reflector 
with  the  object,  and  therefore  ered. 

334.  The  perfection  of  the  image  formed  by  a  lens  or  reflector,  its  exact  resemblance  to  the  object,  and  the  distinot- 
ness  of  its  parts,  will  depend  on  the  exact  convergence  of  all  the  rays  of  pencils  emanating  from  every  physical  - 
point  of  the  object  in  strict  mathematical  points,  or  in  as  near  an  approach  to  such  points  as  may  be.  H 
therefore,  a  lens  of  considerable  diameter  be  used,  especially  if  the  curvatures  of  its  sur&ces  be  improperly  chosen 
so  as  to  produce  much  aberration,  the  image  will  be  confused ;  for  each  point  of  the  object  will  fbnn,  not  m 
point,  but  a  small  circular  spot  in  the  image,  over  which  the  rays  are  difiused ;  and  as  these  spots  overlap  vai 
encrottch  on  each  other,  distinctness  is  destroyed.  For  the  formation,  therefore,  of  perfect  imfures,  the  destifio^ 
tion  of  aberration  is  the  essential  condition ;  and  whatever  imperfections,  either  in  the  figures  of^the  reflectin|^spr 
refracting  surfaces  used,  or  in  the  materials  of  which  they  are  composed,  tends  to  throw  the  rays  aside  from  t^cir 
strict  geometrical  direction,  must,  of  course,  confound  the  images.  Hence,  in  the  formation  of  optical  images^ 
there  are  three  great  points  to  be  attended  to :  first,  perfect  polish  of  the  surfaces ;  secondly,  perfect  homogen^^ 
in  the  material  employed ;  thirdly,  strict  conformity  in  the  figures  of  the  reflecting  and  refracting  surfaces  to 
geometrical  rules,  and  the  results  of  analysis. 

335.  There  is  one  case  where  the  aberrations  of  all  kinds  are  rigorously  destroyed,  and  in  which  the  image  is  perfect. 
It  is  when  the  rays  are  reflected  at  a  plane  surface.  For  (^.  66)  if  P  Q  be  an  object  placed  before  a  pUuie 
reflector  A  B,  and  if  perpendiculars  be  let  fall  firom  every  point  of  the  object  to  the  suHace,  and  on  the  other  ude 
points  in  these  be  taken  at  the  same  distances  respectively  behind  the  surface  as  p,  q,  these  points  will  form  Ihs 
image.  Now  we  have  seen,  that  all  rays  from  any  point  P,  reflected  at  A  B,  will  afler  reflexion  diveige  strictly 
from  p  its  image.  Thus,  the  image  is  as  perfect  and  free  from  aberration  as  the  object ;  and  will  appear,  to  ah 
eye  placed  so  as  to  receive  the  rays,  like  a  real  object  placed  behind  the  reflector. 

336.  CoroL  The  image  formed  by  a  plane  reflecting  surface  is  similar  and  equal  to  the  object,  and  any  correspond- 
ing lines  in  both  are  equally  inclined  to  the  reflecting  surface.  A  common  looking-glass  is  the  best  illustration 
of  this  case. 

337.  Proposition.  To  determine  the  image  of  any  object  formed  by  a  plane  refracting  sur&ce.  Let  B  C  be  the 
surface,  P  Q  the  object  From  any  point  Q  draw  Q  C  perpendicular  to  the  sufface,  and,  /»  being  the  index  of 
refraction,  if  we  regard  the  surface  as  a  sphere  of  infinite  radius,  we  have  R  its  curvature  =:  0,  and  the  equation 

/=  (1 -m)R-hmD  becomes  simply /  =  mD.    Now/  =  — -;    D  = -777- ;    and m  =  — .     Hence 

Qq  CQ  fk 

this  equation,  translated  into  geometrical  language,  gives  C  g  =  ^  X  C  Q. 

338.  In  the  case  represented  in  the  figure,  the  refraction  is  made  out  of  a  denser  medium  into  a  rarer,  the  olgect 
being  immersed  in  the  denser  (as  under  water),  and  the  eye  of  a  spectetor  in  the  rarer  (as  in  air)  ;  the  image  9  of 
the  point  Q  is  therefore  nearer  the  surface  than  Q,  (because  in  this  case  /» is  less  than  unity.)  The  same  holds 
good  of  all  other  poinU  of  the  image ;  so  that  the  whole  object  will  appear  raised  by  refraction,  as  in  the  familifir 
experiment  where  a  shilling  is  laid  in  an  empty  vessel,  and  the  eye  withdrawn  till  the  shilling  is  hidden  by  the 
edge,  but  reappears  again,  as  if  raised  up,  when  the  vessel  is  filled  with  water.  On  the  other  hand,  Co  an 
eye  placed  under  water,  external  objects  would  appear  farther  removed  by  the  effect  of  refraction. 

339.  CoroL  1.  The  image  of  a  straight  line  PQ  in  the  object  is  a  straight  linejpg  in  the  image,  less  inclined  to 
the  surface  if  the  refiraction  be  made  firom  a  denser  into  a  rarer  medium.  Thus,  if  a  stick  D  APQ  be  partly 
plunged  into  water,  the  immersed  portion  A Q  forms  the  image  Ag  less  inclined;  so  that  to  a  spectator  in  air, 
the  stickappears  broken  and  bent  upwards  at  A.     The  appearance  is  familiar  to  every  one. 

340.  In  refiwjtion  at  a  plane  surface,  however,  the  rays  do  not  rigorously  diver^  from,  or  converge  to,  a  single 
point.  Therefore  the  above  result  is  only  approximately  correct,  and  supposes  the  rays  to  be  incident  nearly  at 
right  angles  to  the  surface.  And  this  leads  us  to  the  consideration  of  oblique  vision  through  refracting  surfiues. 
or  m  reflectors  of  any  figure. 

34 1 .  The  e^  sees  by  the  rays  which  enter  it,  and  judges  of  the  existence  of  an  object,  by  the  fact  of  rays  divewing 
Oblique  sensibly  firom  some  point  in  space.  If,  then,  rays  diverge  rigorously  fix)m  a  point,  the  eye  which  receives  them 
th'il^re  -fi  'T^^'^^'^'y  ^^  to  the  belief  (unless  corrected  by  experience  and  judgment)  of  an  object  being  there;  the 
fracSg  or  "^^sion  IS  complete,  and  vision  perfect.  But  if  such  divergence  be  only  approximate,  as  when  the  density  of  the 
reflecting  ^If  ^*?'cb  reach  the  eye  in  any  one  direction  is  very  much  greater  than  in  directions  adjacent  on  eith^  aide» 
furfwes  of  vision  IS  sUll  produced,  only  less  distinct,  in  proportion  to  the  degree  of  deviation  fix)m  strict  mathematical 
any  figure,  divergence  of  the  rays  which  produce  it.    Suppose,  now,  Q  to  be  a  radiant  point  placed  anywhere  with  respect 

totiier^^ingor  reflectingsurfiuje  AC  B,  (fig,  68,)  and  let  A9PB  be  the  caustic  formed  by  the  intersection  of 
all  the  refracted  or  reflected  rays.    Let  us  suppose  an  eye  placed  at  E,  and  firom  thence  draw  E  9  a  tangent 


LIGHT. 


Light 


magiutiide  of  the  lens  seen  from  the  image,  alone,  whatever  be  the  dietanee  of  the  object    Now  the  apparent     ^ 
magnitude  of  the  lens  seen  from  the  image  is  always  much  less  than  a  hemisphere.    Therefore  (even  supposing  ^*'"** 


no  Tlg^t  lost  by  reflection  or  refraction)  the  illumination  of  the  image  is  always  much  less  than  that  of  the  object. 
Thb  is  the  case  when  the  image  is  lecdred  on  a  screen  which  reflects-  all  the  rays,  or  when  viewed  by  an 
eye  behind  it  having  a  pupU  large  enough  to  receive  all  the  rays  which  have  crossed  at  the  image,  d  fortiori^ 
then,  when  the  eye  does  not  receive  all  the  rays^  must  the  apparent  intrinsic  brightness  be  less  than  that  of  the 
object  Diis  supposes  the  object  to  have  a  sensible  magnitude ;  but  when  both  the  object  and  its  image  are 
physical  points,  the  eye  judges  only  of  absolute  light ;  and  the  light  of  the  image  is  therefore  proportional  to  the 
iqpparent  magnitude  of  the  lens,  as  seen  from  the  object  In  the  case  of  a  star,  for  instance,  whose  distance  is 
Stir  oUects  'constant,  the  absolute  light  of  the  image  is  simply  as  the  square  of  the  i4>erture,  and  this  is  the  reason  why  stare 
can  be  seen  in  large  telescopes  ^ich  are  too  &int  to  be  seen  in  small  ones. 


Imign  are 
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Descriptioa 
of  the  eye. 
Fig.  70. 

Aqueous 
humour. 
Its  compo- 
sition. 
Kefnustive 
power. 
Comcu. 
Its  figure 
aaellipsoSd 
of  rerohip 
tioo. 
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Iris. 


352. 

Crystalline. 
lU  figure. 


Refraction. 
Non-coinci- 
dence of  the 
axes  of  its 
surfaces. 


It  is  by  means  of  optical  images  that  vision  is  performed,  that  we  see.  The  eye  is  an  assemblage  of  lenses 
which  concentrate  the  rays  emanating  from  each  point  of  external  objects  on  a  delicate  tissue  of  nerves,  called 
the  retina,  there  forming  an  image,  or  exact  representation  of  every  object,  which  is  the  thing  immediatdy  pci^ 
ceived  or  fdt  by  the  retina. 

Fig.  70  is  a  section  of  the  human  eye  through  its  axis  in  a  horizontal  plane.  Its  figure  is,  generally  speaking*, 
spherical,  but  considerably  more  prominent  in  front.  It  consists  of  three  principal  chambers,  filled  with  media 
of  perfect  transparencyand  of  refractive  powers,  differing  sensibly  inter  se,  but  none  of  them  greatly  different  firom 
that  of  pure  water.  The  first  of  these  media.  A,  occupying  the  anterior  diamber,  is  called  the  aqueom  kumowr^ 
and  consists,  in  fact,  chiefly  of  pure  water,  holding  a  little  muriate  of  soda  and  gelatine  in  solution,  with  a  trace 
of  albumen ;  the  whole  not  exceeding  eight  per  cent.*  Its  refractive  index,  according  to  the  experiments  of 
M.  Chossatt  and  those  of  Dr.  Brewster  and  Dr.  Gordon, {  is  almost  precisely  that  of  water,  viz.  1.337,  that  of 
water  being  1.336.  The  cell  in  which  it  is  contained  is  bounded,  on  its  anterior  side,  by  a  strong,  homy,  and 
delicately  transparent  coat  a,  called  the  cornea^  the  figure  of  which,  according  to  the  delicate  experiraenta  and 
measures  of  M.  Chossat,§  is  an  ellipsoid  of  revolution  about  the  major  axis ;  this  axis,  of  course,  determines  Che 
oxiM  of  the  eye;  but  it  is  remarkable,  that  in  the  eyes  of  oxen,  measured  by  M.  Chossat,  its  vertex  was  never 
found  to  be  coincident  with  the  central  point  of  the  aperture  of  the  cornea,  but  to  lie  always  about  10^ 
(reckoned  on  the  surface)  inwardly,  or  towards  the  nose,  in  a  horizontal  plane.  The  ratio  of  the  semi-aads 
of  this  ellipse  to  the  excentricity,  he  determines  at  1.3 ;  and  this  being  nearly  the  same  with  1.337,  the  index 
of  refraction,  it  is  evident,  from  what  was  demonstrated  in  Art.  236,  that  parallel  rays  incident  on  the  cortiea  In 
the  direction  of  its  axis,  will  be  made  to  converge  to  a  focus  situated  behind  it,  almost  with  mathematieai 
exactness,  the  aberration  which  would  have  subsisted,  had  the  external  surface  a  spherical  figure,  being  almott 
completely  destroyed. 

The  posterior  surface  of  the  chamber  A  of  the  aqueous  humour  is  limited  by  the  iris  p  7,  which  is  a  kind  of 
circular  opaque  screen,  or  diaphragm,  consisting  of  muscular  fibres,  by  whose  contraction  or  expansion  an 
aperture  in  its  centre,  called  the  pupils  is  diminished  or  dilated,  according  to  the  intensity  of  the  light.  In  Terj 
strong  lights  the  opening  of  the  pupil  is  greatly  contracted,  so  as  not  to  exceed  twelve  hundredths  of  an  indi  in 
the  human  eye,  while  in  feebler  illuminations  it  dilates  to  an  opening  not  exceeding  twenty-five  hundredths^H  or 
double  its  former  diameter.  The  use  of  this  is  evidently  to  moderate  and  equalize  the  illumination  of  the 
image  on  the  retina,  which  might  otherwise  injure  its  sensibility.  In  animals  (as  the  cat)  which  see  well  in 
the  dark,  the  pupil  is  almost  totally  closed  in  the  daytime,  and  reduced  to  a  very  narrow  line ;  but  in  the  human 
eye,  the  form  of  the  aperture  is  always  circular.  The  contraction  of  the  pupil  is  involuntary,  and  takes  place 
by  the  effect  of  the  stimulus  of  the  light  itself;  a  beautiful  piece  of  self-adjusting  mechanism,  the  play  of  wluch 
may  be  easily  seen  by  approaching  a  candle  to  the  eye  while  directed  to  its  own  image  in  a  looking-glass. 

Immediately  behind  the  opening  of  the  iris  lies  the  crystalline  lens^  B,  enclosed  in  its  capsule,  which  forma  the 
posterior  boundary  of  the  chamber  A.  Its  figure  is  a  solid  of  revohition,  having  its  anterior  surface  much  leas 
curved  than  the  posterior.  Both  surfaces,  according  to  M.  Chossat,  are  ellipsoids  of  revolution  about  their 
lesser  axes ;  but  it  would  seem  from  his  measures,  that  the  axes  of  the  two  surfiuses  are  neither  exactly  coincident 
in  direction  with  each  other,  nor  with  that  of  the  cornea.  This  deviation  would  be  fatal  to  distinct  vision 
were  the  crystalline  lens  very  much  denser  than  the  others,  or  were  the  whole  refraction  performed  by  it.  llna^ 
however,  is  not  the  case;  for  the  mean  refractive  index  of  this  lens  is  only  1.384,  while  that  of  the  aqneoos 
humour,  as  we  have  seen,  is  1.337 ;  and  that  of  the  vitreous  C,  which  occupies  the  third  chamber,  is  1.8S^  ;  so 
that  the  whole  amount  of  bending  which  the  rays  undergo  at  the  sur&ce  of  the  crystalline  is  small,  in  oompa. 
rison  with  the  inclination  of  the  surface  at  the  point  where  the  bending  takes  place,  and,  since  near  the  vertex,  a 


*  Chenevix,  PkilowphietU  TVantaetiont,  vol.  zciii.  p.  195. 
4  Builetin  de  la  Soe.  Pkilomatique,  1818,  p.  94. 
I  Edinburgh  PhUtmphicai  JatmuU,  vol.  i.  p.  42. 
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material  dev^iation  in  the  direclioii  of  the  axis  can  produce  but  a  very  miimte  chang^e  in  the   inclination  of  the      P»rt  J. 

^  ray  to  ihe    surface,  this  cavjse   of  error  is  so  weakened  in   its  eflect^  as,  probably,  to  produce  no  appreciable  ^^^-v'-^^ 

aberration.  ^^v.  ^'^» 

The  crystalline  is  composed  of  a  much  larp^er  proportion  of  albumen  and  gelatine  than  the  other  humours  of  ^^"^"^1,^"^  " 
the  eye,  so  much  so  as  to  be  entirely  coagiilable  by  the  heat  of  boiUngf  water     It  is   somewhat  denser  towards       353^ 
the  centre  than  at  the  outside.     According*  to  Dr.  Brewster  and  Dr.  Gordon,  the  refractive  indices  of  its  centre    Compo^i- 
middle  of  its  thickness,  from  the   centre  to  the  outside,  and  the  outside   itself^  are  respectively  1.3999,  L37B6,  tion  ol  rryt- 
aitd  1.3767,  that  of  pure  water  beings  1.3358.     This  increase  of  density  is  obviously  useful   in  correcting  tj^e  ^H^ne 
aberration,  by  shortening  the  focus  of   rays  near  the   centre,  according  to  the  rule  laid  down  in  Art.  299  for  ^^™^l^ 
hudiug^  the  etfect  of  aberration.     The  elfect  of  the  elliptic  figure  of  the  surfaces  is,  however,  a  matter  of  pretty  centre. 
complejt  calculation,  and  cannot  be  entered  upon  in  the  limits  of  tliis  essay.     Its  use  is,  probably,  to  correct  the 
aberration  of  oblique  pencils. 

The  posterior  chamber  C  of  the  eye  is  filled  with  the  vitreous  humour,  a  fluid  diHeriug^  (according-  to  Chenevix)      3^4, 
neither  in  specific  jcrravity  nor  in  chemical  composition  in  any  sensible  respect  from  the  aqueous;  and,  as  we  hav*i 
already  seen,  havingr  a  refractive  index  but  very  little  superior  to  it. 

The  refractive  density  of -the  crystalline  being  superior  to  that  of  either  the  aqueous  or  vitreous  humour,  the      355^^ 
rays  which  are  incident  on  it  in  a  stale  of  convergence  from  the  cornea,  are  made  to  converge  more»  and  exactly  ReuuA. 
in  their  final  focus  is  the  posterior  surface  of  the  eel!  of  the  vitreous  humour  covered  by  the  retina  /f,  a  network 
(as  its  name  imports)  of  inconceivably  delicate  nerves,  all  branching  from  one  great  nerve  O,  called  the  optic 
nerve,  which  enters  the  eye  obliquely  at  tlie  inner  side  of  the  orbit,  next  the  nose.     Tlie  retina  lines  the  whole 
of  the  cavity  C  up  to  ^  where  the  capsule  of  the  crystalline  commences.      Its  nerves  are  in  conlact  with,  or 
immersed  in,   the  pi^mffttum  nigrunK   a  very  black  velvety  matter,  which  covers  the  choroid  membrane  g,  and        , 
whose  office  is  to  absorb  and  stifle  all  the  liglit  which  enters  the  eye  as  soon  as  it  has  done  its  ofBce  of  exciting 
the  retina;  thus  preventing  internal  reflexions^  and  consequent  confusion  of  vision.     The  whole  of  these  humours 
and  membranes  are  contained  in  a  thick  tough  coat»  called  the  sckrotica,  which  unites  with  the  cornea,  and  forms  SclcroticA, 
what  is  commonly  called  the  white  of  the  eye. 

Such  is  the  structure  by  which  parallel  rays,  or  those  emanating  fi"om  very  distant  objects,  are  brought  to  a  356, 
focus  on  the  retina.  But  as  we  require  to  see  objects  near,  as  well  as  at  a  distance^  and  as  the  focus  of  a  lens  Ci^^ne^  »*^ 
or  system  of  lenses  for  near  objects  is  longer  than  for  distant  ones,  it  is  evident  that  a  power  of  adjustment  must  f^^  ^^^  ' 
reside  somewhere  in  the  eye;  by  which  either  the  retina  can  be  removed  farther  from  the  cornea,  and  the  eye  objccia. 
lengthened  in  the  direction  of  its  axis,  or  the  cunature  of  the  lenses  themselves  altered  so  as  to  give  greater 
couvergency  to  the  rays.  We  know  that  such  a  power  exists,  and  can  be  called  into  action  by  a  voluntary  efibrt; 
and,  evidendy,  by  a  muscular  action,  producing  fatigue  if  long  continued,  and  not  capable  of  being  strained 
beyond  a  certain  point.  Anatomists,  however,  as  well  us  theoretical  opticians,  difier  as  to  the  mechanism  by 
which  this  is  effected.  Some  assert,  that  the  action  of  the  muscles  which  move  the  eye  in  its  orbit,  called 
the  rtctit  or  straight'  muscles,  when  all  contracted  at  once,  producing  a  pressure  on  the  fluids  within,  forces 
out  the  cornea,  rendering  it  at  once  more  convex,  and  more  distant  from  the  retina.  This  opinion,  however, 
which  has  been  advocated  by  Dr,  01  hers,  and  even  attempted  to  be  made  a  matter  of  ocular  demonstration  by 
Ramsden  and  Sir  E.  Home,  has  been  combated  by  Dr.  Youngs  by  experiments  which  show,  at  least,  very 
decisively,  that  the  increase  of  convexity  in  the  cornea  has  litde  if  any  sliare  in  producing  the  effect.  An  elon- 
gation of  the  whole  eye,  spherical  as  it  is  and  full  of  fluid,  to  the  considerable  extent  required,  is  difficult  to 
conceive  as  the  result  of  any  pressure  which  could  be  safely  applied,  as  to  give  distinct  vision  at  the  distance  of 
three  inches  from  the  eye,  (the  nearest  at  which  ordinary  eyes  can  see  well,)  the  sphere  must  be  reduced  to  an 
ellipsoid,  having  its  axis  nearly  one-seventh  longer  than  in  its  natural  state  ;  and  the  extension  of  the 
sclerotica  thus  produced,  would  hardly  seem  compatible  with  its  great  strength  and  toughness.  Anotlier  opinion, 
which  has  been  defended  with  considerable  success  by  the  excellent  philosopher  last  named,  is,  that  the  crystalline 
itself  19  susceptible  of  a  change  of  figure,  and  becomes  more  convex  when  the  eye  adapts  itself  to  near  distances. 
Hi8  experiments,  on  persons  deprived  of  this  lens,  go  far  to  prove  the  total  want  of  a  power  to  change  the  focus 
of  the  eye  in  such  cases,  though  a  certain  degree  of  adaptation  is  obtained  by  the  contraction  of  the  iris,  which, 
limiting  the  diameter  of  the  pencil,  diminishes  the  space  on  the  retina  over  which  imperfectly  converged  rays  are 
diiHised,  and  thus,  in  some  measure,  obviates  the  effect  of  their  insufficient  convergence.  When  we  consider 
that  the  crystalline  lens  has  actually  a  regular  fibrous  structure,  (as  may  be  seen  familiarly  on  tearing  to 
pieees  the  lens  of  a  boiled  fish's  eye,)  being  composed  of  layers  laid  over  each  other  like  the  coats  of  an 
onion,  and  each  layer  consisting  of  an  assemblage  of  fibres  proceeding  from  two  poles,  like  the  meridians 
of  a  globe,  the  axis  being  that  of  tlie  eye  itself;  we  have,  so  far  at  least,  satisfactory  evidence  of  a  muscular 
structure ;  and  were  it  not  so,  the  analogy  of  pellucid  animals,  in  which  no  muscular  fibres  can  be  diBcerned, 
and  which  yet  possess  the  power  of  motion  and  obedience  to  the  nervous  stimulus,  though  nerves  no  more 
than  muscles  can  be  seen  in  them,  would  render  the  idea  of  a  muscular  power  resident  in  the  crystalline 
easily  admissible,  though  nerves  have  as  yet  not  been  traced  into  it.  On  tlie  whole,  it  must  be  allowed,  that  the 
presumption  is  strongly  in  favour  of  this  mechanism,  though  the  other  causes  already  mentioned  may,  perhaps, 
conspire  to  a  certain  extent  in  producing  the  effect .  and  though  the  subject  must  be  regarded  as  still  open 
to  fiiller  demonstration.  It  is  the  boast  of  science  to  have  been  able  to  trace  so  far  the  refined  contrivances 
of  this  most  admirable  organ ;  not  its  shame  to  find  something  still  concealed  from  its  scrutiny ;  for,  how- 
erer  anatomists  may  differ  on  points  of  structure,  or  physiologists  dispute  on  modes  of  action,  there  is  that 
io  what  we  do  understand  of  the  formation  of  the  eye  so  similar,  and  yet  so  infinitely  superior,  to  a  product 
of  human  ingenuity, — such  thought,  such  care,  such  refinement,  such  advantage  taken  of  the  properties  of 
oaiurd  agents  used  as  mere  instruments,  for  accomplishing  a  givtn  end,  as  force  upon  us  a  conviction  of 
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deliberate  choice  and  premeditated  design,  more  strongly,  perhaps,  than  any  single  contrirance  to  be  foundt  ^ 
whether  in  art  or  nature,  and  render  its  study  an  object  of  the  deepest  interest  ^ 

The  images  of  external  objects  are  of  course  formed  inverted  on  the  retina,  and  may  be  seen  there,  by  diaseeU 
ing  off  the  posterior  coats  of  the  eye  of  a  newly-killed  animal,  and  exposing  the  retina  and  choroid  membmne 
from  behind,  like  the  image  on  a  screen  of  rough  glass,  mentioned  in  Art  331.  It  is  this  image,  and  this  only, 
which  is  fdt  by  the  nerves  of  the  retina,  on  which  the  rays  of  light  act  as  a  stimulus ;  and  the  impressioDt 
therein  produced  are  thence  conveyed  along  the  optic  nerves  to  the  sensorium,  in  a  manner  which  we  must  rank  at 
present  among  the  profounder  mysteries  of  physiology,  but  which  appears  to  differ  in  no  respect  from  that  fal 
which  the  impressions  of  the  other  senses  are  transmitted.  Thus,  a  paralysis  of  the  optic  nerve  produoes,  while 
it  lasts,  total  blindness,  though  the  eye  remains  open,  and  the  lenses  retain  their  transparency ;  and  some  'very 
curious  cases  of  half  blindness  have  been  successfully  referred  to  an  affection  of  one  of  the  nerves  without  the 
other.*  On  the  other  hand,  while  the  nerves  retain  their  sensibility,  the  degree  of  perfection  of  vision  is  exactly 
commensurate  to  that  of  the  image  formed  on  the  retina.  In  cases  of  cataract,  where  the  crystalline  lens  loses 
its  transparency,  the  light  is  prevented  from  reaching  the  retina,  or  from  reaching  it  in  a  proper  state  of  regnhi^ 
concentration,  being  stopped,  confused,  and  scattered  by  the  opaque  or  semi-opaque  portions  it  encounters  in  Its 
passage.  The  image,  in  consequence,  is  either  altogether  obliterated,  or  rendered  dim  and  indistinct ;  and  the 
progress  of  blindness  is  accordingly.  If  the  opaque  lens  be  extracted,  the  full  perception  of  light  returns  ;  but 
one  principal  instnmient  for  producing  the  convergence  of  the  rays  being  removed,  the  image,  instead  of  being 
formed  on  the  retina,  is  formed  considerably  behind  it,  and  the  rays  being  received  in  their  unconverged  state  on 
it,  produce  no  regular  picture,  and  therefore  no  distinct  vision.  But  if  we  g^ve  to  the  rays,  before  their  entry  into 
the  eye,  a  certain  proper  degree  of  convergence,  by  the  application  of  a  convex  lens,  so  as  to  render  the  remain- 
ing lenses  capable  of  finally  effecting  their  exact  convergence  on  the  retina,  restoration  of  distinct  vision  is  the 
immediate  result.  This  is  the  reason  why  persons  who  have  undergone  the  operation  for  the  cataract  (wlddi 
consists  either  in  totally  removing,  or  in  putting  out  of  the  way  an  opaque  crystalline)  wear  spectades  of 
comparatively  very  short  focus.  Such  glasses  perform  the  office  of  an  artificial  crystalline.  A  similar  Imper- 
fection of  vision  to  that  produced  by  the  removal  of  the  crystalline,  is  the  ordinary  effect  of  old  age,  and  its 
remedy  is  the  same.  In  aged  persons  the  exterior  tram^arent  surface  of  the  eye,  called  the  corniM^  loses  some- 
what of  its  convexity,  and  becomes  flatter.  The  J9otoer  of  the  eye  is  therefore  diminished,  (Art.  248  and  855,) 
and  a  perfect  image  can  no  longer  be  formed  on  the  retina.  The  deficient  power  is  however  supplied  by  i 
convex  lens,  or  gpedade-glasi^  (Art.  268,)  and  vision  rendered  perfect  or  materially  improved. 

Short-sighted  persons  have  their  eyes  too  convex,  and  this  defect  is,  like  the  other,  remediable  by  the  use  of 
proper  lenses  of  an  opposite  character.  Tliere  are  cases,  however,  though  rare,  in  which  the  cornea  becomes  so 
very  prominent  as  to  render  it  impossible  to  apply  conveniently  a  lens  sufficiently  concave  to  counteract  its  action. 
Such  cases  would  be  accompanied  with  irremediable  blindness,  but  for  that  happy  boldness,  justifiable  only  by  the 
certainty  of  our  knowledge  of  the  true  nature  and  laws  of  vision,  which  in  such  a  case  has  suggested  the 
opening  of  the  eye  and  removal  of  the  crystalline  lens,  though  in  a  perfectly  sound  state. 

But  these  are  not  the  only  cases  of  defective  vision  arising  from  the  structure  of  the  organ,  which  are  soscep- 
tible  of  remedy.  Malconformations  of  the  cornea  are  much  more  common  than  is  generally  supposed,  and  rew 
eyes  are,  in  fact,  free  from  them.  They  may  be  detected  by  closing  one  eye,  and  directing  the  other  to  a  very 
narrow,  well-defined  luminous  object,  not  too  bright,  (the  horns  of  the  moon,  when  a  slender  crescent,  only  two 
or  three  days  old,  are  very  proper  for  the  purpose,)  and  turning  the  head  about  in  various  directions.  The  line 
will  be  doubled,  tripled,  or  multiplied,  or  variously  distorted ;  and  careful  observation  of  its  appearances,  ondef 
different  cironmstances,  will  lead  to  a  knowledge  of  the  peculiar  conformation  of  the  refracting  surfaces  of  the 
eye  which  causes  them,  and  may  suggest  their  proper  remedy.  A  remarkable  and  instructive  instance  of  the 
kind  has  recently  been  adduced  by  Mr.  G.  B.  Airy,  {Transactions  of  the  Cambridge  PhilosopMcal  Siocfe^,) 
in  the  case  of  one  of  his  own  eyes  ;  which,  from  a  certain  defect  in  the  figure  of  its  lenses,  he  ascertained  to 
refract  the  rays  to  a  nearer  focus  in  a  vertical  than  in  a  horizontal  plane,  so  as  to  render  the  eye  utteriy  useless. 
This,  it  is  obvious,  would  take  place  if  the  cornea,  instead  of  being  a  surface  of  revolution,  (in  which  the  curvature 
of  all  its  sections  through  the  axis  must  be  equal,)  were  of  some  other  form,  in  which  the  curvature  in  a  vertical 
plane  is  greater  than  in  a  horizontal.  It  is  obvious,  that  the  correction  of  such  a  defect  could  never  be  accom- 
plished by  the  use  of  spherical  lenses.  The  strict  method,  applicable  in  all  such  cases^  would  be  to  adapt  a  lens 
to  the  eye,  of  neariy  the  same  refractive  power,  and  having  its  surface  next  the  eye  an  exact  inta^io  fac-«mfle 
of  the  irregular  cornea,  while  the  external  should  be  exactly  spherical  of  the  same  general  convexity  as  the  cornea 
itself;  for  it  is  clear,  that  all  the  distortions  of  the  rays  at  the  posterior  surface  of  such  a  lens  would  be  exactly 
counteracted  by  the  equal  and  opposite  distortions  at  the  cornea  itselff  But  the  necessity  of  limiting  the  coi^ 
recting  lens  to  such  surfaces  as  can  be  truly  ground  in  glass,  to  render  it  of  any  real  and  everyday  use,  and 
which  sur&ces  are  only  spheres,  planes,  and  cylinders,  suggested  to  Mr.  Airy  the  ingenious  idea  of  a  double 
concave  lens,  in  which  one  surface  should  be  spherical,  the  other  cylindrical.  The  use  of  the  spherical  smfsM 
was  to  correct  the  general  defect  of  a  too  convex  cornea.  That  of  the  cylindrical  may  be  thus  explained.' 
Suppose  parallel  rays  incident  on  a  concave  cylindrical  surface,  A  B  C  D,  in  a  direction  perpendicular  to  its  axis, 
as  in  fig.  71,  and  let  SS'Tl^  QQfTT^,ht  any  laminar  pencil  of  them  contained  in  a  parallelepiped  infinitely 


m  WoUasUm,  on  Semi<<iecQ8satioii  of  th«  Optic  Nerves,  PkUo99pMcml  TrmamtiumM,  1824. 

t  Should  any  very  bad  cases  of  irregular  cornea  be  found,  it  u  worthy  of  consideration,  whether  at  least  a  temporary  distinct  vision  cooM 
not  be  procured,  by  applying  in  contact  with  the  surCu*  •f  ths  eye  some  transparent  animal  jelly  contained  in  a  spherical  capsule  of  glass ;  or 
whether  an  actual  mould  of  the  cornea  might  not  bt  takvBL  and  impressed  on  some  transparent  medium.  The  operation  would*  of  couzie.  be 
tainly  leu  so  thia  thtt  of  catting  open  t  Img  eye,  end  teking  out  Ks  contenU. 
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thin,  and  haTing  its  sides  pantl  lei  to  the  axis.     Any  of  the  rays  S  P,  S^P',  of  tliis  pencil  lying  in  a  plane  APS      Part  I. 

perpendicufitr  to  the  axis,  will  after  refraction  converge  to,  or  diverge  from,  a  point  X,  alijo  in  this  plane  ;   and,  * 

therefore,  al!  the  rays  incirlent  on  P  Q,  P'Q',  will  after  refraction  have  for  their  focus  the  line  X  Y,  in  the  caustic 

snrfaee  A  F  G  D,  and  the  principal  focus  of  tlie  cylinder  will   be  the  line  F  G,  who&e  distance  from  the  vertex 

C  <y  of  the  surface,  or  F  C,  is  the  same  with  tiie  focal  lengtli  of  a  spherical  surface,  formed  by  the  revolutioD  of 

A  B  about  the  axis  F  C.     Thus  we  see  thai  a  cylindrical  lens  produces  no  convergency  or  divergency  in  parallel 

rays,  ijicidental  in  the  plane  of  its  axis;  while  it  converges  or  diverges  rays  in  a  plane  at  right  angles  to  the 

axis,  as  a  spherical  surface  of  equal  curvatnre  would  do      If  then   such  a  cylindrical   surface  be  conjoined  with 

a  spherical  one,  the  focus  of  the  spherical  surface  will   remain  unaltered  iu  one  plane,  but  in  the  other  will  be 

changed  to  that  of  a  lens  formed  by  it,  and  a  spherical  suHliee  of  equal  curvature  with  the  cylinder.     Hence  by 

properly  placing  such  acylindro-spheric  lens  across  the  defective  eye,  its  delect  will  be  (approximately,  at  least) 

counteracted.     It  would  be  wrong  to   conclude   our  acconnt  of  tliis  interesting   application  of  mathematical 

knowledge  to  the  increase  of  the  comforts  and  improvement  of  the  faculties  of  its  possessor,  in   otlier  than   his 

own  words.     "  After  some  ineffectual   applications  to   ditferent  workmen,  I  at  last  procvired   a  lens  to   these 

dimensions,'  from  an  artist  named  Fuller,  at  Ipswich.     It  satisfies  my  wishes  in  every  respect,     I  can  now  read 

the  smallest   print  at  a   considerable  distance  with  tlie  left"  (the  defective)  **  eye  as  well  as  with  the  right.     I 

have  found  that  vision  is  most  distinct  when  the  cyiiudrical  surface  is  turned  from  the  eye  :  and   as,  when  the 

Jens  is  distant  from  the  eye,  it  alters  the  apparent  figure  of  objects  by  refracting  differently  the  rays  in  diHerent 

|>Iaiies,  I  judged  it  proper  to  ha%e  the   frame   of  my  spectacles  made  so  as  to  bring  the  glass  pretty  close  to 

llie  eye.     With  these  precautions,  I  find  that  the  eye  which  I  once  feared  would   become  quite  useless,  can  be 

used  in  almost  every  respect  as  well  as  the  other." 

Blindness,  partial  or  total,  may  be  caused,  not  only  by  the  opacity  of  the  crystalline  lens,  but  of  any  other  26ih 
part,  or  by  anything  extraneous  to  the  materials  of  which  they  consist,  interposed  between  the  external  trans- 
parent surface  of  the  cornea  and  the  retina.  In  all  such  caseii,  if  the  sensibility  of  the  nerve  be  uninjured,  the 
restoration  of  sight  is  never  to  be  despaired  of.  In  a  recent  most  remarkable  case,  operated  by  Mr*  Wardrop, 
and  by  him  recorded  in  the  Phitofopkical  Tramactiom  far  18'26.  blindness  from  infancy,  accompanied  with 
complete  obliteration  of  the  pupil,  by  a  contraction  of  the  iris,  owing  to  an  unskilful  operation,  performed  at 
six  months  of  age,  was  removed,  and  perfect  sight  restored  after  a  lapse  of  forty-six  years,  by  a  simple  removal 
of  the  obstruction,  by  breaking  a  hole  through  the  closed  membrane.  The  details  of  this  case  are  in  die 
higiiest  degree  interesting,  but  we  must  refer  the  reader  to  the  volume  of  the  Philostophical  Tramaciiou^  cited  for 
the  account. 

As  we  have  two  eyes,  and  a  separate  image  of  every  external  object  is  formed  in  each,  it  may  be  asked,  wh^  do       361. 
tpf  nai  see  double  ?  and  to  some,  the  question  has  appeared  to  present  much  didiculty.     To  us  it  appears,  that  we  S'nple 
might  with  equal  reason  ask,  why — having  two  hands,  and  live  fingers  on  each,  all  endowed  with  equal  sensi-  ^^^'""'f'l'' 
btlity  of  totich   and  equal  aptitude  to  discern  objects  by  that  scnse^-M?^  do  nol  feel  decuple?     The  answer  is  the  ^ 

same  in  both  cases  :  it  is  a  matter  of  habit.     Habit  alone  teaches  us  that  the  sensations  of  sight  correspond  to 
any  thing  external,  and  to  what  they  correspond.     An  object  (a  small  globe  or  wafer  syppose)  is  before  us  on  a 
table  ;  we  direct  our  eyes  to  it,  i.  f,  we  bring  its  images  on  both  retime  to  those  parts  which  Inibit  has  ascer- 
tained to  be  tlie  most  sensible  and  best  situated  for  seeing  distinctly ;  and  having  always  found  that  in  such 
drcumstances  the  object  producing  the  sensation  is  one  and  the  same,  tlie  idea  of  unity  in   the   object  becomes 
irresistibly  associated  with  the  impression.     But  while  looking  at  the  globe,  squeeze  the  upper  part  of  one  eye  Double 
downwards,  by  pressing  on  the  eyelid  with  the  finger,  and  thereby  forcibly  throw^  the  image  on  another  part  of  visjoii 
Uke  retina  of  that   eye,  and  double  \ision  is  immediately   produced,  two  globes  or  two  wafers  being   distinctly  artificially 
seen,  which  appear  to  recede  from  each  other  as  the  pressure  is  stronger,  and  approach,  and  finally  blend  into  ^     ^^    ' 
one  as   it  is  relieved.     The  same  effect  may  be  produced  without  pressure,  by  directing  tJie   eyes  to  a  point  Auoilier 
nearer  to,  or  farther  from  them  than  the  wafer ;  the  optic  axis  in  this  case  being  both  directed  away  from  the  method* 
object  seen.     When  the  eyes  are  in  a  state  of  perfect  re,sl,  their  axes  are  usually  parallel,  or  a  little  diverging. 
In  this  state  all  near  objects  are  seen  double ;   but  the  slightest  effort  of  attention  causes  their  images  to  coalesce 
immediately.     Those  who  have  one  eye  distorted  by  a  blow,  see  double,  iiU  habit  has  taught  them  anew  to  see 
siogle,  though  the  distortion  of  the  optic  axis  subsists. 

The  case  is  exactly  the  same  with  the  sense  of  touch.     Lay  hands  on  the  globe,  and  handle  it.     It  is  o?;«,       362. 
nothing  can  be  more  irresistibk-  than  this  conviction.     Place  it  between  the  first  and  second  fingers  of  the  right  Siogle 
hand  in  their  natural  position.     The  right  side  of  the  first  and  left  of  the  second  finger  feel  opposite  convexities ;  ^  J^^i^,^  ^*'* 
but  as  habit  has  a!way»  taught  us  that  two  convexities  so  felt  belong  to  one  and  the  same  spherical  surface,  we  certain  et-Hf 
never  hesitate  Or  question  the  identity  of  the  glol>e,  or  the  unity  of  the  sensation.     Now  cross  the  two  fingers, 
bringing  the  second  over  the  firsts  and  place  the  globe  on  the  table  in  the  fork  between  them,  so  as  to  feel  the  lefl 
Ride  of  the  globe  with  the  right  side  of  the  second  finger,  and  the  right  with  the  left  of  tlie  first.     In  this  state  of 
things  the  impression  is  equally  irresistible,  tliat  we  have  two  globes  in  contact  with  the  fingers,  especiuily  Lf  the 
the  eyes  be  shut,  and  the  fingers  placed  on  it  by  another  person.     A  pea  is  a  very  proper  object  for  this  experi- 
ment.    The  illusion  is  equally  strong  when  the  two  fore  fingers  of  both  hands  are  crossed,  and  the  pea  placed 
between  them. 

So  forcible  is  the  power  of  habit  in  producing  single  vision,  that  it  will  bring  the  two  images  to  apparent      363. 
coalescence,  when  the  rays  which  form  one  of  them  are  really  turned   far  aside  from  their  natural  course.     To  Force  of 

ahow  this,  place  a  candle  at  a  distance,  and  look  at  it  with  one  eye  (the  lefl  suppose)  naked,  the  other  fiaviug  ***^'* '" 

proctucinif 

- ^-'  -^ .^^_^-*==^.— ,^^-=— «- . "  riiTgle  virion 

•  •  B*dius  of  tlic  sphencd  sarfice  U  inches  ^  ^^  cylindnctl  44.  illustnUed  Uy 

''  '  *  e*penaictit. 
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Light  before  it  a  priim,  with  a  Tariable  refracUng  angle,  (an  instrament  to  be  deM^bed  hereafter,  see  In dsx.)  wad,  fint«  Birt  L 
^^^V^^  let  the  angle  be  adjusted  to  zero,  then  will  the  prism  produce  no  deviation,  and  the*  object  will  appear  aingle*  ^^y^ 
Now  vary  the  prism,  so  as  to  produce  a  deviation  of  ^or  3^  of  the  rays  in  a  horizontal  plane  to  the  right.  The 
candle  will  immediately  be  seen  double,  the  image  deviated  by  the  prism  being  seen  to  the  left  of  the  other ;  but 
the  slightest  motion,  such  as  winking  with  the  eyelids,  blends  them  immediately  into  one.  Again,  vary  the  prism 
a  few  degprees  more  in  the  same  direction ;  the  candle  will  again  be  doubled,  and  again  rendered  single  by  winking*, 
and  directing  the  attention  more  strongly  to  it ;  and  thus  may  the  optic  axes  be,  as  it  were,  inveigled  to  an 
inclination  of  20^  or  30°  to  each  other.  In  this  state  of  things,  if  a  second  candle  be  placed  exactly  In  the 
direction  of  the  deviated  image  of  the  first,  but  so  screened,  that  its  rays  shall  not  fidl  on  the  left  eye,  and  the 
prism  be  then  suddenly  removed  in  the  act  of  winking,  the  two  candles  appear  as  one.  If  the  deviation  of  the 
image  seen  with  the  right  eye  be  made  to  the  apparent  right,  the  range  within  which  it  is  possible  to  bring  them 
to  coalesce  is  much  more  limited,  as  it  is  much  more  usual  for  us  to  direct  by  an  effort  the  optic  axes  towards, 
than  from  each  other.  If  the  deviation  be  made  but  a  very  little  out  of  the  horizontal  plane,  no  efibrt  will 
enable  us  to  correct  it.  It  is  probable  that  soine  cases  of  squinting  might  be  cured  by  some  such  ezerdae  in 
the  art  of  directing  the  optic  axes,  if  continued  perseveringly. 

364.  ^  Such  is,  undoubtedly,  a  sufficient  explanation  of  single  vision  with  two  eyes;  yet  Dr.  Wollaston  has  rendered 
^  ^^"^  ^^  probable  that  a  physiological  cause  has  also  some  share  in  producing  the  effect,  and  that  a  semi-decoasetion  of 
^gSe  ^  ^P^^^  nerves  takes  place  immediately  on  their  quitting  the  brain,  half  of  each  nerve  going  to  eadi  eye,  the 
visum.  '^^  hi^f  of  each  retina  consisting  wholly  of  fibres  of  one  nerve,  and  the  left  wholly  of  the  other,  so  that  all 
Nervous  images  of  objects  out  of  the  optic  axis  are  perceived  by  one  and  the  same  nerve  in  both  eyes,  and  thus  a  power- 
sjmpathy.    ftj  sympathy  and  perfect  unison  kept  up  between  them,  independent  of  the  mere  influence  of  habit.     Immediately 

in  the  optic  axis,  it  is  probable,  that  the  fibres  of  both  nerves  are  commingled,  and  this  may  account  tar  the 
greater  acuteness  and  certainty  of  vision  in  this  part  of  the  eye. 

365.  Another  point,  on  which  much  more  discussion  has  been  expended  than  it  deserves,  is  the  fiict  of  our  seeing 
Erect  vision  objects  erect  when  their  images  on  the  retina  are  inverted.  Erect,  means  nothing  else  than  having  the  head 
tod^gr'^  ferther  fit)m  the  ground,  and  the  feet  nearer,  than  any  other  part     Now,  the  earth,  and  the  objects  which  stand 

^  '    on  it,  preserve  the  same  relative  situation  in  the  picture  on  Oie  retina  that  they  do  in  nature.     In  that  fucture, 

men,  it  is  true,  stand  with  their  heads  downwards  ;  but  then,  at  the  same  time,  heavy  bodies  fall  upwards  ;  and 

the  mind,  or  its  deputy,  the  nerve,  which  is  present  in  every  part  of  the  picture,  judges  only  of  the  relations  of  its 

parts  to  one  another.     How  these  parts  are  related  to  external  objects,  is  known  only  by  experience,  and  judged 

of  at  the  instant  only  by  hubit. 

866.  There  is  one  remarkable  fact  which  ought  not  to  escape  mention,  even  in  so  brief  an  abstract  of  the  doctrine 

PHMctutn     of  vision  as  the  present,  it  is,  that  the  spot  Q,  at  which  the  optic  nerve  enters  the  eye,  is  totally  insensible  to  the 

e^rcmn,       stimulus  of  light,  for  which  reason  it  is  called  the  fmnctum  ctBcum,    The  reason  is  obvious :  at  this  point  the 

nerve  is  not  yet  divided  into  those  almost  infinitely  minute  fibres^  which  are  fine  enough  to  be  either  thrown 

into  tremors,  or  otherwise  changed  in  their  mechanical,  chemical,  or  other  state,  by  a  stimulus  so  delicate  as  the 

Esperiment  rays  of  light     The  effect  however,  is  curious  and  striking.     On  a  sheet  of  black  paper,  or  other  dark  ground, 

PJJ^^^nj*   place  two  white  wafers,  having  their  centres  three  inches  distant.     Vertically  above  that  to  the  lefU  hold  the 

^  right  eye,  at  12  inches  fit>m  it,  and  so  that  when  looking  down  on  it  the  line  joining  the  two  eyes  shall  be 

[Murallel  to  that  joining  the  centre  of  the  wafers.     In  this  situation  closing  the  left  eye,  and  looking  fiill  with  the  ^ 

right  at  the  wafer  perpendiculariy  below  it  this  only  is  seen,  the  other  being  completely  invinble.     Bat  if         "^ 

removed  ever  so  little  fit)m  its  place,  either  to  the  right  or  left,  above  or  below,  it  becomes  immediately  visible,  ^ 

and  starts,  as  it  were,  into  existence.    The  distances  here  set  down  may  perhaps  vary  slightly  in  different  e3^!es.  * 

3^7,  It  will  cease  to  be  thought  singrular,  that  this  feet,  of  the  absolute  invisibility  of  objects  in  a  certain  point  of      *Sf 

the  field  of  view  of  each  eye,  should  be  one  of  which  not  one  person  in  ten  thousand  is  apprized,  when  we        .^ 

learn,  that  it  is  not  extremely  uncommon  to  find  persons  who  have  for  some  time  been  totally  blind  with  one       ^ss 

eye  without  being  aware  of  the  fact.     One  instance  has  fallen  under  the  knowledge  of  the  writer  of  these      ^mt 

pages. 

36S.  In  the  eyes  of  fishes,  the  humours  being  nearly  of  the  refractive  density  of  the  medium  in  which  they  live,  the       ~m  m 

Eves  of       refiuction  at  the  cornea  is  small,  and  the  work  of  bringing  the  rays  to  a  focus  on  the  retina  is  almost  wholly     np^  jf 

"*  ^  performed  by  the  crystalline.     This  lens,  therefore,  in  fishes  is  almost  spherical,  and  of  small  radius,  in  compa-  — .^i- 

rison  with  the  whole  diameter  of  the  eye.     Moreover,  the  destruction  of  spherical  aberration  not  being  producible      m  Mi 

in  this  case  by  mere  refi^ction  at  the  cornea,  the  crystalline  itself  is  adapted  to  execute  this  necessary  part  of  (he  jl^  ^i 

process,  which   it  does   by  a  very   great   increase    of  density    towards   the   centre.     (Brewster,  Trtaiim  on  m  m,^ 

New  PhilosophiceU  Instruments^  p.  268.)     The  fibrous  and  coated  structure  of  the  crystalline  lens  is  beautifiilly^^g^^ 

shown  in  the  eye  of  a  fish  coagulated  by  boiling. 

369.  The  same  scientific  principles  which  enable  us  to  assist  natural  imperfections  of  sight,  can  be  employed  nm^mSn 

giving  additional  power  to  this  sense,  even  in  individuals  who  enjoy  it  naturally  in  the  greatest  perfection.     li^^ML  It 

being  once  understood,  that  the  image  on  the  retina  is  that  which  we  really  aee,  it  follows,  that  if  by  any  meani^.^3is 

we  can  render  this  image  brighter,  larger,  more  distinct  than  in  the  natural  state  of  the  organ,  we  shall  see  objecliri   ^^* 

brighter  than  in  their  natural  state,  enlarged  in  dimension,  and,  therefore,  capable  of  being  examined  more  * '^*'' 

detail,  or  more  sharply  defined  and  clearly  outlined.    The  means  which  the  principles  already  detailed  put  in  c 
power,  for  the  accomplishment  of  such  ends,  are  the  concentration  of  more  rays  than  enter  the  natural  eye  __^ 
lenses ;  the  enlargement  of  the  image  on  the  retina,  by  substituting  for  the  object  seen  an  image  of  it  eithem^^^ 
larger  than  the  object  itself,  or  capable  of  being  brought  nearer  to  us ;  and  the  destruction  of  aberration,  b]^  ^^7 
properly  adapting  Uie  figure  and  materials  of  our  instruments  to  the  end  proposed. 
^^^'  Proposition.    The  apparent  magnitude  of  a  rectilinear  object  is  measured  by  the  angle  subtended  by   it  ar^^^ 
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U«y^  the  etntre  of  the  eye,  or  by  the  linear  magniiade  of  iti  itnage  on  the  retina,  and  is  therefore  proportional    1^^^^  I* 
linear  ma^itudeof  object  V^^s^^^ 

ita  distance  from  the  eye 

Tlie  eentre  of  the  eye,  in  its  optical  sense,  is  a  point  nearly  in  the  centre  of  the  pupil  in  the  plane  of  the  iris, 
and  the  image  of  any  external  object  P  Q,  being  formed  at  the  bottom  of  the  eye  at  p  q,  by  rays  crossing  there,  Fig.  72. 

must  subtend  the  same  angle ;  so  that  p  ^  =  P  Q .  ~-r. 

Coroi.   If  the  object  be  so  distant  that  the  rays  from  each  point  of  it  may  be  regarded  as  parallel,  the  angular     ^^1* 

diameter  of  the  object  is  measured  by  the  inclination  of  rays  of  its  extreme  pencils  to  each  other.     Whenever, 

tMMmn&m^  the  eye  sees  by  parallel,  or  very  nearly  parallel,  rays,  the  apparent  magnitude  of  the  object  seen,  is 

nEm«asared  by  the  inclination  of  its  extreme  pencils,  and  the  object  itself  is  referred  to  an  infinite  distance,  or  to  the 

concaTe  auiface  of  the  heavens. 

JProp,     When  a  convex  lens  is  placed  between  the  eye  and  any  object,  so  as  to  have  the  object  at  a  distance      372. 

{ the  lens  equal  to  its  focal  length,  it  will  be  distinctly  seen  by  an  eye  capable  of  converging  parallel  rays,  and 

11  ^»pear  enlarged  beyond  its  natural  size. 

Let  1*  Q  be  the  object,  C  the  lens,  and  E  the  centre  of  the  eye.     Since  the  object  is  in  the  focus  of  the  lens,  Fig.  73. 

%jm  rays  of  a  pencil  diverging  from  any  point  P  in  it,  will  emei^e  parallel  to  P  C,  and  to  each  other ;  they  will, 

tlajgpefore^  after  refraction  in  the  eye,  be  Imught  to  converge  on  the  retina  to  a  point  p,  siich  that  E  p  is  parallel 

t^o  P  C«     Similarly,  rays  from  Q  will,  afier  refraction  through  the  lens  and  eye,  converge  to  g ;  such  that  E  9  is 

pMUBllel  to  Q  C.     Thus,  a  distinct  image  will  be  formed  &tp  q  on  the  retina,  and  the  apparent  angular  magnitude 

c»^  the  object  seen  through  the  lens  will  be  the  angle  qEp.    Now  this  is  equal  to  P  C  Q,  or  the  angle  subtended 

iMf  the  object  at  the  centre  of  the  lens,  and  is,  therefore,  greater  than  P  £  Q,  or  that  subtended  by  it  at  the  centre 

ov*  the  eye,  because  the  lens  is  between  the  eye  and  object. 

Hence,  the  nearer  the  eye  is  to  the  lens,  the  less  will  be  the  difference  between  the  apparent  magnitudes  of  the     373. 

object,  as  seen  with  and  without  the  lens  interposed.    But  if  the  lens  be  of  shorter  focus  than  the  least  distance  at 

^rliiefa  the  eye  can  see  distinctly,  there  will  be  this  essential  difference  between  vision  with  and  without  the  lens, 

^hmi  in  the  former  case  the  object  is  seen  distinctly,  and  well-detined  ;  while  in  the  latter,  or  with  the  naked  eye, 

^  will  be  indistinct  and  confused,  and  the  more  so  the  nearer  it  is  brought 

Hence,  by  the  use  of  a  convex  lens  of  short  focus,  objects  may  be  seen  distinct,  and  magnified  to  any  extent  we      374, 

idaaae :  for  let  L  be  the  power,  or  reciprocal  focal  length  of  the  lens,  and  D  the  greatest  proximity  of  the  object  By  a  con- 

to  the  centre  of  the  eye  at  which  it  can  be  seen  distinctly  without  a  lens.     Then  we  shall  have  L  :  D  :  :  angle  vex  lens  of 

P  ti  q  :  angle  subtended  by  the  object   at  the  proximity  D  ;    and,  therefore, :  :  apparent  linear  magnitude  of  ^?'^  ^^*^^ 

objecti  ire 

olject  seen  through  the  lens  :  apparent  linear  magnitude  at  proximity  D,  with  the  naked  eye.    Tlierefore  -=r-is/'''*^'^^ 

the  rmtio  of  these  magnitudes,  or,  as  it  is  called,  the  magnifying  power  of  the  lens,  beyond  that  of  the  naked  eye^  Bfagnifyiaf 
at  its  grealfest  proximity.  P®'^- 

Cforol,     D  being  given,  the  magnifying  power  is  as  L,  or  as  (/i  —  1)  (R^  —  W^.    This  explains  the  use  of  the      375. 
wpid  power  in  the  foregoing  sections.     Whatever  we  have  demonstrated  of  the  powers  of  lenses  in  the  foregoing  Magnifyinf 
paiges,  is  true  of  magnifying  powers.     Thus  the  sum  of  the  magnifying  powers  of  two  convex  lenses  is  the  J^JJ^^  * 
maMiiying  power  of  the  two  combined.     If  one  be  concave,  its  magnifying  power  is  to  be  regarded  as  negative,  leu^ 
and  Instead  of  their  sum  we  must  take  their  difference. 

Prop,    To  ^express,  generally,  the  visiuU  angle  under  which  a  small  object  placed  at  any  distance  from  a  lens,      376. 
and  seen  by  an  eye  any  how  situated,  appears,  supposing  it  seen  distinctly. 

liet  P  Q,  fig.  74,  75,  76,  77,  be  the  object,  E  the  lens,  O  the  eye,  andp  q  the  image.     Put  _  _    =  D,  -= tr  >7.'    ' 

III  Q  E  <7       ^      * 

^^  f;  zz  e;  e  being  reckoned  in  the  same  direction  from  the  centre  of  the  lens  that  D  and/  are.     Then  *^^' 

o  0 
tlac  visual  angle  under  which  the  image  is  seen  is  qO  p,  and  we  have,  therefore^  visual  angle  (=  A)  =r  p—  s 

p^-r=r^J-=— .     But,  ao  =  QP.  — -^  =  Q  P  .  -^  =  O .  -^  putting  O  for  Q  P  the  linear  magnitude  of  the  Vision 
*-»  £  —  £9  hi  Q  J  J  through 

1  1         /—  c  ~"*** 

^l^ect ;  and,  moreover,  OE  —  E^  =  — ^  =''—7^ — ^  therefore  we  have,  leniei. 

A:=0.^.^=0.         ^^ 


^^lien  L»  as  all  along,  represents  the  power  of  the  lens.    Now  O  .  D  is  the  visual  angle  of  the  object,  as  seen 

«*  Q  P 

^Vqiq  the  centre  of  the  lens ;  therefore,  putting  O  .  D,  or  r— =  =  (A)  we  get 

^  £ 


/ 
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light         In  concave  lenses,  the  images  of  distant  objects  are  formed  erect,  and  on  the  same  side  of  the  lens  with  the  object.     l^Mt  L 
^  If,  therefore,  such  a  lens  be  held  between  the  eye  and  distant  objects  at  a  sufficient  distance  from  the  eye  for  ^*^v^ 
distinct  vision,  the  objects  will  be  seen  erect,  and  diminUlied  in  ma^itude.     In  this  case,  e  is  positive,  and  L  and 
D  both  negative;  therefore  L  +  D  —  e  is  a  negative  quantity,  greater  (without  regard  to  the  sign)  than  e,  and, 
wMw«.«.      consequently,  A  is  negative,  and  less  than  (A). 
878.  In  reflectors, /=  2  R  —  D,  and,  therefore, 

loreflectors. 

In  a  convex  reflector,  t  is  necessarily  negative,  at  least  if  the  mirror  be  made  of  metal,  because  the  eye  mtut  be 

on  the  side  of  the  surface  towards  the  incident  light ;   and,  therefore,  S  R  ^  e  is  positive,  and  —= r^ 

m  Jbl  —  mm  "^  e 

win  be  greater  or  less  than  unity,  according  to  the  value  of  2  R  —  D  ^  e.  In  concave  reflectors,  R  is 
negative,  and  e  is  also  negative  for  the  same  reason  as  in  concave ;  therefore  the  sigu  and  magnitude  of 
A  in  this,  as  well  as  the  former  case,  may  vary  indefinitely,  accon^ng  to  the  place  of  the  eye,  &e  image, 
and  the  object.     The  varieties  of  these  cases  are  represented  in  fig.  78  and  79. 

379.  If  the  image,  instead  of  being  seen  directly  by  the  naked  eye,  be  seen  through  the  medium  of  anoQier 
GeDeral  lens  or  reflector^  so  placed  as  to  cause  the  pencils  diverging  primarily  from  eadi  point  of  the  object,  to 
oPtdl^-  emeige  finally,  either  exactly  parallel,  or  within  such  limits  of  convergence  or  divergence  as  the  eja  eaii 
scopes.        accommodate  itself  to,  the  object  will  be  seen  distinctly,  and  either  larger  or  smaller  than  it  would  be  seen  bjflfte 

unassisted  eye,  according  to  the  magnitude  of  the  image,  and  the  power  of  the  lens  or  reflector  used  to  view 
it  This  is  the  principle  of  all  telescopes  and  microscopes.  As  most  eyes  can  see  with  parallel  rays*  tiicj  aiie 
so  constructed  as  to  make  parallel  pencils  emerge  parallel ;  and  a  mechanical  adjustment  allows  such  a  quantity 
of  motion  of  the  lenses  or  reflectors  with  respect  to  each  other,  as  to  give  the  rays  a  sufficient  degree  of  eoBfer- 
gence  or  divergence  as  may  be  required. 

380,  In  the  common  refracting,  or,  as  it  is  sometimes  called,  the  astronomical  telescope,  the  image  it  flnt 
Astronomi-  formed  by  a  convex  lens,  and  is  viewed  through  a  convex  lens,  placed  at  a  distance  from  the  otto  neeily 
cal  tele-  equal  to  the  sum  of  their  focal  lengths.  Die  lens  which  forms  the  image  is  called  the  object-giaitt  and  tliid 
*^^^^*         through  which  it  is  viewed,  the  eye-gkus  of  the  telescope.    If  the  latter  be  concave,  the  telescope  is  aaid  to 

be  of  the  Gkililaean  construction,  such  having  been  the  original  arrangement  of  ChUilteo's  instrumente.    The 
Pig.aO,81.  ntuation  of  the  lenses,  and  the  course  of  the  rays  in  these  two  constructions,  are  represented  in  fig.  80  and  81. 
A81.  In  the  former  construction,  let  P  Q  be  the  object     Draw  Q  O  G  through  the  centres  of  the  object  «id 

^e-glass,  and  this  line  will  be  the  axis  of  the  telescope.  From  R  any  point  in  the  object  draw  F  O  p  through 
the  centre  O  of  the  object-glass,  and  meeting  p  q^  bl  line  through  q,  the  focus  of  the  point  Q,  perpendicular 
to  the  axis  in  p,  then  will  p  qhe  the  image  of  P  Q.     Let  P  A,  P  B  be  the  extreme  rays  of  the  pencil  diverging  — 

.from  P,  and  incident  on  the  object-glass,  and  they  will  be  refincted  to  and  cross  at  p.  Hence,  unless  ^ 
the  diameter  of  the  eye-glass 6  6a  be  such,  that  the  ray  Ap  a  shall  be  received  on  it,  the  point  p  will  be  ^ 
seen  less  illuminated  than  the  point  p  in  the  centre  of  the  object,  and  if  it  be  so  small  that  the  line  ^^ 
Field  of  Bp  produced  does  not  meet  it,  then  none  of  the  rays  from  P  can  reach  the  eye  at  all.  Thus,  the  JteU  of 
view.  ffiew^  or  angular  dimensions  of  the  object  seen,  is  limited  by  the  aperture  of  the  eye-glass.  To  find  its  extent^ 
then,  join  B  6,  A  a,  opposite  extremities  of  the  object  and  eye-glass,  meeting  the  image  In  r  and  p,  and  tiie 
axis  in  X,  then  r  ^  is  the  whole  extent  of  the  image  which  is  seen  at  all,  and  the  angle  p  O  r,  which  Is 
equal  to  P  O  R,  is  the  angular  extent  of  the  field  of  view.    Now  we  have  A  B  :  ab  ::  O X  :  G X»  and* 

therefore,  AB  +  a6:AB  ::  OG;OX,  whence  we  get  O  X  =  7-=7-; 1  .  O  G ;  G  X  =  7-=^^ ?  ^ 

AU-tao  AB  +  00 

O  G.    But  we  have,  moreover,  XgrsO^— OX;pr  =  a6.      y,  and  angle  r  O  p  =  Tx^-     To 

this  algebraically,  put 

Diameter  of  object-glass  =  a ;  Power  of  object-^lass  =:  L 
Diameter  of  eye-glass  =  /3 ;      Power  of  eye-glass  =  l. 


>,  (0 


This  last  is  the  linear  magnitude  of  the  visible  portion  of  the  image ;   and  it  is,  as  we  see,  symmetrica*   ■*?*»/ 
both  with  respect  to  the  eye-glass  and  object*g^ass.  , 

Now  fiom  this  it  is  easy  to  deduce  both  the  field  of  view  and  magnifying  power  of  the  telescope ;  fi^r  tlr~4De 
former  is  equal  to  the  angle  subtended  by  p  r,  at  the  centre  of  the  object-glass,  and  the  latter  is  obtained  fit>i^  ^'o 
the  former,  when  the  angle  rQp  subtended  at  the  centre  of  the  eye-glass  is  obtained.     But  we  have 


/ 
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rOj 


^i- 


h  +  l 


Qp  =  i 


fii 


L  4-i 


therefore 


magnifying  power  =: 


rGp 


W 


rO  p 


Hence  we  see,  that  the  greater  the  power  of  the  eye-glass  is,  compared  with  that  of  fhe  object-glass,  the  greater 
the  magiiilying  power  of  the  telescope ;  or»  in  other  words,  the  greater  the  focal  length  of  the  object  glass  com- 
pared with  that  of  the  eye-glass. 

The  pencils  of  rays  after  refraction  at  the  eye-glass  will  emerge  parallel,  and  therefore  proper  for  distinct 
vision  to  an  eye  properly  placed  to  receive  them.  Now  the  eye  mil  receive  both  the  extreme  rays  6  E'  and  a  P' 
of  the  pencib  diverging  from  r  and  p,  if  it  be  placed  at  their  point  of  concourse  E ;  but  since  bHis  parallel  to 
r  G,  and  a  £  to  p  G,  we  have 

GE  =  G,x^±-.         orGE  =  -§j^.  (.) 

pr  pi  -^ah 

If  the  eye  be  placed  nearer  to,  or  farther  off  from,  the  eye-glass  than  this  distance,  it  will  not  receive  the 
extreme  rays,  and  the  J?e/d  of  view^  or  visible  area  of  the  object,  will  be  lessened*  In  the  construction  of  convex 
single  eye-pieces,  therefore,  care  must  be  taken  to  prolong  the  tube  which  carries  them,  (as  in  the  figure,)  so  that 
when  the  eye  is  applied  close  to  its  end,  it  shall  still  be  at  this  precise  distance  from  the  glass. 

If  the  telescope  be  inverted,  and  the  eye  applied  behind  the  object-glass,  it  is  evident  that  it  will  remain  a 

telescope,  but  its  magnifying  power  will  be  changed  to  — r-  ;  so  that,  if  it  magtiified  before,  it  will  diminish  objecta 
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In  this  way,  beautiful  miniature  pictures  of  distant 


now,  and  the  field  of  view,  will  be  proportionally  increased, 
'objects  may  be  seen. 

If  th«  telescope,  instead  of  being-  turned  on  objeets  so  chslant  as  that  the  pencils  flowing  from  them  may  be 
regarded  as  parallel,  be  directed  to  near  objects,  the  distance  between  the  object-glasa  and  eye-^lass  must  be 
lengthened  so  as  to  bring*  the  iniage  exactly  into  the  focus  of  the  latter-  To  accomplish  this,  the  eye-glass  is 
generally  set  in  a  sliding*  tube  movable  by  a  rack-work,  or  by  hand.  The  same  mechanism  serves  also  to  adjust 
the  telescope  for  long:  ^^  short*si^hted  persons*  The  fomier  require  parallel  or  siightly  divergent  rays,  the  latter 
very  divergent ;  and  to  obtain  the  necessary  divergence  for  the  latter,  the  eye-glass  must  be  brought  neaier  the 
object-glass. 

The  same  theory  and  formulsB  apply  to  the  second,  or  Galilaean,  construction,  only  recollecting  that  in  this  case  L, 
the  power  of  the  eye-glass,  is  negative.  In  ihis  case,  therefore,  the  value  of  G  E  is  negative,  or  the  eye  should 
be  placed  between  the  object-glass  and  eye-glass  ;  but,  as  that  is  incompatible  with  the  other  conditions,  in  order 
to  get  as  great  a  field  of  view  as  possible,  the  eye  must  be  brought  as  near  to  its  proper  place  as  possible,  and 
therefore  close  to  the  eye-glass. 

In  the  astronomical  telescope  objects  are  seen  inverted,  in  the  Galilean,  erect ;  for,  in  the  former,  the  rays 
from  the  extremities  of  the  object  have  crossed  before  entering  the  eye,  in  the  latter,  not. 

If  the  object  be  brought  nearer  the  object-glass,  the  magnifying  power  is  increase<i;    because  in  this  case 

(calling  D  the  proximity  of  the  object)  -= —  expresses  the  magnifying  power,  as  is  easily  seen  from  what  has 

i  li  —  U 

rbeen  said  Art,  382.  Thus  a  telescope  used  for  viewing  very  near  objects  becomes  a  microscope.  The  ordinary 
construction  of  the  corapoutid  microscope  is  nothing  more  than  that  of  the  astronomical  telescope  modified  for 
the  use  it  is  intended  for.  The  object-glass  has  in  this  instrument  a  much  greater  power  than  the  eye-glass,  so 
that,  when  employed  for  viewing  distant  objects,  it  acts  as  a  telescope  inverted,  and  requires  to  be  greatly 
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shortened.     But  for  near  objects,  as  B  increases,  i  —  D  diminishes,  and  the  fraction 


-—  may  be  increased 


to  any  amount,  by  bringing  the  object  nearer  to  the  object-glass,  and  at  the  same  time  lengthening  the  interval 

1  2 

I 


between   the   lenses,  which   is   expressed  by  +  ,     But  as  this  requires  two  operations,  it  is 


L-D 

usual  to  leave  the  latter  distance  unaltered,  and  vary,  by  a  screw  or  rack-work,  only  the  former.  Fig,  82  is  a  Fig.  82, 
section  of  such  an  instrument.  It  is,  however,  convenient  to  have  the  power  of  lengthening  and  shortening  the 
distance  between  the  glasses,  as  by  this  means  any  magnilying  power  between  the  limits  corresponding  to  the 
extreme  distances  may  be  obtained  ;  and  if  a  series  of  object-glasses  be  so  selected,  that  the  greatest  power 
attainable  by  one  within  the  limits  of  the  adjustment  in  question,  shall  just  surpass  the  least  obtaioable  by  the 
next,  and  so  on,  we  may  command  any  power  we  please.  Such  a  series  is  usually  comprised  in  a  small  revolving 
plate  containing  cells,  each  of  which  can  be  brought  in  succession  into  the  axis  of  the  microscope  by  a  simple 
mechanism. 

In  the  reflecting  telescope,  of  the  most  simple  construction,  the  image  is  formed  by  a  concave  mirror,  and 
viewed  by  a  convex  or  concave  eye-glass,  as  in  refracting  telescopes  ;  but  since  the  head  of  the  obsenTr  would 
intercept  the  whole  of  the  incident  light  in  small  telescopes,  and  a  great  part  of  it  in  large  ones,  the  axis  of  the 
reflector  itself  is  turned  a  little  obliquely,  so  as  to  throw  the  image  aside,  by  which  it  can  be  viewed  with  little  or 
k    ihe  inconvenience  of  this  is  a  little  distor^on  of  the  image,  caused  by  the  obliquity  of  the  rays ; 
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but  as  such  telescopes  are  only  used  of  a  g;reat  size*  and  for  the  purpose  of  viewing  very  faint  celestial  objects,  , 
in  which  the  light  diifused  by  aberration  is  insensible,  little  or  no  inconvenience  is  found  to  arise  from  this  cause. 
Such  is  the  construction  of  the  telescopes  used  by  Sir  William  Herschel  in  his  sweeps  of  the  heavens. 

To  obviate  the  inconvenience  of  the  stoppage  of  rays  by  the  head,  Newton,  the  inventor  of  reflecting  tele- 
scopes, employed  a  small  mirror,  placed  obliquely,  as  in  fig.  83,  opposite  the  centre  of  the  large  one.  Thaa 
parallel  rays  P  A,  P  B,  emanating  from  a  point  in  the  axis  of  the  telescope,  are  received,  before  their  meeting,  od 
a  plane  mirror  C  D  inclined  at  45^  to  the  axis,  and  thence  reflected  through  a  tube  projecting  from  the  side  of 
the  telescope  to  the  lens  G,  and  by  it  refracted  to  the  eye  E.  It  is  manifest,  that  if  the  image  formed  by  the 
mirror  A  B  behind  C  D  be  regarded  as  an  object,  an  image  equal  and  similar  to  it  (Art.  335)  wiU  be  formed 
at  F,  at  an  equal  distance  from  the  plane  mirror ;  and  this  image  will  be  seen  through  the  glass  G,  just  ajs  if  it 
were  formed  by  an  object-glass  of  the  same  focal  length  placed  in  the  prolongation  of  the  axis  of  the  eye-tube^ 
beyond  the  small  mirror,  (supposed  away.)  Hence  the  same  propositions  and  formulae  will  hold  good  in  the 
Newtonian  telescope,  as  in  the  astronomical  and  Galilsan,  for  the  magnifying  power,  field  of  view,  and  positton 
of  the  eye,  substituting  only  2  R  for  L,  and  2  R  —  D  for  L  —  D,  and  recollecting  that  R  b  negative,  as  the 
mirror  has  its  concavity  turned  towards  the  light. 

The  Gregorian  telescope,  instead  of  a  small  plain  mirror  tiuned  obliquely,  has  a  small  convex  mirror  with  its 
concavity  turned  towards  that  of  the  large  one,  as  in  fig.  84 ;  but  instead  of  being  placed  at  a  distance  from  the 
large  one  equal  to  the  sum  of  the  focal  lengths,  the  distance  is  somewhat  gpreater ;  hence  the  image  p  9,  ibniied 
in  Uie  focus  of  the  great  mirror,  being  at  a  distance  from  the  vertex  of  the  small  one  greater  than  its  focal  length, 
another  image  is  formed  at  a  distance,  viz.  at  or  near  the  surface  of  the  great  mirror,  at  r«.  In  the  centre  of  the 
large  mirror  there  is  a  hole  which  lets  pass  the  rays  to  an  eye-lens  g.  The  adjustment  to  parallel  or  diverging 
rays,  or  for  imperfect  eyes,  is  performed  by  an  alteration  of  the  distance  between  the  mirrors  made  by  a  screw. 

The  Cassegrainian  construction  difiers  in  no  respect  from  the  Gregorian,  except  that  the  small  mirror  is  eonvex 
and  receives  the  rays  befi)re  their  convergence  to  form  an  image.  The  magnitude  of  tl\e  field,  the  distance  of  the 
eye  and  of  the  mirrors  from  each  other^  are  easily  expressed  in  these  constructions ;  the  latter  being  derived  fimn 
the  former  by  a  mere  change  of  sign  in  the  curvature  of  the  small  mirror.  Let  then  R'  and  R'^  be  the  cnrvetdiee 
of  the  two  mirrors,  then  in  the  Gregorian  telescope  R'  is  negative  and  R'^  positive ;  and  if  we  put  i  for  the 
distance  between  their  surfaces,  (t  being  negative,  because  the  second  reflecting  surface  lies  towards  the  f 
light)  we  shall  have  for  an  object  whose  proximity  is  D 

iy=D;        /'=2R'-iy=2B^-D;        /'=2R''— D'';        ^' ^ 


ly'- 


i-fr 


adopting  the  formulae  and  notation  of  Art.  251.    Now  these  g^ve,  by  substitution. 


D'  = 


2R'-D 


/''  =  2R"- 


2R'-D 


1  -  <  (2  R'  -  D)    •       -^  1  -  <  (2  R'  -  D) 

2  R^^  -  2  R^  +  D  -  2  <  (2  R^  -  D)  ,  R^^ 
'  1  -  <  (2  R' « D)  • 


(/) 


This  is  the  reciprocal  distance  of  the  second  image  from  the  second  reflecting  surface.     If  we  wish  that  the  image 
to  be  viewed  by  the  eye-lens  should  fall  juH  on  the  surface  of  the  large  mirror,  we  have  only  to  put  J^  zs 

T-  (because  /'^  is  positive,  and  t  negative.)    For  parallel  rays  this  gives 

R'R''.<«+  (4R'-2R'0<-l=o;  (g) 

whence  /  may  be  found  when  R^  and  R^'  are  given,  or  vice  vend. 

The  description  of  other  optical  instruments,  and  of  the  more  refined  construction  of  telescopes,  &c.  must  be 
deterred  till  we  are  farther  advanced  in  our  account  of  the  physical  properties  of  light,  and  especially  of  the 
diflerent  refrangibility  of  its  rays  and  their  colours,  which  will  form  the  object  of  the  next  part. 


406  LIGHT. 

light  1.  A  beam  of  white  light  consists  of  a  great  and  almost  infinite  variety  of  rays  difiering  from  each  other  in     B^tn 

^^■V*^  colour  and  refrangibility.  ^^"VS; 

^V*?L  For  the  ray  S  F  from  any  one  point  of  the  sun's  disc,  which  if  received  immediately  on  the  screen  would 
in  refou^i-  ^^^^  occupied  only  a  single  point  on  it,  or  (supposing  the  hole  in  the  screen  to  have  a  sensible  diameter)  only  a 
\^xj.  space  equal  to  its  area,  is  dilated  into  a  line  V  R  of  considerable  length,  every  point  of  which  (speaking 

loosely)  is  illuminated.  Now  the  rays  which  go  to  V  must  necessarily  have  been  more  refracted  than  those 
which  go  to  R,  which  can  only  have  been  in  virtue  of  a  peculiar  quality  in  the  rays  themselves,  sinoe  the 
refracting  medium  is  the  same  for  all. 

401.  2.  White  light  may  be  decomposed^  analyzed^  or  separated  into  its  elementary  coloured  rays  by  refraction.  The 
act  of  such  separation  is  called  the  dispersion  of  the  coloured  rays. 

402.  3.  Each  elementary  ray  once  separated  and  insulated  from  the  rest,  is  incapable  of  further  decomposition  or 
analysis  by  the  same  means.  For  we  may  place  a  third,  and  a  fourth,  prism  in  the  way  of  the  twice  refracted 
ray  g  «r»  and  refract  it  in  any  way,  or  in  any  plane ;  it  remains  undispersed,  and  preserves  its  colour  quite 
unaltered. 

4Q3,  4.  The  dispersion  of  the  coloured  rays  takes  place  in  the  plane  of  the  refraction ;  for  it  is  found  that  the 

spectrum  V  R  is  always  elongated  in  this  plane.     Its  breadth  is  found,  on  the  other  hand,  by  measurement,  to  be 

precisely  the  same  as  Uiat  of  the  white  image  D,  (fig.  86,)  of  the  sun,  received  on  a  screen  at  a  distance  O  D 

fitmi  the  hole,  equal  to  OF-|-F6  +  GR,the  whole  course  of  the  refracted  light,  which  shows  that  the  beam 

has  undergone  no  contraction  or  dilation  by  the  effect  of  refraction  in  a  plane  perpendicular  to  the  plane  of 

refraction. 

404.         To  explain  all  the  phenomena  of  the  colours  produced  by  prismatic  dispersion,  or  of  the  pmnuUic  qoiotun^ 

Indei  oir     M  they  are  called,  we  need  only  suppose,  with  Newton,  that  each  particular  ray  of  lig^t,  in  undergoii^  refraetioii 

refraetioii     at  the  surface  of  a  given  medium,  has  the  sine  of  its  angle  of  incidence  to  that  of  refiraction  in  a  eonstdU  ration 

regmrded  as  gQ  ]oiig  as  the  medium  and  the  ray  are  the  same ;  but  that  this  ratio  varies  not  only,  as  we  have  hitherto  all  akNag^ 

>anable.      assumed,  with  the  nature  of  the  medium,  but  also  with  that  of  the  ray.     In  other  words,  that  there  are  as  many 

distinct  species,  or  at  least  varieties  of  light,  as  there  are  distinct  illuminated  pmnts  in  the  spectram  into  which 

a  single  ray  of  white  light  is  dispersed.     This  amounts  to  regarding  the  quantity  ^  for  any  medium,  not  as  one 

and  invariable,  but  as  susceptible  of  all  degrees  of  magnitude  between  certain  limits :  one,  the  least  of  wliicli, 

corresponds  to  the  extreme,  or  least  refracted  red  ray ;  the  other,  the  greatest  value  of  /a,  to  the  extreme  or 

most  refracted  violet.     Each  of  these  varieties  separately  conforms  to  the  laws  of  reflexion  and  refraction  we 

have  already  laid  down.     As  in  Geometry  we  may  reg^ard  a  whole  family  of  curves  as  comprehended  under  one 

equation,  by  the  variation  of  a  constant  parameter ;  so  in  Optics  we  may  include  under  one  analysis  all  the 

doctrine  of  the  reflexions,  refractions,  uid  other  modifications  of  a  ray  of  white  or  compound  light,  by  regerdiiy 

the  refractive  index  /»  as  a  variable  parameter. 

4Q5^         To  apply  this,  for  instance,  to  the  experiment  of  the  prism  just  related :  A  single  ray  of  white  light  being 

supposed  incident  on  the  first  surface,  must  be  reg^arded  as  consisting  of  an  infinite  number  of  coincident  rays^ 

of  all  possible  degrees  of  refrangibility  between  certain  limits,  any  one  of  which  may  be  indifierently  ezpreesed 

by  th^  refractive  index  fit.     Supposing  the  prism  placed  so  as  to  receive  the  incident  ray  perpendicnlafly  on  one 

surface,  then  the  deviation  will  be  given  by  the  equation 

^ .  sin  I  =  sin  (I  +  D) 

I  being  the  refracting  angle  of  the  prism.     D  therefore  is  a  function  of  yu,  and  if  p.  vary  by  the  infinitely  small 
increment  B  /i,  t.  e,  if  we  pass  from  any  one  ray  in  the  spectrum  to  the  consecutive  ray,  D  will  vary  by  5  D, 
and  the  relation  between  these  simultaneous  changes  will  be  given  by  the  equation  resulting  from  the  dUKren-         ^ 
tiation  of  the  above  with  the  characteristic  B  :  thus  we  get 

«/t.sinI  =  «D.cosa  +  D);         BD^Bfi.—^l^^  (a) 

It  is  evident,  then,  that  as  fn  varies,  D  also  varies ;  and,  therefore,  that  no  two  of  the  refracted  and  coloured  rays 
will  coincide,  but  will  be  spread  over  an  angle,  in  the  plane  of  refraction,  the  greater,  the  greater  is  the  total 
variation  of  ^  fit>m  one  extreme  to  the  other. 
406.  In  order  to  justify  the  term  analysis^  or  decomposition^  as  applied  to  the  separation  of  a  beam  of  white  Ii^t^.^c±t 

Analyni      into  coloured  rays,  we  must  show  by  experiment  that  white  light  may  be  again  produced  by  the  synthma  of  th< 
?***  f^°^hle  •^^"^'^^^'y  "^y^'     ^^^  experiment  is  easy.    Take  two  prisms  ABC,  a 6c  of  the  same  medium,  and  " 
liEfat  equal  refracting  angles,  and  lay  them  very  near  together,  having  their  edges  turned  opposite  ways,  as  in  fig.  87. 

Iig.  87.      With  this  disposition,  a  parallel  beam  of  white  light  intromittc^  into  the  face  A  C  of  the  first  prism,  will  ei 
from  the  face  6  c  of  the  last,  undeviated,  and  colourless,  as  if  no  prisms  were  in  the  way.    Now  the  dispi 
having  been  fully  completed  by  the  prism  ABC,  the  rays  in  passing  through  the  thin  lamina  of  air  B  C  a  c 
have  existed  in  their  coloured  and  independent  state,  and  been  dispersed  in  their  directions ;  but  being  refr 
by  the  second  prism  so  as  to  emerge  parallel,  the  colour  is  destroyed  by  the  mixture  and  confusion  of  the  ra] 
Fig.  88.      To  see  more  clearly  how  this  takes  place  in  fig.  88,  let  S  R  and  S  V  be  two  parallel  white  rays,  incident  cm 
first  prism,  and  separated  by  refraction ;  the  former  into  the  coloured  pencil  R  cv,  the  latter  into  a  pencil  ezi 
similar  to  V  r  c.     Let  R  e  be  the  least  refracted  ray  of  the  former  pencil,  and  V  c  the  mod  refracted  of 
latter.    These,  of  course,  must  meet ;   let  them  meet  in  c,  and  precisely  at  c  apply  the  vertex  of  the  secoi 
prism,  having  its  side  ca  parallel  to  C  B,  but  its  edge  turned  in  the  opposite  <Urection ;  then  will  the  rays  R 
and  Y  e^  eadi  for  itself,  ai^  independent  of  the  othery  be  refracted  so  as  to  emerge  parallel  to  its  original  direetioc^==' 
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,  S  R,  S  V,  and  the  emergent  rays  will  therefore  he  coincident  and  superimposed  on  each  other  as  a.  Thus  the  Pvt  IL 
•^  emergent  ray  c«  will  contain  an  extreme  red  and  an  extreme  violet  ray*  But  it  will  also  contain  every  inter- 
fnediate  variety;  for  draw  rf  anywhere  between  cR  and  c  V,  Then,  since  the  ang^le  wliich  c^* makes  with  the 
surface  B  C  is  greater  than  that  made  by  tlie  extreme  violet  ray  CB,  but  less  than  that  made  by  the  extreme 
red,  there  must  exist  some  value  of  ^t  intennediate  between  its  extreme  values,  which  will  give  a  deviation  equal 
to  the  angle  between  cf  and  S  Y  parallel  to  SR.  Consequently,  if  SY  be  a  while  ray,  separated  into  the 
pencil  Yr^^/  by  refraction,  the  coloured  ray  Y/c  of  that  particular  refrang^ibilrty  will  fall  on  c,  and  be  refracted 
alon^  ca.  Every  point  then  of  the  surface  gfh  will  send  to  c  a  ray  of  diflerent  refrang-ibility,  comprehending  all 
th«  values  of  ,n  from  the  greatest  to  the  least.  Thus  all  the  coloured  elements,  thoug-h  atl  belonging-  originally 
to  different  white  rays,  will,  after  the  second  refraction,  coincide  in  the  ray  c*,  and  experience  proves  that  so 
reunited  they  form  white  lig'ht.  White  light,  then,  is  re-composed  when  all  the  coloured  elements,  even  though 
ori|rinalIy  belonging  to  separate  white  rays,  are  united  in  place  and  direction. 

In  the  reflexion  of  light,  regarded  as  a  case  of  refraction,  p.  has  a  specific  numerical  value,  and  cannot  vary 
without  subverting  tl>e  fundamental  law  of  rerflexion.  Thus,  there  is  no  dispersion  into  colours  produced  by 
reflexion,  because  alt  the  coloured  rays  after  reflexion  pursue  one  and  the  same  course.  There  is  one  exception 
to  this,  more  apparent  than  real,  when  light  is  reflected  from  the  base  of  a  prism  internally,  of  which  more 
hereafter. 

The  recomposition  of  white  from  coloured  liglit  may  be  otherwise  shown,  by  passing  a  small  circular  beam  of 
8olar  light  through  a  prism  ABC,  (fig.  89,)  and  receiving  the  dispersed  beam  on  a  lens  E  D  at  some  distance,  Spthwis 
If  a  white  screen  be  held  behind  tlie  lean,  and  removed  to   a  proper  distance,  the  whole  spectrum  will  be  °}  ^^j^^ 
reunited  in  a  spot  of  white  light.     The  way  in  which  this  happens  will  be  evident  by  considering  the  figure,  in  ?^      ^ 
which  TE  and  TD  represent  the  parallel  pencils  of  rays  of  any  two  colours  (red  and  violet,  tbr  instance)  into 
which  the  incident  white  beam  S  T  is  dispersed.     These  will  be  collected  after  refraction,  each  in  its  own  proper 
focus ;  the  former  at  F,  the  latter  at  G;  after  which  each  pencil  diverges  again,  the  former  in  the  cone  F  H,  the 
latter  in  G  H.     If  the  screen  then  be  held  at  H,  each  of  these  pencils  will  paint  on  it  a  circle  of  its  own  colour^ 
and  so  of  course  will  all  the  intermediate  ones ;  but  these  circles  all  coinciding,  the  circle  H  will  contain  all  the 
rays  of  the  spectrum  confounded  together,  and  it  is  found  (with  the  esiception  of  a  trifling  coloured  fringe  about 
the  edges,  arising  from  a  slight  overlapping  of  the  several  coloured  images)  to  he  of  a  pure  whiteness. 

That  the  reunion  of  a/l  (he  coloured  rays  is  necessary  to  produce  whiteness,  may  be  shown  by  intercepting  a 
portion  of  the  spectrum  before  it  falls  on  the  lens.     Tims,  if  the  violet  l>e  intercepted,  the  white  will  acquire  a 
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tinge  of  yellow ;   if  the  blue  and  green  be  successively  stoppetl,  this  yellow  tinge  will  grow  more  and  more  ruddy,  ^^   ^^ 
tad  pass  through  orange  to  scarlet  and  blood  red,     U\  on  the  other  hand,  the  red  end  of  the  spectrum  be  white. 
stopped,  and  more  and  more  of  the  less  refrangible  portion  thus  successively  abstracted  Irom  the  beam,  the  white 
will  pass  first  into  pale  and  then  to  vivid  green,  bkie-green,  blue,  and  finally   into  violet.      If  the   middle 
portion  of  the  spectrum  be  intercepted,  the   remaining  rays,  concentrated,   produce  various  shades  of  purple^  ^H  »i*^r4l 
crimson,  or  plum-colour,  according  to  the  portion  by  which  it  is  thus  rendered  deficient  from  white  light ;    and  [j^J^^ y""'' 
by  varying  the  intercepted  rays,  any  variety  of  colours  may  be  produced  ;   nor  is  there,  any  shade  of  colour  in  combioi- 
naiure  which  may  not  thus  be  exactly  itnitated,  with  a  brilliancy  and  richness  surpassing  that  of  any  artificial  liomof  ih« 
colouring,  prism  »tic. 

Now,  if  we  consider  that  all  these  shades  are  produced  on  white  paper,  which  receives  and  reflects  to  our  eyes 
whatever  light  happens  to  fall  on  it ;  and  that  the  same  paper  placed  successively  in  the  red,  green,  and  blue 
portion  of  the  spectrum,  will  appear  indifferently  red,  or  green,  or  blue,  we  are  naturally  enough  led  to  conclude, 
thai 

The  colours  of  natural  bodies  are  not  qualities  inherent  in  the  bodies  ihemsdves,  by  which  they  immediately  affect      410, 
cur  sense ^  but  are  mere  consequences  of  that  peculiar  disposition  of  the  particles  of  each  body^  by  which   it  is  Colours  not 
enabled  more  copiously  to  refltxt  the  rays  of  one  particular  colour^  and  to  transmit^  or  stifle^  or^  as  it  is  called  in  j»*^ere»it  *<* 
Optics,  absorb  the  others.  ^°^^^- 

Such  is  the  Newtonian  doctrine  of  the  origin  of  colours.     Every  phenomenon  of  optics  conspires  to  prove  its      4u^ 
justice.     Perhaps  the  most  direct  and  satisfactory  proof  of  it  is  to  be  found  in  the  simple  fact,  that  every  body,  proved  by 
indiflerently,  whatever  be  its  colour  in  white  light,  when  exposed  in  the  prismatic  spectrum,  appears  ofllie  colour  expcrianiot 
appropriate  to  that  part  of  the  spectnim  in  which  it  is  placed ;  but  that  its  tint  is  incomparably  more  "sivid  and 
lull  when  laid  in  a  ray  of  a  lint  analogous  to  its  hue  in  white  lights  ihan  in  any  other.     For  example,  vermillion 
placed  in  the  red  rays  appears  of  the  most  vivid  red  ■   in  the  orange,  orange  ;  in  the  yellow,  yellow,  but  less  bright 
In  the  green  rays,  it  is  green  ;  but  fi-om  the  great  inaptitude  of  verm ii lion  to  reflect  green  light,  it  appears  dark 
and  dulJ ;  still  more  so  in  the  blue ;  and  in  the  indigo  and  violet  it  is  almost  completely  black.     On  the  other 
hand,  a  piece  of  dark  blue  paper,  or  Prussian  blue,  in  the  indigo  rays  has  an  extraordinary  richness  and  depth  of 
bhie  colour.     In  the  green  its  hue  is  green,  but  much  less  intense ;  while  in  the  red  rays  it  is  almost  entirely 
black.     Such  are  the  phenomena  of  pure  and  intense  colonrs;    but  bodies  of  mixed  tints,  as  pink  or  yellow 
paper,  or  any  of  the  lighter  shades  of  blue,  green,  brown,  &c.,  when  placed  in  any  of  the  prismatic  rays,  reflect 
Uiem  in  abundance,  and  appear,  for  the  time,  of  the  colour  of  the  ray  in  which  they  are  placed. 

Refraction  by  a  prisim  atlbrds  us  the  means  of  separating  a  ray  of  white  light  into  the  rays  of  different  refran-       412, 
gibilily  of  which  it  consists,  or  of  analyzing  it.     But  to  make  the  analysis  complete,  and  to  insulate  a  ray  of  any  Precautions 
particular  refran gi hi lity  in  a  state  of  perfect  purity,  several  precautious  are  ref|uired,  the  chief  of  which  are  as  **^^^*|J^^^^, 
follows:    IhL  The  beam  of  J ight  to  be  analyzed  must  be  very  small,  as  nearly  as  possible  approaching  to   a  mogeneity 
mathematical  ray;  for  if  AB,  ab  be  a  beam  of  parallel  rays  of  any  sensible  breadth  (f\^,  99)  incident  on  the  of  a  ray, 
prism  P,  the  extreme  rays  A  B,  a  b  will  each  be  separated  by  refraction  into  spectra  G  B  H  and  gbh:  B  G,  fig  ^%  89. 
being  the  violet,  and  B  H,  bh  the  red  rays  of  each  respectively  ;  and  since  kU,  ab  are  parallel,  therefore  C  G 
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Ligbt  and  eg  will  be  so,  and  also  D  H  and  (2  A.  Hence  the  red  ray  D  H  from  B  will  intersect  the  violet  eg  from  ^  Pntri 
v««-s/^^  in  some  point  F  behind  the  prism ;  and  a  screen  E  F/  placed  at  F  will  have  the  point  F  illuminated  by  a  red  ^'*- 
lit  Small-  ray  from  B,  and  a  violet  one  from  b ;  and  therefore  (as  is  easily  seen)  by  all  the  rays  intermediate  between  the 
?i^dent  "^  ^^^  violet,  from  points  between  B  and  6.  F  therefore  will  be  white.  If  the  screen  be  placed  nearer  the 
pencil.  prism  than  F,  as  at  K  L  Ar  ^  it  is  clear  that  from  any  point  between  L  and  k  lines  drawn  parallel  to  K  C,  D  L,  to 
any  intermediate  direction,  will  fall  between  C  and  c,  D  and  <f,  &c.,  respectively ;  and  therefore  that  every  point 
between  L  and  k  will  receive  from  some  point  or  other  of  the  sur&ce  Cd  of  the  prism  a  ray  of  each  eoioor, 
and  will  therefore  be  white.  A^n,  any  point  as  x  between  k  and  I  can  receive  no  violet  ray,  nor  any  ray  of  the 
spectrum  whose  angle  of  deviation  is  greater  than  180°  —  a  6  j?;  for  such  ray  to  reach  x  must  come  from  a  pert 
of  the  prism  below  6,  which  is  contrary  to  the  supposition  of  a  limited  beam  A  B,  a  6 ;  but  all  rays  whose 
angle  of  deviation  is  less  than  180°—  aSx,  will  reach  x  from  some  part  or  other  of  the  surface  BD.  Henoe 
the  colour  of  the  portion  A:  2  of  the  image  on  the  screen  will  be  white  at  A:,  pure  red  at  2,  and  intennediete 
between  white  and  red,  or  a  mixture  of  the  least  refrangible  rays  of  the  spectrum  at  any  intermediate  p<nnt ; 
and,  in  the  same  manner,  the  portion  K  L  will  be  white  at  L,  violet  at  K,  and  at  any  intermediate  point  wiU  have 
a  colour  formed  by  a  mixture  of  a  grater  or  less  portion  of  the  more  refirangible  end  of  the  spectrum.  If  the 
screen  be  removed  beyond  F,  as  into  the  situation  G^  H  A,  the  white  portion  will  disappear,  no  point  between  g 
and  H  being  capable  of  receiving  any  ray  whose  angle  of  deviation  is  between  180°—  ah  g  and  180  —  « 6  H.. 
We  may  regard  the  whole  image  G  A  as  consisting  of  an  infinite  number  of  spectra  formed  by  every  elementary 
ray  of  which  the  beam  AB  a6  is  composed,  overlapping  each  other,  so  that  the  end  of  each  in  succession  projeets 
beyond  that  of  the  foregoing.  The  fewer,  therefore,  there  are  of  these  overlapping  spectra,  or  the  smaller  the 
breadth  of  the  incident  beam,-  the  less  will  be  the  mixture  of  rays  so  arising,  and  the  purer  the  colours.  Removal 
of  the  screen  to  a  greater  distance  from  the  prism,  evidently  produces  the  same  effect  as  diminution  of  the  siae* 
of  the  beam ;  for  while  each  colour  occupies  constantly  the  same  space  on  the  screen  (for  Gg  =  KA:)  the  whi^e 
spectrum  is  difiused  over  a  larger  space  as  the  screen  is  removed,  by  the  divergence  of  its  component  rays  of 
(Ufferent  colours,  and  therefore  the  individual  colours  must  of  necessity  be  continually  more  and  more  separated 
firom  each  other. 

413.  Sndly.  Another  source  of  confusion  and  want  of  perfect  homogeneity  in  the  colours  of  the  spectrum^  is  the 
2nd.  Sm^l  angular  diameter  of  the  sun  or  other  luminary,  even  when  the  aperture  through  which  the  beam  is  admitted  ia 
veSenJe  of  ^^^  ^  ™"®^  diminished.  For  let  S  T  (fig.  90)  be  the  sun,  whose  rays  are  admitted  to  the  prism  ABC  through 
ihe^ncU.  ^  ^^ry  8"^^^  ^®^®  O  in  a  screen  placed  close  to  it.  The  beam  will  be  dilated  by  refiraction  into  the  spectrum  vr. 
Fi»:.  90.      Now,  if  we  consider  only  the  rays  of  one  particular  kind,  as  the  red,  and  regard  all  the  rest  as  suppressed,  it  is 

clear  that  a  red  image  r  of  the  sun  will  be  formeil  by  them  alone  on  the  screen ;  the  rays  from  every  point  of 
the  8un*8  disc  crossing  at  O,  and  pursuing  (after  refraction)  different  courses.  If  the  prism  be  placed  in  its 
situation  of  minimum  deviation,  which  at  present  we  will  suppose,  this  image  will  be  a  circle,  and  it  and  the  son 
will  subtend  equal  angles  at  O.  In  like  manner,  the  violet  rays  (considered  apart  firom  the  red)  will  form  a 
oircular  violet  image  of  the  sun,  at  v,  by  reason  of  their  greater  refrangibility ;  and  every  species  of  ray,  of 
intermediate  refrangibility,  will  fbrm,  in  like  manner,  a  circular  image  between  r  and  v.  The  constitution  of  the 
spectrum  so  arising  will  therefore  be  as  in  fig.  91,  a,  being  an  assemblage  of  images  of  every  possible  refrangi- 
bility superposed  on  and  overlapping  each  other.  Now,  if  we  diminish  the  angular  diameter  of  the  sun  or 
luminary,  each  of  these  images  will  be  proportionally  diminished  in  size ;  but  their  number,  and  the  whole 
extent  over  which  they  are  spread,  will  remain  the  same.  They  will  therefore  overiap  less  and  le^s,  (as  in 
Fig.  91.      fig.  91,  h,  c;)  and  if  the  luminary  be  conceived  reduced  to  a  mere  point  (as  a  star)  the  spectrum  will  consist  of  * 

a  line  d  composed  of  an  infinite  number  of  mathematical  points,  each  of  a  perfectly  pure  homogeneous  light. 

414.  There  are  several  ways  by  which  the  angular  diameter,  or  the  degree  of  divergence  of  the  incident  beam  may  ^ 
Experimen-  be  diminished.  Thus,  first,  we  may  admit  a  sunbeam  through  a  small  hole,  as  A,  in  a  screen,  and  receive  the  ^ 
'  f*  ibta?T**  divergent  cone  of  rays  behind  It  on  another  screen  B,  (fig.  7,)  at  a  considerable  distance,  having  another  smell  MA 
homo«H  ^^^^  ^  ^^  ^^^  P»**»  *>ot  the  whole,  but  only  a  small  portion  of  the  sun's  image.  The  beam  B  C,  so  transmitted,  ^  J, 
neous  pris-  will  manifestly  have  a  degree  of  divergence  less  tlian  that  of  the  beam  immediately  transmitted  fiom  A  in  the  ^^jb 
malic  rays,  proportion  of  the  diameter  of  the  aperture  B  to  the  diameter  of  the  sun's  image  on  the  screen  B. 

^*fii ft  Another  and  much  more  commodious  method  is  to  substitute  for  the  sun  its  image  formed  in  the  (bens     —  ■■ 

Qo'      ^^  ^  convex  lens  of  short  focus.    This  image  is  of  very  small  dimensions,  its  diameter  being  equal  to  foeal     WmA 

**^  ^*'      length  of  the  lens  x  sine  of  sun's  angular  diameter,  (or  sine  of  80',  which  is  about  one  114th  part  of  radios,),  j-^^. 
so  that  a  lens  of  an  inch  focus  concentrates  all  the  rays  which  fall  on  it  within  a  circle  of  about  the  114th 
of  an  inch  in  diameter,  which,  for  this  purpose,  may  be  regarded  as  a  physical  point    The  disposition  of  the 
apparatus  is  as  represented  in  fig.  92.    The  rays  converged  by  the  lens  L  to  F,  afterwards  diverge  as  if  they ' 
emanated  from  an  intensely  bright  luminous  point  placed  at  F,  and  a  screen  with  a  small  ajierture  O 
placed  at  a  distance  from  it,  and  close  behind  it  the  prism  ABC,  the  spectrum  r  v  may  be  received  on  a  i 
again  placed  at  a  considerable  distance  behind  the  prism,  each  of  whose  points  will  be  illuminated  by  rays  of  a^a»     '_% 
very  high  degree  of  purity  and  homogeneity,  and  by  diminishing  the  focal  length  of  the  lens,  and  the  apertnrse 
O,  and   increasing  the  distance  FO,  or  O  r,  this  may  be  carri^  to  any  extent  we  please.    It  8hould»  however,. 
be  remarked,  that  the  intensity  of  Uie  purified  ray,  and  the  quantity  of  homogeneous  light  so  obtained,  utt 
diminished  in  the  same  ratio  as  the  purity  of  the  ray  is  increased. 
416.         A  third  method  of  obtaining  a  homogeneous  beam  is  to  repeat  the  process  of  analysis  on  a  ray  as  ne 

Fig.  93.      pure  as   can  be   conveniently  obtained  by  refraction  through   a  single  prism.    Thus,  in  fig,  98,  V  R,    __^  _ 

spectrum  formed  by  a  first  refraction  at  the  prism  A,  is  received  on  a  screen  which  Intercepts  the  whole  of9^^ 
it,  except  that  particular  colour  we  wish  to  insulate  and  purify,  which  is  allowed  to  pass  through  an  apertuie^  ^ 
M  N ;  behind  this  is  placed  another  prism  B,  so  as  to  refract  this  beam  a  second  time.    If  then  the  portion    —' 
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which  the  rays  diverge,  as  from  a  fine  luminous  line^  In  the  manner  described  in  Art,  415  for  a  lens.     If  now  th« 

eye  be  applied  close  behind  the  prism,  the  line  will  be  seen  dilated  into  a  broad  coloured  band,  consistinrr 
prismatic  colours  in  their  order ;  and  if  the  prism  be  good,  and  cart'fully  placed  in  its  situation  of  mm 
deviation,  and  of  sufficiently  larg-e  refiracting-  angle  to  give  a  broad  spectrum,  some  of  the  more  remark ablti  ( 
the  fixed  lines  will  be  seen  orraiig-ed  parailel  to  the  edge^  of  the  spectrum,  especially  the  lines  D  and  F,  I 
former  of  which  appears,  in  this  way  of  viewing"  it,  to  form  a  separation  between  the  red  and  the  yellow* 
the  li|2rht  of  the  stm  be  too  bright,  so  as  to  dajszle  the  eye,  any  narrow  line  of  common  dayligiit  (as  the 
between  two  nearly  closed  window- shutters)  may  be  substituted.     This  was  tlie  mode  in  which  the  fixed  lia 
were  first  thscovercd  by  Dr.  Wollaston. 

But  it  is  difficult  and  requires  acute  sight  to  perceive,  in  this  manner,  any  but  the  most  conspicuous  tin 
The  reason  is,  their  very  small  angulnr  breadth  ;  which,  in  the  largest  of  them,  can  scarcely,  under  any  cire 
stances,  exceed  half  a  minute,  and  in  the  smaller  not  more  than  a  few  seconds.  They  require,  therefore,  to  1 
magnified.  This  may  he  done  by  a  telescope  interposed  between  the  eye  and  the  prism,  in  the  manner  repfi 
senled  in  fig-,  95,  in  which  L/  is  the  line  of  light,  from  which  rays,  diverging  in  all  directions,  fall  on  the  prisnl 
ABC,  are  refracted  by  it,  and  after  refraction  are  received  on  the  object-glass  D  of  the  telescope.  This  objec* 
glass,  it  should  be  observed,  must  be  of  that  kind  denominated  «c/tra?/ifl//c,  to  be  presently  described,  (seelndei^, 
and  of  which  it  need  only  he  here  said,  that  it  is  so  constructed  as  to  be  capable  of  bringing  rays  of  all  colours  to  fo( 
at  one  and  the  same  distance  from  the  glass.  Now,  if  we  consider  only  rays  of  any  one  degree  of  refrangibiliri 
(the  extreme  red,  for  instance)  the  pencils  diverging  from  every  point  of  h  I  wilt,  after  refraction  at  the  tn 
surfaces  of  the  prism,  diverge  from  corresponding  points  of  an  image  L'J^  situated  in  the  direction  from  th|l 
base  towards  the  vertex  of  the  prism.  Rays  of  any  greater  refrangibility  will,  after  refraction  at  the  prism,  di¥ej^l 
from  a  linear  image  L'T'  parallel  to  1m' i\  but  farther  from  the  original  line  hl»  Thus  the  white  line  hi  vt^jA 
af\er  refraction  at  the  prism,  have  for  its  imag-e  the  coloured  rectangle  L*  L^'iT',  which  will  be  viewed  Uitougil 
the  telescope  as  if  it  were  a  real  object.  Now  every  vertical  line  of  tliis  parallelogram  will  form  in  the  fi>cu»<lff 
the  object-glass  a  corresponding  vertical  image  of  its  own  colour  ;  and  the  object-glass  being  achromatic,  aUl 
these  images  are  equidistant  from  it,  so  that  the  whole  image  of  tlie  parallelogram  U  t'^  will  be  a  similar  colourdl 
parallelogram,  having  its  plane  perpendicular  to  the  axis  of  tlie  telescope.  This  will  be  viewed  as  a  real  olijedl 
through  the  eye-glass,  and  the  spectrum  will  thus  be  mag^nified  as  any  other  object  would  be,  according  to  tlie  j 
power  of  the  telescope,  (Art,  382,)  With  this  disposition  of  the  apparatus  (which  is  that  employed  by  Frautt^l 
holer)  the  fixed  lines  are  beautifully  exhibited,  and  (if  the  prism  be  perfect)  may  be  magnified  to  any  eitenUJ 
Tlie  slightest  defect  of  homogeneity  in  the  prism,  however,  as  may  be  readily  imagined,  is  fatal.  With  ^U<«  I 
prisms  of  our  manufacture  it  would  be  quite  useless  to  attempt  the  experiment;  and  those  who  would  repoitili 
in  this  country  should  employ  prisms  of  highly  refractive  liquids,  enclosed  in  hollow  prisms  of  good  plate  glai&l 
The  eye-pieces  of  telescopes,  not  being  usually  achromatic,  a  slight  change  of  focus  is  still  required,  when  lh»  I 
lines  in  the  red  and  violet  portions  of  the  spectrum  are  to  be  viewed.  This  (if  an  inconvenience)  rai^htbfl 
obviated  by  the  use  of  an  achromatic  eye-piece. 

That  an  actual  image  of  the  spectnim,  with  its  fixed  lines,  is  really  formed  in  the  focus  of  the  object-gliisa*  J 
as  described,  may  be  easily  shown,  by  dismounting  the  telescope,  and  receiving  the  rays  refracted  by  the  objec^ 
glass  on  a  screen  in  its  focus.  This,  indeed,  affords  a  peculiarly  elegant  and  satisfactory  mode  of  exhibiting  th« 
phenomena  to  several  persons  at  once.  An  achromatic  object-glass  of  considerable  focal  length  (6  feet,  fijf 
instance)  should  be  placed  at  about  twice  its  focal  length  from  the  line  of  light,  and  (the  prism  being  plac^ 
immediately  before  the  glass)  the  image  will  be  formed  at  about  the  same  distance,  12  feet  behind  it,  (/=  L-f 
D  ;  L  =  I ;  D  =  —  iV ;  /~  f  —  A  —  +  tV)  and  being  received  on  a  screen  of  white  paper  or  emeried  gla« 
may  be  examined  at  leisure,  and  the  distances  of  the  lines  from  each  other,  &c»  measured  on  a  scale*  But  by 
far  the  best  methods  of  performing  these  measurements  are  those  practised  by  Fraunhofer,  viz.  the  adaptation 
of  a  micrometer  to  the  eye-end  of  the  telescope,  (see  Micromder^  m  a  subsequent  part  of  this  Article,)  for  isoer- 
taining  the  distances  of  the  closer  lines;  and  the  giving  the  axis  of  the  telescope,  together  wnth  the  prism  which 
is  connected  with  it,  a  motion  of  rotation  in  a  horizontal  plane,  the  extent  of  which  is  read  olf  by  verniers  jmkI 
microscopes  on  an  accurately  graduated  circle,  in  the  same  way  as  in  astronomical  observations.  The  apj>aralu^ 
employed  by  him  for  this  purpose,  and  which  is  applicable  to  a  variety  of  useful  purposes  in  optical  lesearcha, 
is  represented  in  fig.  ^6, 

The  fixed  lines  in  the  spectrum  do  not  mark  any  precise  limits  between  the  diflferent  colours  of  which  It 
consists.     According  to  Dr,  Wollaston,  (PkiL  Trans.,  1802,)   the  spectrum  consists  of  only  four  colours,  red. 
green,  biiie,  and  violet ;  and   he  considers  the  narrow  line  of  yellow  visible  in  it  in  his  mode  of  examination 
already  described  (looking  through  a  prism  at  a  narrow   line  of  light  with  the  naked  eye)  as  arising  from  i  \ 
mixture  of  red  and  greeu.     These  colours,  too,  he  conceives  to  be  well  defined  in  the   spaces  they  occupy,  aal  J 
graduating  insensibly  into  each  other,  and  of,  sensibly,  the  same  tint  throughout  their  whole  extent.     We  (infeilJ 
we  have  never  been  able  quite  satisfactorily  to  verify  this  last  observation,  and  in  the  experiments  of  Prannhofe^l 
(which  we  had  the  good  fortune  to  witness,  as  exhibited  by  himself  at  Munich,)  where,  from  the  perfect  distinctE» 
of  the  finest  lines  in  the  spectrum,  all  idea  of  confusion  of  vision,  or  intermixture  of  rays  is  precluded,  the  1 
are  seen  to  pass  into  each  other  by  a  periectly  insensible  gradation  ;  and  the  same  thing  may  be  noticed  in  tb 
coloured  representations  of  the  spectrum  published  in  the  first  essay  of  that  eminent  artist,  and  executed 
himself  with  extraordinary  pains  and  fidelity.     The  existence  of  a  pale  straw  yellow,  not  of  mere  linear  breadtl 
but  occupying  a  very  sensible  space  in  tfie  spectrum,   is  there  very  conspicuous,  and  may  also  be  satisfactori 
shown  by  other  experiments  to  be  hereafter  described,  when  we  come  to  speak  of  the  absorption  of  light. 
short,  (with  the  exception  of  the  fixed  lines,  which  Newton's  instrumental  means  did  not  enable  him  to  see,)  L 
spectrum  is,  what  that  illustrious  philosopher  originally  described  it,  a  graduated  succession  of  tints,  in  which  i 


i  E  (D  -  D')  = 


Putting  this  equaJ  lo  zero,  we  have 


and,  elifninatitig  sin  J  A  and  sio  |  A'  from  this,  by  means  of  the  two  original  equations  from  which  we  set  owl,  | 

we  get 

a/i         j^  _    cos  j^  (A  +  D)  sin  i  (A^  4>  PQ    _     tan  j^  (V  +  DQ 

a/    ^      ^    ^    cosi(A'+iy)    ^    sin4(A-hD)  tan  i  (A -)- D) 

Now  if  we  call  p,  p'  the  dispersive  powers  of  the  mediji,  or  the  proportional  parts  of  the  whole  refractions  of  (btf 
extreme  red  ray,  to  which  the  dispersion  is  equal,  we  shall  have 


Such  is  the  strict  formula,  which,  when  A  and  A'  are  verv  smalt,  becomes 
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The  formula  just  ohtained,  fiiraishes  us  with  an  experimental  method  of  determining  the  ratio  of  the  di?^ersi« 
powers  of  two  media.     For  if  we  can  by  any  means  succeed  in  forming  them  into  two  prisms  of  such  rcfractit^ 
'  angles,  thai,  when  placed  in  their  respeclive  positions  of  minimum  deviation,  a  well  defined  bright  object,  \m 
through  both,  shall  appear  well  defined  and  free  from  colour  at  its  edges;  then,  by  measuring  their  angl< 
knowing  also  from  other  experiments  their  refractive  indices,  the  equation  (a)  gives  us  immtfdiately  the  i 
question. 

When  we  view  through  a  prism  any  well  defined  object,  either  much  darker  or  much  lighter  than  the 
against  which  it  is  seen  projected,   as,  for  instance,  a  window  har  seen  against  the  sky,  its  edges  appear! 
with  colours  and  ili  defined.     The  reason  of  this  may  be  explained  as  follows: 

Let  A  B,  fig.  99,  be   the  section  of  a  horizontal  har  seen  through  the  prism  F  held  with  its  refracting  edg»l 
downwards,  and  first  let  us  consider  what  will  be  t!ie  appearance  of  the  upper  edge  B  of  the  object.     Since  wi  j 
see  by  light,  and  not  by  darkness^  the  thing  really  seen  is  not  the  dark  object,  but  the  bright  ground  on  wHicb  it] 
stands,  or  the  bright  spaces  B  C,  A  D  above  and  below.     Now  the  bright  space  B  C  above  the  object  being  j 
illumiutited  with  white  light,  will,  after  refnictlon  at  the  prism,  form  a  succession  of  coloured  images  frc^/»V,  I 
6^'  (/',  &c.,  superposed  on  and  overlapping  each  other.     They  are  represented  in  the  figure  as  at  dliferent  (ii$- ] 
tances  from  l\  but  this  is  only  to  keep  iheni  distinct.    In  reality,  they  must  be  supposed  to  lie  upon  and  iaterfcrt 
with  each  other.     The  least  refracted  b  c  of  these  is  red,  and  the  most  refracted  &''  r^^'  violet,  and  any  in 
one  (as  b"  (/)  of  some  intermediate  colour,  as  yellow  for  instance.     Beyond  6"  no  image  exists,  so  ihiii 
space  below  6'' will  appear  dark  to  an  eye  situated  behind  the  prism.     On  the  other  hand,  above  6  the  iiiia^of  j 
every  colour  in  the  spectrum  coexist,  the  bright  space  b  c  being  supposed  to  extend  indefinitely  above  B.     Th«t» 
fore  the  space  above  6  in  the  refracted  image  will  appear  perfectly  w!nte.     Between  b  and  ¥'  there  will  be  wefli ' 
first,  a  general  diminution  of  light,  as  we  proceed  from  6  towards  h'^,  because  the  number  of  superposed  Urniinoai  1 
images  continually   decreases ;  secondly,  an   excess  in  all  this  part,  of  the  more  refrangible  rays  in  the  fpectnnn 
above  what  is  necessar^ao  form  white  light,  for  beyond  b  no  red  image  exists,  beyond  b'  no  yellow,  and  so  oni  I 
the  Inst  which  projects  beyond  all,  at  6'',  being  a  pure  unmixed  violet.     Thus  the  light  will  not  only  decrease  A  j 
intensity,  but  by  the  successive  subtraction  of  more  and  more  of  the  less  refrangible  end  of  the  spectrum  t 
acquire  a  bluer  and  bluer  tint,  deepening  to  a  pure  violet,  so  that  the  upper  edge  of  tlie  dark  object  will  app 
fringed  with  a  blue  border,  becoming  paler  and  paler  till  it  dies  away  into  whiteness.     The  reverse  will  happ 
at  the  lower  edge  A.     The  bright  space  A  P  forms,  in  like  manner,  a  succession  of  coloured  images,  a  ef,  i 
d*  d\  of  which  the  least  deviated  a  d  is  red,  the  most  a"  d"  violet,  and  the  intermediate  ones  of  the  inlerrae 
coloun*.     Therefore  the  point  a,  which  contains  only  the  extreme  red,  will  appear  of  a  sombre  red  ;  a\  whi< 
contains  all  the  rays  from  red  io  yellow  (suppose),  of  a  lively  orange  red;  and  in  proportion  as  the  other  ima 
belonging  lo  the  more  refrangible  end  of  the  spectrum  come  in,  this  tendency  to  an  excess  of  red  will  be  neutrally 
and  the  portion  beyond  a'',  containing  all  the  colours  in  their  natural  proportions,  will  be  purely  white.     He 

the  lower  edge  of  the  dark  object  will   appear  bordered  with  a  red  fringe,  whose  tiat  fiides  away  into  whiten    

in  the  same  way  as  the  blue  fringe  which  borders  the  upper  edge.  These  fringes,  of  course,  destroy  the  dis- 
tinctness of  the  outlines  of  objects,  and  render  vision  through  a  prism  confysed.  The  confusion  ceases,  and 
objects  resume  their  natural  well  defined  outlines,  if  illuminated  with  homogeneous  light,  or  if  viewed  through 
coloured  glasses  which  transmit  only  homogeneous  rays. 
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A  simpler,  perhaps,  on  the  whole,  a  better,  method  of  cornparnigf  the  dispersions  of  two  prisms,  is  ooa  ,1 
proposed  and  appUed  extensively  by  Dr.  Brewster,  in  his  ingenioos  Treatise  On  New  PhilofsophlceU  JnstrumefUi^\ii 
a  work  aboundrng"  with  curious  contrivances  and  happy  adaptations.  It  consists  in  varying,  not  the  refxactii 
angle  of  the  standard  prism,  but  the  direction  in  which  its  dispersion  is  pertbrmed.  It  is  manifest,  that  if  \ 
can  praduce  from  a  line  of  wliite  li^ht,  by  means  of  a  standard  prism  any  how  disposed,  a  coloured  fringe, 
which  the  colours  occupy  the  same  angidar  breadth  as  in  that  produced  by  a  prism  of  unknown  dispersio 
then,  the  latter,  being  made  to  refract  this  fring^e  in  a  direction  perpendicular  to  its  breadth^  and  opposite  to 
order  of  its  coloitr.%  must  destroy  all  colour  and  produce  a  compensated  refraction  ;  and  therefore  if  the  posid 
of  the  standard  prism  which  produces  such  a  fringe  be  known,  the  dispersion  of  the  other  may  be  calculi 
To  accomplish  this,  let  A  B  be  a  horizontal  luminous  line  of  considerable  length,  and  let  it  be  refracted  downa 
but  obliquely  in  the  direction  A^f,  B  6,  by  a  standard  prism  whose  dispersion  is  greater  than  that  of  the  prism  \ 
measured.  Then  it  will  form  an  oblique  spectrum  a  h  1/  a\  a  h  being  the  red,  and  ^  b*  the  violet ;  and  the 
breadth  of  this  coloured  fringe  will  h^artf=^  ad  x  sin  inclination  of  the  plane  of  refraction  to  the  horizon.  Nol 
let  the  prism  whose  dispersion  is  to  be  measured  be  made  to  refract  this  coloured  band  verticaliy  upwards ;  then,! 
the  plane  of  the  first  refraction  be  so  inclined  to  the  horizon  that  the  angle  subtended  by  am  hi  the  eje  shall  be  ja 
equal  to  the  angle  of  dispersion  of  the  other  prism,  all  the  colours  of  the  rectangular  portion  hcaf  d  will  be  made  I 
coalesce  in  the  horizontal  line  A'  B\  which  will  appear  therefore  free  from  colour,  except  at  its  extremities  AT 
where  the  coloured  triangles  aca\  bdb^vi'xYi  produce  a  red  termination  A' A"  and  a  blue  one  B'B"al 
respective  ends  of  the  line  to  which  they  correspond.  Hence,  if»  the  second  prism  remaining  fised,  with  \\»  \ 
downwards  and  parallel  to  the  horizon,  the  other  or  standard  prism  be  turned  gradually  round  in  the  plane  perj 
dicnlarto  its  principal  section^  a  position  must  necessarily  be  fonnd  where  the  twice  refracted  line  A'  B'  will  app 
free  from  colour  both  above  and  below.  In  this  position  let  it  be  arrested,  and  the  angle  of  inclination  of  i 
to  the  horizon  read  oIT;  its  complement  is  the  angle  aaf  m^  which  we  will  call  &.  Let  us  now  supp 
prism  adjusted  to  its  position  of  minimum  deviation,  and  (as  it  is  a  matter  of  indifference  which  is  place 
let  the  prism  to  be  examined  or  the  fixed  prism  be  placed  next  the  object.*  Then*  D'  and  D  being  IhetoUl  , 
deviations  produced  by  the  fixed  and  revolving  prisms  on  the  extreme  red  ray,  we  must  have 


e  D'  -  «  D  ,  sin  ^  =  0  ; 

ivhence  we  obtain 


^. 


^    ,     .     A'  A^  +  D^        ,        .      A  A  +  D       ,    . 

or  B  ^' .  sin  — ^  .  sec ^  £  /c ,  am  — -  ,  sec .  sm  &, 


j^i      t-H^+^     ^.^^. 


/  -  I    '    tan  i  (A'  +  DO 
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method. 


where  the  angles  |  (A  +  D)  and  J  (A'  +  DO  are  given  by  the  equations 

sin  i  (A  +  I>)  =  ^  .  sin  X  i  A  ;        sin  J  (A^  4-  DO  ^  ^  •  sin  4  A'; 

from  which  formula,  0  being  known,  and  also  the  angles  ana    efractivc  indices  of  the  two  prisms,  the  r^tio  (A 
their  dispersions  is  found* 

By  these,  or  other  similar  methods,  may  the  dispersions  of  any  media  be  compared  with  those  of  any  otkf 
taken  as  a  standard.     If  the  media  be  solid,  they  must  be  formed  into  prisms;  if  fluid,  they  must  be  enclosed  ia 
hollow  prisms  of  truly  parallel  plates  of  glass^  whose  angles  must  be  accurately  determined,  (and  one  of  whkh 
will  sen^e  for  any  number  of  fluids.)     But  to  ascertain  directly  the  dispersion  of  that  standard  prism,  wemttSt 
pursue  a  different  course.     The  first  method  which  obviously  presents  itself,  is  to  measure  the  actual  length  <il 
the  solar  spectrum  cast  by  a  prism  of  given  refracting  angle;  but  the  light  of  the  spectrum  dies  away  soindi  I 
finitely  at  both  ends,  and  its  visible  extent  varies  so  enormously  with  the  brightness  of  the  sun,  and  the  niof|*| 
or  less  perfect  exclusion  of  extraneous  light,  that  nothing  oertain  can  be  concluded  from  such  measures,    YetJ 
if  the  brighter  rays  of  the  spectrum  be  destroyed,  and  the  eye  defended  from  all  offensive  light  by  a  glass  i 
permits  only  the  extreme  red  and  violet  rays  to  pass,  (see  Index,  Absorption,)  some  degree  of  accuracy  may! 
obtained  by  this  means.     A  method  founded  on  this  principle  has  been  described  by  the  writer  of  these  p 
in  the  TramaciionM  of  the  Royal  Society  of  Edinburgh^  vol.  ix.  as  follows :  Let  A  and  B  he  two  verUcat  i 
angular  slits  in  a  screen  placed  before  an  open  window,  the  one  being  half  the  length  of  the  other,  and  at  ( 
known  distance  from  each  other.     The  eye  being  guarded  as  above  described,  let  the  slits  be  refracted  by  tH 
prism  (in  its  minimum  position)  from   the  longer  towards  the  shorter.     Then  will  a  red  and  violet  image  ( 
each  c,  &,  and  a',  b'  be  seen.     Now  let  the  prism  be  removed  from  the  slits,  (or  vict  versd^)  still  preserving  1 
position  of  minimum  deviation,  till  the  violet  image  of  the  longer  slit  exactly  falls  upon  and  covers  the  i 
image  of  the  shorter,  ajs  in  the  position  i/  b  of  the  figure.     Then  it  is  obvious,  that  the  distance  between 
slits,  divided  by  their  distance  from  the  prism,  is  the  sine  of  the  total  angle  of  dispersion,  or  is  equai  to  1 1 
and  this  being  known 

a  D       cos4(A  +  D) 


«^  = 


sin  §  A 


e  ft 


and   therefore   ^-^ ,  or  »j  the  dispersive  power,  i 


s  obtained. 


•  Dr.  Brewitef  h»s  chosen  a  somewhat  different  position,  (Trfalitf^  4rf.  p,  296,)  with  «  view  to  simplify  the  fonniilc  j  liul  H  doei  not 
tppev  to  us  that  aoy  td^^ntage  is  |amed  in  that  respect  by  his  ajrangemettt 
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Ufht     and  its  other  physical  properties  (so  far  as  they  depend  on  the  refran^bility  of  the  ray)  determined.    Ilnu 
^"^V^^  1.333577  being  known  to  be  the  refractive  index  for  a  ray  in  water,  that  ray  can  be  no  other  than  the  paiticiilar  ^ 
ray  D,  whose  colour  is  pale  orange-yellow,  and  which  is  totally  deficient  in  solar  light,  and  peculiarly  abundant 
in  the  light  of  certain  flames.     Now  let  x  be  the  refractive  index  of  any  ray  whatever  for  water,  or  its  plaee  in 
the  water  scale.     Then  it  is  evident,  that  its  refractive  index  for  any  other  medium  must  of  necessity  be  a  function 
of  JT,  because  the  value  of  x  determines  this  and  all  the  other  properties  of  the  ray.     Hence  we  must  have 
between  fi  and  x  some   equation  which  may  be  generally  represented  by  /» ==  F  («) ;  F  (x)  denoting  a 
function  of  x. 
439.         To  determine  the  form  of  this  function^  we  must  consider,  that  if  A  be  the  very  small  angle  of  a  prism. 
Function  of                                                                                                                               A              A  -I-  D 
refrangibi-   and  D  the  deviation  produced  by  it  at  the  minimum,  we  have  /i .  -~-  =     — ,  or  D  =  (/» — •  1)  A.     Henoe» 

lity.  «  % 

supposing  A  the  refracting  angle  constant,  the  deviation  is  proportional  to  ^  ^  1.  Now,  since  in  all  medi«v  M 
well  as  in  water,  the  deviations  observe,  at  least,  the  iome  order^  being  always  least  for  the  red  and  greatest  fair 
the  violet,  it  follows,  that  in  all  media  /» —  1  increases  as  x  increases ;  so  that,  supposing  jr^  to  be  the  index  of 
refraction  in  the  water  scale  for  the  first  visible  red  ray,  or  the  commencing  value  of  a?,  and  ^^  the  index  fiv  Che 
same  ray  in  the  other  medium,  (ji —  1)  »  if^o^  !)•  or  .fi^/i^  must  increase  with  or  —  a?^;  and  since  they 
vanish  together,  we  may  represent  the  one  in  a  series  with  indeterminate  coefficients,  and  powers  of  the  other, 
thus 

or,  which  comes  to  the  same  thing,  o,  bt  c,  &c.,  representing  other  indeterminate  coefficients,  (x^  —  1  being 
constant,) 


v^;=-(^)-»(^)'+-     <^ 


440.         The  simplest  hypothesis  we  can  form  respecting  the  values  of  a,  6,  &c.  is  that  which  makes  a  =:  1,  and  6, 

Hypothesis 

dispersion    *Dd  all  the  other  coefficients  vanish.     This  g^ves j-  =  2. , 

inall  media.  A*o  —  A  'o  -  1 

We  have  before  used  ^  /» to  denote  what  is  here  signified  by  ^  —  /»o,  viz.  the  difference  between  the  refractive 

indices  of  any  ray  in  the  spectrum,  and  that  at  its  commencement;  and  we  have  denoted  by  — — r-  the  same 

r'  """  * 

quantity  which  is  here  expressed  by  -^ ^.     This  then  is  the  expression,  in  our  present  notation,  of  the  < 

A*o        * 

Not  the  law  <li^r8ive  power  of  the  medium;  and  the  equation  now  under  consideration  therefore  indicates,  that,  on  ft€i^MMA€ 
of  nature,    hypothesis  made,  the  dispersive  power  of  the  medium  must  necessarily  be  the  same  with  that  of  water;  nndM^mrmud 

of  course  (supposing  this  hypothesis  to  be  founded  in  the  nature  of  light)  all  media  must  have  the  i 

persive  power.     This,  as  we  have  already  seen,  is  not  the  case. 
Nor  that  of     The  next  simplest  hypothesis  is  that  which  admits  a  as  an  arbitrary  constant  determined  by  the  nature  of  1 
proportional  medium,  but  still  makes  6,  c,  &c.  =  o.    This  reduces  the  equation  to 
dispersions. 


consequently  (if  /t'  and  x^  be  any  other  corresponding  values  of  ft  and  x)  we  muct  have  also 

uf  —  «                jt'  —  J?                             m'  —  /*               a?'  —  X        ,                ,          /*'  —  tt              /"b  —  ^ 
^ r-  =  «  •  7.  and  therefore  -^ V  =  «  • r »  whence  we  have  — j =  a . t-. 

/*o-l  *o--l  /*o-l  'o-l  *-'  *o-l 

Hence,  if  this  hypothesis  be  correct,  and  /»,  x  and  /,  *'  be  any  two  pairs  of  corresponding  refractive  indicer^ 


for  rays  however  situated,  the  fraction  —^ must  be  invariable.     The  foregoing  table,  however,  sbowa  ver^ 

X    •"■  X 

distinctly  that  this  is  far  fi-om  being  the  case.     Thus,  if  we  take  the  flint  glass.  No.  IS,  the  comparison  of  •^"^^S?* 
two  rays  B  and  C  gives  for  the  value  of  the  fraction  in  question  2.562 ;  and  if  we  compare  in  like  manner  th^^g^^ 
rays  C  and  D,  D  and  E,  E  and  F,  F  and  G,  G  and  H  respectively,  we  obtain  the  values  2.871,  8.073,  8,198.^^0^ 
3.460,  8.726 ;  the  great  deviation  of  which  from  equality,  and  their  regular  progression,  leaves  no  donbt  of  th^j^^ 
incompatibility  of  the  hypothesis  in  question,  as  a  general  law,  with  nature.     If  we  institute  the  sanae  oonipaifaoi:^^^^ 


for  the  other  media  in  the  table,  we  shall  find  the  greatest  diversity  prevail ;  and  if,  instead  of  water,  we —^...j 

any  other  as  a  standard,  the  same  incompatibility  will  be  found.     Thus  if  the  flint  glass.  No.  13,  be  comparefe^^^* 
with  oil  of  turpentine,  we  find  for  the  values  of  the  series  of  fractions  in  question,  1.868,  1.844, 1.788,  1.848- 
1.861,  1.899,  which  first  diminish  to  a  minimum  and  then  increase  again,  &c. 
441.  It  follows  fi"om  this,  that  the  proportion  which  the  several  coloured  spaces  (or  the  intervals  B  C,  C  D,  P  ^ 

&c.)  bear  to  each  other  in  spectra  formed  by  different  media,  is  not  the  same  in  all.     Thus  taking  the  green 
ray  E  for  the  middle  colour,  and  calling  all  that  part  of  the  spectrum  which  lies  on  the  red  side  of  E  the  rei^ 


418 


LIGHT. 


light 

444. 
445. 

Achromatic 
refnctioiu 

446. 
Dfspenivt 
powers  of 
higher 
orders. 
Tertiary 
spectra. 

447. 
Computa* 
tion  of  their 
coefficients. 


It  is  evident  from  this  table,  that  (generally  speaking)  the  more  refractive  a  medium  is»  the  greater  bthe 
extent  of  the  blue  portion  of  its  spectrum  compared  with  the  red. 

if  two  prisms  of  the  proper  refracting  angles,  composed  of  media  not  very  remote  fnmi  each  other  in 
this  list,  be  made  to  oppose  each  other,  the  secondary  spectrum  will  be  small,  and  the  refraction  almost  peifi^ctly 
colourless.     Such  a  combination  is  said  to  be  achromatic^  (a-xpufta,) 

The  existence  of  the  secondary  spectrum,  while  it  renders  the  attainment  of  perfect  achromaticity  impomiUe, 
by  the  use  of  two  media  only,  shows,  also,  that  in  a  theoretical  point  of  view  we  are  not  entitled  to  neglect  the 
coefficients  6,  c,  &c.  of  the  equation  (d).  Art.  439.  The  law  of  nature  probably  requires  the  series  to  be  continued 
to  infinity ;  and  if,  by  way  of  uniting  three  rays^  we  employ  prisms  of  three  media,  tertiary  spectra^  and  after 
them  still  others  in  succession,  would  doubtless  be  found  to  arise.  These,  however,  will  be  smidl  in  comperiaoa 
of  each  other. 

The  table  (Art.  437)  gives  us  the  means  of  computing  the  coefficients  on  whidi  they  depend  for  th^ 


particular  media  there  stated.    If   we  put 
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-All4-  =  P,and 


iT  — J?- 


««-  1 


o  .  ^^ 


p,  and  goppoie  P^  P^  P^', 


Pf  1^>  P''*  &c.  to  be  the  values  of  P  and  p  corresponding  to  the  several  values  of  /»  and  x  set  down  in  the  table, 
we  shall  have,  for  determining  a,  6,  c,  &c.  in  any  one  of  those  media,  the  equations 

F=zap  +  hp^  +  cp^+  &c.    F=ap'  +  6|i'«  +  cjp»+ &c.    F'aap^  +  6y"« +  cp«'»  H- &c       • 


and  as  many  such  equations  must  be  used  as  there  are  coefficients  to 
present  to  two,  we  find  P  =  a|>  +  bp^;    P' ss  a|>'  +  6 p'\  whence 


determine.    Coiifining  ourselvea  at 


6  = 


Pp'il^-P) 


and,  since  it  is  desirable  to  select  rays  as  far  removed  from  each  other  in  the  spectrum  as  possible,  we  shall^ 
take  fi^  and  x^  from  the  column  fi  (B)  ;  and  determine  P  and  p  by  the  values  in  the  column  fk  (E),  and  P',  f^ 
by  those  under  /*  (H).    Tlie  results  will  be  as  follows : 


Dispersive  powers 
of  the  first  order, 

'  of  the  teeeM  order, 

Refracting  media. 

that  of  water  being 

that  of  water  being 

1.000. 

0.000. 

Flint  glass.  No.  13   . . 

a=  +  1.42580 

6  =  +  7.57705 

Crown  glass.  No.  9  . . 

0.88419 

2.34915 

Water 

1.00000 
0.99626 

0.00000 
1.13262 

Solution  of  potash    . . 

Oil  of  turpentine  .... 

1.06149 

4.58639 

Flint  glass.  No.  3 

1.29013 

7.63048 

Flint  glass.  No.  30    .. 

1.87026 

8.44095 

Crown  glass.  No.  13. . 

0.87374 

2.49199 

Crown  glass,  letter  M. 

0.90131 

3.49000 

Flint  glass.  No.  23   . . 

1.37578 

8.66904 

Problem.  To  determine  the  analytical  relation  which  must  hold  good  in  order  that  two  prisms  may  form     av 
achromatic  combination  ;   that  is,  may  refract  a  white  ray  without  separating  the  extreme  colours. 

Resuming  the  equations  and  notation  of  Art.  215,  since  the  prisms  are  placed  in  vacuo,  we  have  to  substi- 


tute/», 


-j^,  /*'  and 


for  /i,  fi',  f/\  fi"',  in  those  equations  respectively,  and  we  shall  have 


(1); 


and 


fi  .  sin  />  =  sm  a 
sin  /  =  /ft .  sin  a' 


,] 


»"'  =s  Sin  p 


/ft  .  sm  a 

p''=z  -F  +  a''' 

sin  a''  =  /ft' .  sin  />' 

D  =  a  + 1  +  r  +  r  -  p>". 


1 


(2); 


Now,  since  by  hypothesis  the  incident  and  emergent  rtiys  are  both  colourless,  we  must  have  5  a  =  0,  aid 
«  D  =  0,  that  is  «/>'"=  0,  the  sign  a  being  supposed  to  refer  to  the  variation  of  the  place  of  the  ray  in  th$ 
spectrum.  Hence  the  two  systems  of  equations  (1)  and  (2)  are  exactly  similar,  in  their  form ;  the  form^  H 
relates  to  />,  a,  a',  p\  and  the  latter  as  to  a'",  p"',  /',  af\    Now,  the  first  system  gives 


B fi,sin  p  -{•  ft6  p  .  cos  />  =  0 ;         haf  ^s.  hp; 
whence,  by  elimination  and  reduction,  we  find 


b  f/  COS  /j'  =  a  /ft .  sin  a'  +  A*  ^  "'•  cos  of ; 


sin  I' 


cos  p.COSp 


«/.; 


(«) 


But,  since  a''  =:  V  -f  //,  we  have  5  />'=-  5  af\  so  that  we  finally  get 


sin  r 


The  property  expressed  by  this  equation  may  be  thus  stated.     Coneeive  the  ray  to  pass  both  ways  outwards 

from  a  point  in  its  course  between  the  two  prisms ;  then*  in  order  that  the  combination  may  be  achmmatic, 
the  producis  of  the  cosines  of  its  incidences  on  the  Hurfaccji  of  each  pri^vi  must  be  io  each  other  in  the  ratio  com- 
pounded  of  that  of  the  sines  of  their  respective  rpfracting  angles^  and  the  differences  of  their  refractive  indictM 
fhr  red  and  violet  rays  ;  besides  which,  they  must  refract  in  opposition  to  each  other,  or  1  and  I"  their  refracting" 
ang'les  must  have  opposite  signs. 

The  combination  of  this  equation  with  the  system  of  equations  above  stated,  expressing  the  conditions  of 
refnujtion  by  the  prism,  and  their  relative  position  with  reg^ard  to  each  other  (which  is  included  in  the  equation 
«"  :^  I'  -f  p')  suffice,  algebraically  speaking*  to  resolve  every  problem  which  can  occur,  of  this  kind  ;  but  the 
final  equations  are  for  the  most  part  loo  ini^olved  to  allow  of  direct  solution.  Nevertheless,  the  results  we 
have  arrived  at  will  ftimish  occasion  for  remarks  of  moment ;  and,  first,  since  p'  is  the  angle  of  refraction  from 
the  second  surface  of  the  first  prism,  I  /  is  the  angvilar  breadth  of  the  spectrum  prmluced  by  it  ^this  is,  there- 
fore, proportional*  ceteris  paribus,  to  the  product  of  the  secants  of  the  angles  of  refraction  at  its  two  surfaces. 
Let  us  trace  the  progre^is  of  the  variation  of  this,  as  the  incident  ray  changes  its  inclination  to  the  first 
sujface^  beginning  with  the  case  when  it  just  grazes  the  surface /rom  the  back  towards  the  edge.     In  this  case 

I 


449, 

Progress   ai 
dispernon 
by  ft  single 
prism  traced 


a  =  90  ,  sin  p  ^ 


consequently  />,  and  therefore  I  +  p  or  *',  and  therefore  p'  are  all  finite,  and  at  their 


maximum.  Hence  cos  p .  cos  /  is  finite,  and  at  its  minimum  ;  and  therefore  S  ^\  or  the  breadth  of  the  spectrum, 
Is  also  finite,  but  a  maximum.  As  the  incident  ray  becomes  more  inclined  to  (he  snHace  p,  and  therefore  a'  and 
^  diminish,  and  the  denominator  of  I  p'  increases,  so  that  the  breadth  of  the  spectnjm  diminishes,  and 
reaches  a  minimum  when  cos  p  ,  cos  p'  attains  its  maximum ;  that  is,  when  ef  p .  tan  />  -f  r///  .  tan  p'  =  0.  Now 
this  equation,  substituting  and  reducing  gives,  for  determining  the  value  of  p,  and  therefore  of  a,  or  the  inci- 
dence when  the  spectrum  is  a  minimum* 


/*^2 .  sin  (I  +  p)  .  cos  (I  -^  2  p)  +  sin  p  :=  0. 


(*) 


PosilioD  of 
least  disper- 
sion deter- 
mined. 


450. 


Hence  we  see  that  the  position  which  gives  a  minimum  of  breadth  to  the  spectrum  is  very  different  from  that 
"which  gives  a  minimum  of  deviation,  being  given  by  Llie  above  equation,  which  is  easily  resolved  by  a  table  of 

logarithms,  and  which  shows  at  once  that  p  must  he  greater  than  45*^ — . 

AAer  attaining  the  position  so  determined,  the  breadth  of  tlie  spectrum  again  increases,  and  continues  to  do 
so  till  the  rays  can  be  no  longer  transmitted  through  the  prism.  At  this  limit  the  emergent  ray  just  grazes  the 
posterior  face  of  the  prism  from  its  thinner  towards  its  thicker  part  ^'  =  90**,  cos  p*  =  0,  At  this  limit,  therefore, 
the  dispersion  becomes  infinite.  All  these  stages  are  easily  traced  by  turning  a  prism  round  its  edge  between 
the  eye  and  a  candle;  or,  better,  between  the  eye  and  the  narrow  slit  between  two  nearly  closefl  windttw-shutterg. 

Hence,  as  the  incident  ray  varies  from  the  position  S  E  (fig.  10r>)  to   S'  E,  and  therefore  the  refracted  from 
F  G  to  F'G',  the  breadth  of  the  spectrum  commences  at  a  maximum,  but  finite  value,  diminishes  to  a  minimum  of*^^^'t^„ 
and  then  increases  to  infinity.     The  distribution  of  the  colours  in  the  spectrvim,  or  tlie  breadths  of  the  several  at  exti^mo 
coloured  spaces  in  any  state  of  the  data,  will  moreover  differ  according  to  the  values  of  p,  p'  and  sin  I;  for  the  iucidences. 
equation  (e),  by  assigning  to  I  ^  the  values  which  correspond  in  succession  to  the  intervals  between   red  and  ^^'  1^^* 
orange,  orange  and  yellow,  yellow  and  green,  &c.  will  give  the  corresponding  values  of  ^  /,  or  the  apparent 
breadths  of  these  spaces.     Now  the  denominator  cos  p  .  cos  p'  is  an  implicit  function  of  it,  and  therefore  varies 
when  the  initial  ray  is  taken  in  different  parts  of  the  spectrum.     The  variation  is  trifling  when  the  angles  p,  p^ 
are  considerable  ;  but  near  the  limit,  when  (he  ray  can  barely  be  transmitted,  it  becomes  very  great,  the  spectrum 
is  violently  distorted,  and  the  violet  extremity  greatly  lengthened  in  proportion  to  the  red.     The  effect  is  the 
I  same  as  if  the  nature  of   the  mediinn  changed  and  descended  lower  in  the  order  of  substances  in  the  table 
An.  443. 

From  what  has  just  been  said,  we  see  the  possibility  of  achromatising  any  prism,  however  large  its  refracting      461. 
angle,  by  any  other  of  the  same  medium*  however  small  may  be  its  angle;  for  since,  by  properly  presenting  a  Achromatic 
prism  to  die    incident  ray,  its  dispersion  may  be  increased  to  infinity ;  if  made  to  refi^ct  in  opposition  to  another  [^^^]'"i*' 
whoae  dispersion  has  any  magnitude,  however  great,  it  may  be  made  to  counteract,  or  even  overcome  it.     Thus  uicdium 
in  figf.  106  the  dispersion  of  the  second  prism  «,  of  small  refracting  angle,  being  increased  by  the  effect  of  its  fig  106. 
inclined  position,  is  rendered  equal  and  opposite  to  that  of  the  prism  A,  whose  refracting  angle  is  large. 

When  the  prisms  differ  greatly  in  their  angles,  however,  the  second  must  be  very  much  luclined,  so  as  to       459, 
bring  it  near  to  the  limit  of  transmission.     In  this  case,  its  law  of  dispersion,  as  just  shown,  will   be  greatly  Subordtnato 
disturbed,  and  rendered  totally  difiVrent  from  what  obtains  in  the  other  prisms  ;   so  that  perfect  achromaticity  9p«ctrA. 
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cannot  be  produced ;  but  when  the  extreme  red  and  tiolct  ravs  are  united,  the  green  wfll  be  too  Btde  i 
the  second  prism,  and  a  purple  and  green  spectnun  will  arise,  as  in  the  case  of  prisms  of  diArent  medim. 
this  spectrum  Dr.  Brewster  (who  was  the  first  to  place  it  in  evidence)  has  giTen  the  name  of  a  lerlura  wcftiMt/ 
but  it  appears  to  us,  that  this  term  had  better  be  reserved  for  the  spectra  mentioned  in  Art.  446^  and  uom  mw 
in  question  may  be  called  nibordinaie  spectra. 

If  a  small  rectangular  object  be  viewed  through  such  a  combination  as  above  described,  in  which  the  prism  A 
is  placed  in  its  position  of  minimum  deviation,  and  achromatised  by  a  second  a,  whose  angle  is  less  than  that 
of  A,  but  not  so  small  as  to  introduce  this  cause  of  colour,  it  will  appear  distorted  in  figure ;  for  the  aides 
parallel  to  the  edges  of  the  prisms  will  undergo  no  change  in  their  apparent  length,  while  the  breadth  of  the 
rectangle  will  q>pear  magnified.  For  the  first  prism,  by  reason  of  its  position,  does  not  alter  the  angalaF 
dimensions  of  objects  seen  through  it ;  but  the  second  changes  their  angular  breadth  in  the  ratio  of  d^  to 

cos  af 


daf'^  that  is  (by  differentiation)  in  the  ratio  of 


cos  I 


to  unity,  a  ratio  which  increases  rapidly  «■  the 


cos  p .  cos  p' 

inclination  of  the  prism  increases,  and  //  approaches  a  right  angle. 

M.  Amici  has  iakea  advantage  of  these  properties  to  construct  a  species  of  achromatic  telescope,  which,  at 
first  sight,  appears  very  paradoxical,  being  composed  merely  of  four  prisms  of  the  same  kind  of  glass,  with 
plane  surfaces.  To  understand  its  construction,  conceive  a  snudl  square  object  op  placed  with  the  side  o  parallel 
to  the  refracting  edges  of  a  pair  of  prisms  so  acyusted,  and  perpendicular  to  their  principal  sections,  i.  e.  to  the 
plane  of  the  paper.  Then,  afler  refraction  through  both,  it  will  be  seen  by  an  eye  at  E,  as  a  real  object  </|/, 
having  its  length  o  unaltered,  but  magnified  in  breadth.  Now,  if  we  add  a  second  pair  of  prisms,  similar  to  the 
first,  and  similarly  disposed  with  respect  to  each  other,  so  as  to  form  a  second  achromatic  combination,  but 
having  the  plane  of  their  principal  sections  at  right  angles  to  the  former,  producing  a  refraction  peipendicular  to 
the  plane  of  the  paper,  or  parallel  to  the  length  of  the  distorted  square,  this  will  be  in  like  manner  seen  as  a  real 
and  colourless  object,  but  again  distorted,  its  side  </ p'  remaining  unaltered,  but  o*  being  magnified.  Thtia,  by 
the  efi*ect  of  the  forst  distortion,  the  breadth  of  the  square  is  magnified,  and,  by  that  of  the  second,  its  length, 
and  in  the  same  ratio  ;  and  therefore  the  final  result  will  be  an  image  undistorted^  achromatic,  and  magidABd. 
The  writer  of  these  pages  had  the  pleasure  of  witnessing  the  very  good  performance  of  one  of  these  aingnlar 
telescopes,  magnifying  about  four  times  in  the  hands  of  its  inventor,  at  Modena,  in  1826.  It  is  evident,  that,  bj 
superposing  several  such  telescopes  on  each  other,  the  magnifying  power  may  be  increased  in  geometrical  pro- 
gression. It  is  equally  clear,  that,  by  using  prisms  of  two  different  media  to  form  the  several  binaiy  oomUna- 
tions,  the  iuhordinale  spectra  may  be  made  to  counteract  the  secondary  spectra^  arising  from  the  difierence  in 
the  scales  of  dispersion  in  the  two  media ;  and  thus  an  achromaticity,  idmost  mathematically  perfect,  might  be 
obtained.  It  is  worthy  of  consideration,  whether,  for  the  purpose  of  viewing  yery  bright  objects,  as  the  wm, 
for  instance,  this  species  of  telescope  might  not  prove  of  considerable  service.  It  would  have  the  advantage  of"" 
being  its  own  darkening  glass,  of  not  bringing  the  rays  to  a  focus,  and  therefore  of  requiring  no  extraordinarj" 
care  in  the  figuring  of  the  surfaces ;  and,  in  short,  of  being  exempt  from  all  those  inconveniencies  wliich  oppoift.  ^ 
the  perfection  of  telescopes  of  the  usual  constructions,  as  applied  to  this  particular  object 

Proposition,  To  find  the  conditions  of  achromaticity  when  several  prisms  of  different  media  refract  a  ray  oC 
white  light,  supposing  all  their  refracting  angles  very  small,  and  the  ray  to  pass  neariy  at  right  angles  to  th^ 
principal  section  of  each. 

The  refracting  angles  bein^  A,  A',  A",  &c.,  and  the  refractive  indices  /s  /i',  &c.,  the  several  partial  rlr  winlimiM 
will  be  D  =  0»  -  1)  A ;  D' =  (jJ  —  1)  A',  &c.;  and  their  sum,  or  the  total  deviation,  will  be  (/■  —  1)  A  -h- 
(/('  —  1)  A'  +  (y  —  1)  A'^  +  &c.  In  order  that  the  emergent  ray  may  be  colouriess,  this  must  be  the  aan^ 
for  rays  of  all  colours ;  and  its  variation,  when  /«,  /,  &c.  are  made  to  vary,  must  vanish,  or 

A3/»  +  A' V  +  A"  V"  +  Ac  =  0. 

Now,  by  equation  ((f)  of  Art.  439,  we  have  )  /«,  (or,  in  the  notation  of  that  article,  /&  —  fi^ 

Therefore  the  above  equation  gives,  when  arranged  according  to  powers  of  )  x, 

0=  {^A(/*o-l)«  +  A'(/^-l)a'  +  A"0*"^-l)a"+&c.|.  y^ 

+  [A(;i^-l)6  +  A'(/o-l)fr'  +  A"(/^-l)  6"+&c.^   {^^T^y 


+  &c. 


'  -  -^Unersive  powers  of  the  various  orders  for  the  second  prism,  «",  V,  4c. 

*^*<i  msLV  VRniflh   for  u\\    *ha  mva  in   ihA  cnM*tnim.  IVA  ffmuil  1 


I  and  so  on.  Generally  speaking',  the  number  of  these  ecjiiations  being  inftnrte,  no  finite  number  of  prisms  can 
satisfy  them  all ;  but  if  we  attempt  only  to  unite  as  many  rays  in  the  speclnim  as  there  are  prisms,  which  is  the 
p^atest  approach  to  acbromaticity  we  can  attain,  we  have  as  many  equations  as  unknown  quantities,  minus  one, 
and  the  ratios  of  the  an{fles  to  each  other  become  known.  Thus,  to  unite  two  rays  two  media  suffice,  and  we 
can  only  take  into  consideration  the  first  order  of  dispersions,  which  give 


(ji  -  1)  A  fl  +  0*'  -  1)  A'a^  =  0  ; 


7^  '  If-         f^^ 


To  unite  three  rays  we  have 


(/i  -  1)  A  O  +  Oi'  -  1)  A'  a*  +  0*"  -  1)  A"  a"  =-  0 

0*  «  I)  A  6  +  (/  ^  I)  AU'  +  0*''  -  1)  A"  ft"  =  0 


{lei 


whence  by  elimination 

\  A    ~  /-I    *    afb'^^h'm''      A     "^        /^  -  I  '    a^'b'--b"a'' 

I  uh)  so  on  fi}r  any  number. 

In  the  case  of  two  media,  if  the  quantities  &,  c»  &c.  be  not  known,  the  dispersive  powers  of  the  first  order, 
a^  a\  should  be  dclennined,  not  by  comparison  of  the  extreme  red  and  violet  rays,  which  are  too  little  iiiminous 
to  render  their  strict  union  a  matter  of  importance  ;  we  should  rather  endeavour  to  unite  those  rays  which  are 
at  once  powcrfiilly  illuminating',  and  differing  fniicb  in  colour,  such  as  the  rays  D  and  P,  The  exact  union  of 
these  will  insure  the  approximate  union  of  all  the  rest  better,  on  the  whole,  than  if  we  aimed  at  uniting  the 
extremes  of  the  spectrum,  and  a  far  greater  concentration  of  light  will  be  produced.  This  should  be  carefully 
borne  in  mind  in  all  experiments  on  the  dispersions  of  glass  to  be  used  in  the  construction  of  telescopes. 

If  we  would  produce  the  greatest  possible  acbromaticity  by  three  prisms,  the  rays  to  be  selected  for  deter- 
mining the  values  of  ct,  6,  a\  h\  should  be  C,  E,  and  G;  or,  which  would,  perhaps,  be  still  better,  C,  F,  and  a 
ray  hsdf  way  between  D  and  E ;  but  the  want  of  a  suflieiently  well  marked  line  in  that  part  of  the  spectrum 
throws  some  slight  difficulty  in  the  way  of  this  latter  combination,  when  solar  light  is  used,  and  would  obhge  us 
to  have  recourse  to  some  other  method  of  measurement,  of  which  a  %^ariely  might  be  suggested. 

In  the  case  of  three  media,  if  the  numerators  and  denominators  of  the  expressions  {k)  vanish,  or  nearly  so,  the 
solutions  become  illusory,  or  at  least  inapplicable  in  practice.     This  happens  whenever  either  of  the  fractions 
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practicable  combinations,  it  is  necessary  to  employ  media  which  differ  as  much  as  possible  in  their  scales  of  dis- 
persive powers*  i.  c,  in  which  the  coloured  spaces  differ  as  far  as  possible  from  proportionality;  such,  for 
instance,  as  flint  g^lass,  crown  glass,  and  muriatic  acid  ;  or,  still  better,  oil  of  cassia,  crown  glass,  and  sulphuric 
acid,  &c. 


1^  \  H.  Of  the  Achromatic  Telescope, 

I 

In  the  refractine:  telescopes  described  in  Art.  380,  &c.  the  different  refrangibility  of  the  differently  coloured  rays      456. 
presents  an  obstacle  to  the  extension  of  their  power  beyond  very  moderate  limits.     The  focus  of  a  fens  being  Cliromtilu 
shorter  as  the  refractive  index  is  greater,  it  follows,  thai  one  and   the  same  lens  refracts  violet  rays  to  a  locus  *^J^^^^ 
nearer  to  its  surface  than  red.     This  is  easily  seen  by  exposincf  a  lens  to  the  sun's  rays,  and  receiving  the  con-  **^  *'"    ' 
verging  cone  of  rays  on  a  paper  placed  successively  at  different  distances  behind  it.     At  any  distance  nearer  to 
the  lens  than  its  focus  for  mean  rays,  the  circle  on  the  paper  wil!  have  a  red  border^  but  beyond  it  a  blue  one ; 
for  the  cone  of  red  rays  whose  base  is  the  lens,  envelopes  that  of  violet  wiikin  the  focus,  its  vertex  lying  beyond 
the  other,  but  is  enveloped  by  it  without^  for  the  converse  reason.     Hence,  if  the  paper  be  held  in  the  focus  for 
mean  rays,  or  between  the  vertices  of  the  red  and  violet  cones,  //ie«c  will  then  form  a  distinct  image,  being  col- 
lecled  in  a  point :   but  the  extreme,  and  all  the  other  intermediate  rays,  will  be  diffused  over  circles  of  a  sensible 
1  magnitude,  and  form  coloured  borders,  rendering  the  image  indistinct  and  bazy.     This  deviation  of  the  several 
coloured  rays  from  one  focus  is  called  tlse  **  chromatic  ahtfrraiion,'* 

The  diameter  of  the  least  circle  within  which  all  the  coloured  rays  are  concentrated  by  a  lens  supposed  free      457. 
;froro  spherical  aberration  is  easily  found.     Thus,  in  %,  107,  if  v  be  the  focus  for  videt,  and  r  for  red  rays,  nmo  U^^t  circle 

ofchmrnatic 


1 


will  be  the  diameter  of  tliis  circle.     Now»  by  similar  triangles,  n  0  ^  A  B  . 


LIGHT. 


therefore  equating  these 


sequently  m  r  ==  r  u  . 


Cr 


Cr+  Cv 


m  r 


=  ri7  < 


,  and  mv  =imr  , 


Cr 


2Cr-rv 


't  mv  +  mr  ^mr  . 


very  nearly,  since  the  disperBioti  is  small  in 


comparison  with  the  whole  refraction.     Therefore  no  = 


AB 


— — ,      Now,    f  being   the  reciprocal  focit 

C  7* 


distance  (=  L  +  0  =  0*--  1)  (R'  -  R' )  +  D)  we  have  rv^  -  B^^-^  ^  ^/i(R       R') 

S  ^  h  1 

=  — — — j—    ,  -7:^  and  C  r  =   — ,  ^Mpposing  ^  to  represent  the  Index  of  refraction  for  extreme  red  rayii 

Hence  we  get  diameter  of  least  circle  of  chromatic  aberration  =  semi-aperture  x  —^  .   — ^ 


=r  semi-apertore  X  dispersive  index  x 
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and  for  parallel  rays»  when  L  =yj  simply  semi-aperture  x  dispersive  index, 

CoroL  Hence  the  circle  of  least  colour  has  the  same  absolute  linear  manrnitude  whatever  be  the  focal  length  of 
the  lens,  provided  the  aperture  be  the  same.  Now,  in  the  telescope,  the  ma^iifyin^  power,  or  the  absolute  linear 
magnitude  of  the  image  viewed  by  a  g-iven  eye-gliiss,  increases  in  the  ratio  of  the  focal  length  of  the  object-glas^ 
(382.)  Therefore,  by  increasing-  the  focal  length  of  an  object-glass  without  increa«iing  its  aperture-,  the  breadth 
of  the  coloured  border  round  the  ima|ye  of  any  object  dimiuislies  in  proportion  to  the  image  itself,  and  thuatbe 
conflision  of  vision  is  diminished,  and  the  telescope  will  possess  a  proportionally  higher  magniiSing  power.  Il 
consequence  of  this  property,  before  the  invention  of  the  achromatic  telescope,  astronomers  were  in  the  habit  of 
using  refracting  telescopes  of  enormous  length,  even  so  far  as  100  or  150  feet;  and  Huyghens,  in  particular, 
distinguished  himself  by  the  magnitude  and  excellent  workmanship  of  his  glasses,  and  by  the  important  astmno* 
mtcal  discoveries  made  with  them. 

The  achromatic  object-glass,  however,  by  enabling  us  to  reduce  the  length  of  the  telescope  within  more  wa?on. 
able  bounds,  has  rendered  it  a  vastly  more  manageable  and  usefnl  instrument.  To  conceive  its  principle,  we  have 
only  to  recur  to  what  has  already  been  said  in  Art,  451 — 454,  respecting  achromatic  prisms,  A  lens  is  nolhinf 
more  than  a  system  of  infinitely  small  pri*jnis  arranged  in  circular  zones  round  a  centre,  with  refracting  atiglM 
increasing  as  their  distance  from  the  centre  increases,  so  as  to  refract  all  the  rays  to  one  point ;  and  if  we  can 
achromatise  each  elementary  prism,  the  whole  system  is  achromatic.  The  equations  (1)  apply  at  once  to  thlf 
view  of  the  structure  of  a  lens.  For,  suppose  R',  R"  to  be  the  curvatures  of  the  two  surfaces  of  tlie  first  leris 
L'  its  power,  and  ^'  its  refractive  index,  then,  for  a  given  aperture,  or  at  a  given  distance  from  the  centre, 
R'  —  R'',  the  dilference  of  the  curvatures,  expresses  the  angle  made  by  tangents  to  the  surfaces,  or  the  refracting 
angle  of  the  elementary  prism  ;  or  R'  —  R'^  =  A';  and  similarly  for  the  other  lenses.  A''  =  R"*  —  R*\  aad  *o 
on,  so  that  the  equations  become 

(/*'-  I)  (R^  -  R")  ,  o'  +  (/-I)  (R'""  R*0  a'f  +  Ac.  =  0  &c. ; 

that  is  simply 


+  L".  a'^-h  V.a'^'-^  &c,  =  0- 


6" 
c" 


&'"  -h  &c.  -  0 

C^"   +   &C.  :=  0 


id) 


&c. 


These  equations  afford  all  the  relations  necessary  to  insure  achromaticity  ;  and  when  satisfied,  since  they  dt> 
not  contain  D,  they  show  that  an  object-glass  which  is  achromatic  for  any  one  distance  of  the  object  is  so  for 
all  distances.  It  is  evident,  that  the  same  system  of  equations  may  be  obtained  directly  from  the  expressiou  in 
Art»  265  for  the  joint  power  of  a  system  of  lenses  whose  individual  powers  are  L',  L",  &c.  For  the  coadilioii 
of  achromaticity  gives  5  L  ^  0,  that  is 

But  since  L'  =  (/*'  —  I)  (R'  —  R")  &c.  (according  to  the  system  of  notation  there  adopted) 

5 U  t=  (R'  -  R'O  3/  =  L'^    ^TTT 
But  in  the  equation  {d)  if  we  put  in  succession  for/*^  the  values  /,  /',  &c..  for  /t  — /a^j  respectively,  ^pl^^fP^i 
and  for  a,  6,  &c,  the  systems  of  coefficients  a\  h\  &c, ;  a*\  b*\  &c, ;  and  suppose  -  ^-    -f-  —  p,  we  shall  ha^ 


/-I 


=  rt'|^-|-6'p'  +  &c,; 


3  it'' 


f^'-l 


and  therefore 


Oi^U{a*  p-hb*p 


which,  being  made  Ao  vanish  independcDtly  of  J7,  give*  the  very  same  system  of  equations  as  (a,) 

To  satisly  all  these  equations  at  once  with  any  finite  number  of  lenses  being'  impossible,  we  must  rest  content 
with  satisfying  as  many  of  the  most  imporiant  as  the  number  of  lenses  will  permit.     Thus,  if  we  have  two  lenses  Object  glast 
of  different  media,  such  as  Hint  and  crown  glass,  for  instance,  one  only  of  them  can  be  satisfied,  and  this  must  ^^^ 
of  course  be  the  first,  viz, 

V  d  +  L'V  =  0,         or  i^  r=  -  ~  ;  (6) 

xJ  a" 

which  shows  that  the  powers  of  the  lenses  must  oppose  each  other,  and  be  to  each  other  inversely  (and  of  course 

their  focal  lengths  directly)  as  the  dispersive  powers.  In  such  a  combination,  the  values  of  fl',  £?',  the  dispersive 
powerSj  however,  ought  not  to  be  obtained  from  the  relative  refractions  for  the  extreme  red  and  violet  rays  of  the 
spectrum,  (according  to  the  remark  in  Art,  453,)  but  rather  from  the  strongest  and  brightest  rays  whose  colours 
are  in  decided  contrast;  sych,  for  instance,  as  the  rays  C  and  F  in  Fraunhofer^s  scale. 

With  three  lenses  of  different  media,  two  of  the  equations  of  achromaticity  can  be  satisfied,  and  the  secondary 
spectrum  corrected,  thus  we  have 


k 


a  =  IV  a'  +  L"  a"  +  L'"  ii*' 
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Object  gla« 
of  tliree 
media 


W 


and  in  determining  the  values  of  a\  h\  &c.  the  rays  to  be  employed  should  be  the  brightest  yellow  for  a  middle 
ray,  and  a  pretty  slroug  red  and  blue  for  the  extremes.  The  rays  B,  E,  H  are  perhaps  inferior  to  C,  E,  G  for 
this  purpose. 

Hence  in  a  double  object-glass  having  a  positive  focus  the  least  dispersive  lens  must  be  of  a  convex  or  positive, 
and  the  most  so  of  a  negative,  or  concave  character.  The  order  in  which  they  are  plactd  is  of  no  consequence, 
as  far  as  achromaticity  is  concerned. 

A  ain^^le  lens,  as  we  have  seen,  neither  admits  of  the  destruction  of  the  spherical,  nor  chromatic  aberration, 
(Art.  296  and  457 ;)  but  if  we  combine  two  or  more  lenses  of  different  media,  the  equations  *,  t,  w,  y  of  Art. 
3<>9,  310,  31^,  and  313,  combined  with  the  equations  just  derived  (a).  Art,  4^9,  or  so  many  of  them  as  are  not 
incompatible,  afford  us  the  means  of  annihilating  both  species  of  aberration  at  once;  and  what  is  curious,  and  boihjibei 
must  be  regarded  as  sing^darly  fortunate,  the  relations  afforded  by  the  destruction  of  the  chromatic  aberration,  irons, 
which,  at  fint  sight,  would  appear  likely  greatly  to  complicate  the  inquiry,  tend,  on  the  contrary,  remarkably 
lo  simplify  it,  beinjET  in  fact  the  very  relations  the  analyst  w^ouM  fix  upon  to  limit  his  symbols,  and  give  his  final 
equations  the  greatest  simplicity  their  nature  admits,  if  left  at  his  disposal  For,  it  will  be  remarked,  that  in  the 
general  equation  for  the  destruction  of  the  spherical  aberration^  A  /  =  0,  or 


463. 


464. 
Simutta* 

struction 


+  rD"  +  y'D''«)  +  &c.; 


id) 


the  expressions  within  the  parentheses  are  all  of  the  second  degree  when  expressed  in  terms  of  the  curvatures  of 
the  surfaces,  and  of  D'  ^  D  the  proximity  of  the  radiant  point  to  the  first  lens;  and  as  L',  L",  &c.  are  rei?pec- 
tively  of  the  first  det^ree,  in  terms  of  the  curvatures,  the  whole  is,  in  its  general  form,  of  the  third  degree,  and 
the  equation  of  a  cubic  form.  But  the  conditions  of  achromaticity,  which  assign  relations  only  between  L\  L", 
Ac.  witliout  involving  R',  R",  &c.  enable  us  to  eliminate  thejje  quantities  and  replace  them  in  the  above  equatioa, 
by  giving  combinations  of  a\  a",  6',  6",  &c.,  so  that  it  becomes  reduced  to  a  quadratic  form,  and  its  treatment 
aimpHAed  accordingly. 

Let  us  proceed  now  to  develope  the  equation  (d),  in  which,  according  to  the  foregoing  remark,  when  the  con-       455^ 
ditions  of  achromaticity  are  introduced,  17,  L",  &c.  may  be  regarded  as  given  quantities;  for,  taking  L  —  L'  -j-  Determinn- 
I/'  H-  &e.  =:  the  power  of  the  compound  lens,  (which  we  may  suppose  given,  or,  if  we  please,  assume  equal  to  *»*'"  "l  ''^^ 
unity,)  this,  combined  with  the  equations  (a),  determines  the  values  of  L\  &c.     Thus,  in  the  case  of  two  lenses,  fhJ*^^^jj| 


if  we  put  w  for  the  ratio  of  the  dispersive  powers,  or  w  =  —jj-  we  have  L'  = 


1  - 


L"=  - 


1  ^ 


and 


similarly  for  three  or  more  lenses.     Suppose  then  we  represent  by  r*,  /',  r"',  &c.  the  respective  curvatures  of  the 
first,  or  anUrior  surftices  of  the  first,  second,  third,  &c.  lens,  in  order ;  the  first  being  that  on  which  the  rays  first 

Thcn  we  have  L'  =  {/*'  ^  1)  (R'  -  R")  z=:  {pJ  ^  1)  (r'  -  R",)  so  that  R''=  H  -      /    .   ;  and  similarly  "^^-^^  f  ^^^ 


i 


-1^^ 


L" 


/*  - 


— p,  &c.     We  must  therefore  put  m  the  foregoing  expressions 

R'  =  T^;         R''^;^„_il^;         W"=r";         R^=r"- 

X-1 


fenerftl 
equation. 


L" 


'^  1 


.  &c. 


.-^  91 
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U|l>t     Henee  by  sabstitution  of  these  in  the  ralues  of  a,  fi,  &e.  (Art.  293)  we  get 

of  =  (2  +  y)  t'*- (2/+ 1) . -^  .  I/,/ +  / .  (-^y  L« 

y=2  +  3/.'. 

and  similarly  for  a",  /9",  7",  &c.  So  that,  substituting  again  these  expressions,  and  putting  for  D"  its  equal 
L'  +  D',  for  D"  its  equal  L'  +  L"  +  D',  and  so  on,  we  have,  Anally,  for  the  general  equation  A  /  s  0,  m 
follows: 

-  4  {(1  +  -4)  L' L'V  +  (1  +  -L)  (U  +  L")  L"'r"'  +  Ac.  | 

+  {(7^)'^"  +  (-7^)'^"'  +  (?^lT^""  +  *^} 

+  {{y  +8)l/«L"»+(^  +  8)(L'  +  L")«L'«+&c.} 

I-  *  {0  +7r)  ^^  +  0  +-7-)  ^"'•"  +  ('  +  7')  ^"''"'  +  *'^} 
•*'*{("7"  +«)^'^"  +  (-7r  +«)(L'  +  l/OL'"  +  &c.| 

+  D.{(-i.   +  s)  1/+  (-^  +8)  L"  +  (-^  +  s)  y  +  &c.  }. 

466.  For  brevity,  let  us  represent  by  X,  the  terms  of  this  expression,  independent  of  the  quantity  D  ;   by  Y,  tht 
assemblage  of  terms  multiplied  by  ly;  and  by  Z,  those  multiplied  by  Ir  *,  and  we  shall  have 

A/=-^{X  +  Y.D  +  Z.D«}; 

and  if  this  vanish  the  aberration  is  destroyed.  Now,  first,  if  we  regard  only  parallel  rays,  or  suppose  D  ae  (^ 
this  reduces  itself  to  X  s  0,  so  that  the  condition  X  s  0  being  satis^ed,  the  telescope  will  be  perfect  when  UMd 
for  astronomical  purposes,  or  for  viewing  objects  so  distant  that  IV  may  be  disregarded. 

467.  The  equation  X  ss  0  is  of  the  second  degree  in  each  of  the  quantities  r'  i^\  &c.,  whose  number  is  Ihat  of  tbm 
V^^^^  lenses.  Consequently,  this  condition  alone  is  not  sufficient  to  fix  their  values;  and,  without  assuming  soiM 
n^oB Min^  further  relations  between  them,  or  some  other  limitations,  the  problem  is  indeterminate,  and  the  aberration  mtj' 
detonmnato  ^  destroyed  in  an  infinite  variety  of  ways.  Confining  ouraelves  at  present  to  the  consideration  of  two  lenwp 
problem,      only,  since  X  ss  0  contains  only  two  unknown  quantities,  one  other  equation  only  is  required,  and  we  have  onhr 

.       to  consider  what  other  condition  will  be  attended  with  the  greatest  practical  advantages.    Clairaut  has  proposed 
Unitin 'T"   ^  <^ju8t  the  two  leuses  so  as  to  have  Uidr  adjacent  sur^ies  in  contact  throughout  their  whole  extent,  to  alloir 
CUinut'i.    ^^  ^^  being  cemented  together,  and  thus  avoid  the  loss  of  light  by  reflection  at  these  surfiu^es.    This  certainly' 
would  be  a  great  advantage  were  it  possible  so  to  cement  two  glasses  of  large  size  together,  as  to  bring  nether 
of  them  into  a  state  of  sixain  as  the  cement  cools,  or  otherwise  fixes ;  and  were  it  not  for  the  fiirther  Ineoo* 
venience,  that  the  media  being  of  course  difierently  expansible  by  heat,  every  subseauent  change  of  tempetmtoro 
would  necessarily  distort  their  figure,  as  well  as  strain  their  parts,  when  thus  forcibly  held  together,  Just  as  wm 
see  a  compound  lamina  of  two  difierently  expansible  metals  assume  a  greater  or  less  curvature,  according  to 
the  temperature  it  is  exposed  to.   Meanwhile  the  condition  in  question  is  algebraically  expressed  bv  J/zs  (y»'-.l) 
(r'  —  f^O ;  for  >n  this  case  R'  =  r',  and  R''  =  R"'  =  r'^  and  this  being  of  the  first  degree  only  in  /,  r",  afibrds  a 
final  equation  of  a  quadratic  form  by  eliniination  with  X  =  0,  which  latter,  in  the  case  before  us  of  two  lenses, 
IS  the  same  as  the  equation  (v).  Art.  312,  writing  only  r'  for  R\  and  r^'  for  R"'. 
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But  this  condition  of  Clairaut's  has  another  and  much  greater  inconvenience,  which  is,  that  the  resulting     P»rt  II. 
^^      quadratic  has  its  roots  imaginary,  when  the  refractive  and  dispersive  powers  of  the  glasses  are  such  as  are  hy  no  ^"^7^^ 
sneans  unlikely  to  occur  in  practice ;  and  without  the  limits  of  refraction  and  dispersion,  for  which  they  are  real,  jj,*™^ 
-the  resulting  curvatures  change  so  rapidly  on  slight  variations  of  the  data,  as  to  make  their  computation  delicate,  ^^'^^ 
^oA  interpolation  between  them,  so  as  to  form  a  table,  very  troublesome.     D'Alembert,  in  his  C^uscules^  tom.  iii., 
.Sias  proposed  a  variety  of  other  limitations,  such,  for  instance,  as  annihilating  the  spherical  aberration  for  rays 

5  X  >X 

-^■jf  all  colours,  (which  comes  to  the  same  as  supposing  at  once  X  =  0  and  -yr  ^/^  +       jy    ^  f^'  ^  .^»  *°^ 

*^Iiidi  leads  to  biquadratic  equations,  and  affords  no  practical  advantage,)  &c.     But,  without  going  into  useless 
-^refinements  of  this  kind,  the  very  form  of  the  general  equation  X  +  Y.iy+Z.iy'=sO  points  out  a  condition 
^^^combining  every  advantage  the  case  is  susceptible  of.     This  consists  in  putting  Y  =  0.     By  this  supposition,  the 
-^■erm  depending  on  D'  is  destroyed,  without  assuming  ly  =  0 ;  so  that  the  telescope  is  not  only  perfect  for  parallel  Another 
T^^rays,  but  admits  of  as  considerable  a  proximity  of  the  object  without  losing  its  aplanatic  character,  as  the  propoMd. 
^^■aature  of  the  case  will  allow.     The  term  Z.D"^  indeed,  or 

iy.{(-i-  +  3)  L'+(-|.  +  8)L"+&c.}. 

^■>,annot  vanish  when  two  lenses  only  are  used,  being  composed  wholly  of  given  functions  of  the  refractive  and 
-^^Edispersive  powers,  unless  by  jy  itself  vanishing,  or  by  an  accidental  adjustment  of  the  values  of  fi'^  fif^  I/,  &c. 
-ZXBut  except  the  object  be  brought  within  a  comparatively  small  distance  from  the  telescope,  (such  as  ten  times  its 
•^■pwn  length,)  the  square  of  jy  is  always  so  small  as  to  allow  of  our  disregarding  this  term,  and  considering  the 
:^^  nsCnunent  as  perfe^y  ^lanatic  when  Y  =:  0.  Now  this  equation,  being  of  the  first  degree  in  r^,  r",  adds  no 
:^^aew  algebraic  difficulty  to  the  problem,  but  leads  by  elimination  to  a  final  quadratic ;  and,  what  is  of  most  con- 
^^i^Kqnence,  for  such  values  of  /,  /',  and  the  dispersive  ratio  «r  as  occur  in  practice,  the  roots  of  this  quadratic 
^^^mn  always  real,  and  the  resultijdg  curvatures  of  all  the  surfaces  are  moderate,  and  well  adapted  for.  practice ;  more 
t>,  indeed,  than  in  any  construction  hitherto  proposed.  They  are,  moreover,  such  as  to  afibrd  remarkable  and 
ecnliar  facilities  for  interpolation,  as  we  shall  presently  see.  These  reasons  seem  to  leave  no  room  for  hesita^ 
ion  in  fixing  on  the  condition  Y  =  0,  as  that  which  ought  to  be  introduced  to  limit  the  problem  of  the  con- 
taction  of  a  double  object-glass,  and  to  render  it,  so  far  as  it  can  be  rendered,  aplanatic. 
This  equation,  in  the  case  in  question,  is  469 

«  =  4(l  +  -i-)l/,-+4(l+-l.)l,',« 

hidi  is  to  be  combined  with  (t?).  Art.  412,  in  which  R'  =  »^  and  R'"=  »^'.    To  reduce  these  to  numbers,  fi\  f/'      ^'^^ 

id  the  dispersive  ratio  «r  must  first  be  known.     The  readiest  and  most  certain  way  in  practice,  for  the  use  of 

le  optician,  is  to  form  small  object-glasses  from  specimens  of  the  glasses  intended  to  be  employed,  and  by  trial 

~ :  them  Ull  the  combination  is  as  free  from  colour  as  possible,  by  the  test  usually  had  recourse  to  in  practice. 

ist  to  eoEamine  with  a  high  magnifying  power  the  imag^  of  a  well  defined  white  circle,  or  circular  annulus  on 

black  ground.     If  its  edges  are  totally  free  from  colour,  the  adjustment  is  perfect,  but  (owing  to  the  secoa- 

uy  spectrum)  this  will  seldom  be  the  case ;  and  there  will  generally  be  seen  on  the  interior  edge  of  the  annulus 

faint  green,  and  on  the  exteriiur  a  purplish  border,  when  the  telescope  is  thrown  a  little  out  of  fbcus  by  bringing 

eye-glass  too  near  the  object-glass,  and  vice  versd.    The  reason  is,  that  while  the  great  mass  of  orange  and 

rays  is  collected  in  one  focus,  the  red  and  violet  are  converged  to  a  focus  farther  from,  and  the  green  to 

tarer  to  the  object-glass ;  the  refi*action  of  the  gpreen  rays  being  in  favour  of  the  convex  or  crown  glass,  and 

red  and  violet  (which  united  form  purple)  in  fiivour  of  the  flint  (see  table.  Art.  443)  or  concave  lens.    The 

lengths  of  the  lenses  are  then  to  be  accurately  determined,  and  the  ratio  of  the  dispersions  (tsr)  will  then 

known,  being  the  same  with  that  of  the  focal  lengths  (454).     The  refiactive  indices  ^1  be  best  ascertained 

direet  obaemition,  forming  portions  of  each  medium  into  small  prisms.     Now,  tsr  being  known,  if  we  take 

1  «r 

fiir  the  power  of  the  compound  lens,  we  have  1/  =: and  L"  =  —  ; ,  so  that  1/  and  L"  are 

■^  "^  1-tar  1— tar 


and  we  have  therefore  only  to  substitute  their  values  and  those  of  /m.',  f/\  in  the  algebraic  expressions, 
d  proeeed  to  eliminate  by  the  usual  rules.     The  following  compendious  table  contains  the  result  of  such  DimeBsiom 
^eolations  for  the  values  of  /i',  y  and  C7  therein  stated,  together  with  the  amount  of  variation  produced  by  of  an  apU- 
-.arying  either  of  the  refiwstive  indices  independently  of  the  other,  for  the  sake  of  interpolation  by  proportional  2l!!f  **^^^ 
Ffig.  108  is  a  representation  of  the  resulting  object-glass.  *^' 
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Tabic  for  priding  th&  DimejiHont  of  an  Aplanaiic  Ohjecl-glas^, 

Refractive  index  of  crown,  or  convex  lens  =  ^'  =  L5^4. 

Refractive  index  of  flint,  or  concave  lens  ^  //'  =  L&85. 

Compound  focal  lengths  10.000, 


CROWN  LRNS, 

FUNT  LENS,                                  1 

Second 

Third 

First  surface,  convei.              surface, 

Surface, 

Fourth  fturfftce,  convex. 

I  convex. 

Concave. 

R^iu^ 

\"arifttioa  of 

VariatioQ  of 

Variation  of 

Variation  of                      | 

Dis- 

for lh«j 

rsulius  for  a 

radius  for  a 

Foral 

EadiiL^i  for 

radius  for  m 

radius  for  A 

per- 

change of 

chaiiij^e  of 

Radius 

leEgih 

Radios 

the  above 

change  of 

change  of 

Focal 
length  of 

sive 

+  O.OIO  ID 

+  0,010  in 

of  con- 

of 

of  con- 

refractive 

+  OJfOin 

•f  0.010  ill 

r&tia 

■  d' 

ref  iodejt  of 

r«r  index  of 

veiity. 

crown 

C4vity. 

indices. 

ref,  indfijt  of 

ref,  inder  of 

flint  lens. 

■w  s:. 

crown  gls55. 

fliii(  g^taai. 

lens. 

crown  glats. 

flint  glass. 

0.50 

6.7485 

+  0.0500 

-  0,0030  4 J2827 

5,0 

4.1575 

14.3697 

^  0.9921 

-  0,3962 

10.0000 

0.55' 

6.7184 

+  0,0740 

-  0.00113,6332 

4.5 

3.6006 

14,5353 

-h  1.0080 

-  0.5033 

8.1818 

O.60I 

6.7069 

+  0.0676 

+  0.0037  S.04S8 

4.0 

3.0640 

14,2937 

+  1.1049 

—  0.5659 

6M667 

0.65 

6.7316 

+  0.0563 

+  0.0125  2,5208 

3,5 

2.5566 

13.5709 

+  1,1614 

-  0.6323 

5.3846 

0.70 

6,8279 

+  0,0335 

+  0.0312  2,0422 

3,0 

2.0831 

12,3154 

4-  1.1613 

-O.7570I  4.2858   1 

0.75' 

7.0816^—0.0174 

+  0.05681,6073 

2,5 

1.6450 

103186 

-f  1.0847  -0.7207    8.3333   1 

the  u»6  of 
the  Uble. 


To  apply  this  table  to  any  other  proposed  state  of  the  data,  we  have  only  to  consider  that  to  compute  the 
of  any  one  of  the  surfaces,  as  the  fi r.st  or  fourth,  we  iiave  only  to  re^rd  each  element  as  varying^  separately,  and 
471.  take  proportional  parts  for  each.  The  following  example  will  elucidate  ihe  process  :  Required  the  dimeasions 
Eumple  of  for  an  object-glass  of  30  inches  focus,  the  refractive  index  of  the  crown  glass  being  1,519,  and  that  of  thefiiiit 
1,589 ;  the  dispersive  powers  being  as  0,567  :  1,  or  0.567  being  the  dispersive  ratio.  Here  ^'  =  1.519, 
p!^  —  1.569,  and  rs  =  0.567,  The  computation  must  first  be  instituted  for  a  compound  focus  ^  10,000»  as  ia  the 
table,  and  we  proceed  thus: 

Ist.  Subtract  the  decimal  (0.567)  representing  the  dispersive  ratio  from  l.DOO,  and  10  times  the  remtittder 
(=  10  X  0.433  =  4.330)  is  tlie  focal  length  of  the  crown  lens. 

2nd,  Divide  unity  by  the  decimal  above  mentioned,  (0.567,)  subtract  1,000  from  the  quotient  (  -,  ,  ,     = 

1.7635,  minus  1  =  0,7635)  and  the  remainder  multiplied  by  10  (or  7.635)  is  the  focal  length  of  the  Aim  ten^ 
We  must  next  determine  by  the  tables  the  radii  of  the  first  and  fourth  surfaces  for  the  dispersive  ratio*  thf!««t 
down  (0.55  and  0.60)  next  less  and  next  greater  than  the  given  one.     For  this  purpose  we  have 

Refractive  powers  given 1.519  and  1,589 

Refractive  powers  in  table    ,.*•..    L524    . .     1.585 


Differences       -  0,005       -f  0.004 

The  given  refraction  of  the  crown  Iming  leS8»  and  of  the  flint  greater,  than  their  average  values  on  which  tbe 
table  is  founded.     Looking  out  now  opposite  to  0.55  in  the  6rst  column  for  the  variations  in  the  two  nM 

corresponding  to  a  change  of  -f  0.010  in  the  two  refractions,  we  find  as  follows: 

First  surface.      Fourth  surface. 
For  a  change  =  -f  0,010  in  the  crown  +  0.0740       +  1.0080 
For  a  change  =  +  0.010  in  the  flint     —  0,0011        -  0.5033 

But  die  actual  variation  in  the  crown  instead  of  4-  0.010  being  —  0,005»  and  of  the  flint  +  0.004,  we  must  take 
the  proportional  parts  of  these,  changing  the  sign  in  the  former  ease ;  thus  we  find  the  variations  in  the  first  anil 
last  radii  to  be 
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For  —  0*005  variation  in  the  crown 
For  -f  0.004  variation  in  the  flint    . 


-  0.0370 

—  0.0004 


Total  variation  from  both  causes  ....    —  0,0374 
B»it  the  ra^lii  in  the  table  are    6.7184 


Fourth  surfacet 

-  0,5040 

-  0.2013 

-  0.7053 
14.5353 

13.8300 


Hence  the  radii  interpolated  are 6.6810 

If  we  interpolate,  by  a  process  exactly  Bimilar,  the  same  two  radii  for  a  dispersive  ratio  0.60,  wc  shall  find, 
nsp€ctively. 

Pint  wrfic©.         Fourth  «urftce. 
For  a  variation  of  -^  0.005  in  the  crown  —  0.0^38         ^  0.5524 

For  a  variation  of  +  0.004  in  the  flint    +  0,0015  -  0.2264 


Total  variation 
Radii  in  table  . . 


Interpolated  radii 


-  0.0323 

6.7069 

6.6746 


-  0.7788 
14.2^37 

13.5149 


HaYing  thus  |rot  the  radii  corresponding  to  the  actual  refractions  for  the  two  dispersive  ratios  0,55  and  0,60, 
i|  anly  remains  to  determine  their  values  for  the  intermediate  ratios  0,567  by  proportional  parts ;  thuB 

First  radius.         Fourth  radiua. 
For 0  600  6.6746  13.5149 

For  ..... .        0.550  6.6810  I3.b300  ^'^^^  '  ^'^^'^  "  ^^^^^  =  ^^^^"^  ' '  ^  <^^^^^  -  "  ^^^22 

• 0.050:  0.017  ::-0.3l51: -0.1071 

Diflerencea    +  0.050         —  0.0064  —  0.3151 

So  that  6.6810—0,0022  =  6.6798,  and  13.8300  -  0,1071  =:  13.7229,  are  the  tme  radii  eorrespomling  to  the 
given  data.     Thus  we  have^  for  the  crown  lens,  focal  length  s^  4.330  =  -^— ,  radius  of  first  surface  s  6,6788 

=  ^,  index  of  refraction  =  L519  ^  /,  whence  by  the  fonnula  L'  z^  iji*  —  1)  (R'  —  R")  -|^  radius  of  the 

1 


other  surface  is  —  3.3868,     Again,  for  the  flint  lens,  the  focal  length  = 


L" 


posterior  surface  = 


—    7,635,    radius   of    the 
I 


=s  —  13,7729,  index  of  refraction  /*"  =  L589,  whence  we  find  -^~j-  =  —  3,3871 
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fbr  the  radius  of  the  other  surface.     The  four  radii  are  thus  obtained  for  a  focal  length  of  10  inches,  and  multi 
plying'  by  3  we  have  for  the  telescope  proposed 

I  in.  ill.  ia.  jq. 

1    radius  of  first  surface  ^  +  20.0364;     of  second,  —  10.1604;     of  third,  -  10.1613;     of  fourth,  —  41,1687, 

Here,  then,  we  see  that  the  radii  of  the  two  interior  surfaces  of  the  double  lens  (fig*.  108)  differ  by  scarcely  472, 
more  than  a  thousandth  part  of  on  inch  ;  so  that,  should  it  be  thought  desirable,  they  may  be  cemented  to^^ether. 
This  is  not  merely  a  casual  coincidence,  for  the  particular  fitate  of  the  data;  if  we  cast  our  eyes  down  the 
table  we  shall  find  tliis  approximate  equality  of  the  interior  cur^^atures  (those  of  the  second  and  third  surfaces) 
maintained  in  a  sin|ifular  manner  throughout  the  whole  extent  of  the  variation  of  rj.  Thus  the  construction, 
here  proposed  in  reality  for  glasses  of  the  ordinary  materials,  approaches  considerably  to  that  of  Clairant  already 
mentioned. 

f      In  order  to  put  these  results  to  the  test  of  experience,   Mr.   South  procured  an  achromatic  telescope  to  be      473. 

^executed  on  this  construction  by  Mr*  Tulley,  one  of  the  most  eminent  of  our  British  artists,  which  in  now 
in  the  possession  of  J,  Moore,  Esq.  of  Lincoln,  Its  focal  length  was  45  inches,  and  aperture  3|,  and  its  per- 
formance was  found  to  be  fully  adequate  to  the  expectation  entertained  of  it,  bearing"  a  magnifying"  power  of 
300  with  perfect  distinctness,  and  separating  easily  a  variety  of  double  stars,  Ac.  A  more  minute  account 
of  its  performance  will  be  found  in  the  Journal  of  ih*'  Royal  Institution^  No.  26,  Should  the  splendid  example 
set  by  Frannhofer  be  followed  up,  and  Oie  practice  of  the  optician  be  in  future  directed  by  a  rigorous  udherence 
to  theory,  grounded  on  exact  measurements  of  the  refractive  powers  of  his  glasses  on  the  several  coloured  rays, 
it  will  become  necessary  to  dev elope  the  above  table  more  in  detail. 

I      Wlien  three  media  are  employed  in  the  construction  of  object-glasses,  it  should  be  our  object  to  obtain  as       474^ 
great  a  diiference  as  possible  in  their  scales  of  action  on  the  differently  coloured  rays.     Dr.  Blair,  to  whom  we  Ohject- 
nre  indebted  for  the  first  extensive  examination  of  the  dispersive  powers  of  media  as  a  physical  character,  and  glasses  of 
who  first  perceived  the  necessity  of  destroying  the  secondary  spectrum,  and  pointed  out  the  means  of  doing  it,  ^fareew**^** 
M  the  only  one  hitherto  who  has  bestowed  much  pains  on   this  important  part  of  practical    optics ;    which, 
considering  the  extraordinary  success  he  obtained,  and  the  perfection  of  the  telescopes  constmcled  on  his  prin- 
ciples, ia  to  be  r^ielted.     We  have  no  idea,  indeed,  for  Ihe  reasons  already  mentioned,  that  very  lai^gc  object- 

3  &  :^ 
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glasses,  enclosing  fluids,  can  ever  be  rendered  available  ;   but  to  render  gflasses  of  moderate  dimensioiis  more  I 

perfect,  and  capable  of  bearing-  a  higher  degree  of  magnifying  power,  is  hartlly  le<5s  important  as  an  object  of  7^ 
practical  utility.     His  experiments  are  to  be  fou^nd   in    the  Tramaciions  of  (he  Royal  Socidy  of  Ediw 
1791.     We  can  here  do  little  more  than  present  a  brief  abstract  of  them. 

Dr,  Blair  having  first  discovered  that  the  secondary  fringes  are  of  ynequal  breadths,  when  binary  a^i 
combinations,  having  equal  total  refractions,  are  formed  of  different  dispersive  media,  was  immediately  led 
consider,  that  by  employing  two  such  different  combinations  to  act  in  opposition   to   each  other,  if  the  t< 
refractions  were  equals  the  ray  would   emerge  of  course  undeviated,  and  with  its   primary  spectrum   destroyed 
but  a  secondary  spectmm  would  remain,  equal  to  the  difference  of  the  secondary  spectra  in  the  two  comb:' 
tions.     Therefore,  by  a  reasoning  precisely  similar  to  that  which  led  to  the  correction  of  the  primary  specl 
itself,  (Art,  426  and  427,)  if  we  increase  the  total  refraction  of  that  combination  A  which,  ctekris  paribm^^'vx 
the  iemi  secondary  spectrum,  its  secondary  colour  will  be  increased  accordingly,  till  it  becomes  equal  to  that 
the  other  B  ;  so  tliat  the  emergent  beam  will  be  free  from  the  secondary  spectra  altogetlier,  and  will  be  deviaud 
on  the  whole  in  favour  of  the  combination  A.     Reasoning  on  these  grounds,  Dr,  Blair  fonned  a  compound,  or 
binary  achromatic  convex  lens  A,  (fig.  109^)  of  two  fluids  a  and  b^  (two  essential  oils,  such  as  naphtha  and  oil 
of  turpentine,  differing  considerably  in  dispersion,)  which,  when  examined  alone,  was  found  to  have  a  greater 
refractive  power  on  the  green  rays  than  on  the  united  red  and  violet.     He  also  formed  a    second    binary  lens  B, 
of  a  concai^e  character^  and  also  achromatic,  (j.  e.  having  the  primary  spectrum  destroyed,)  consisting  of  the  more 
dispersive  oil  (6)  and  glass,  and  in  which  the  green  rays  are  also  more  refracted  than  the  united  red  and  violet, 
but  in.  a  greater  degree  in  proportion  to  the  whole  deviation,  than  in  the  other  combination ;  and  in  precisely 
the  same  degree  was  the  focal  length  of  this  lens  increased  or  its  refraction  diminished,  when  compared  with 
that  of  the  combination  A,     When,  therefore,  these  two  lenses  were  placed  together^  as  in  fig.  109,  an  excesi  of 
refraction  remained  in  favour  of  the  convex  combination  ;   but  the  secondary  spectra  of  each  being  equal  and 
opposite  (by  reason  of  the  opposite  character  of  the  lenses)  were  totally  destroyed*     In  fact,  he  states,  that  in 
a  compound  lens  so  constructed,  he  could  discover  no  colour  by  the  most  rigid  test ;    and  thence  concluded, 
not  only  the  red,  violet,  and  green  to  be  united,  but  also  all  the  rest  of  the  rays,  no  outstanding  colour  of  blue 
or  yellow^  being  discernible.     In  placing  tlie  lenses  together,  the  intermediate  plane  glasses  may  be  supprMwd 
altogether,  as  in  fig.  110. 

It  was  in  the  course  of  these  researches  that  Dr.  Blair  was  led  to  the  knowledge  of  the  possibility  of  ibrming 
binary  combtnalions,  having  secondary  spectra  of  opposite  characters ;  that  is,  in  which  (the  total  refiradion 
lying  the  same  way)  the  order  of  the  colours  in  the  secondary  spectra  should  be  inverted.  In  other  words,  that 
while  in  some  combinations  the  green  rays  are  more  refracted  than  the  united  red  and  violet,  in  others  they  are 
less  so.  He  found,  for  instance,  that  while  in  most  of  the  highly  dispersive  media,  including  metallic  solutions 
the  green  lay  among  the  less  refrangible  rajs  of  the  spectrum^  there  yet  exist  media  considerably  dispersive,  in 
which  ihe  reverse  holds  good.  The  muriiitic  acid,  among  others,  is  in  this  predicament.  Hence,  in  biaary 
combinations  of  glass  with  this  acid,  the  secondary  spectrum  consists  of  colours  oppositely  disposed  from  (hit 
formed  by  glass  and  the  oils,  or  by  crown  and  flint  glass.  In  consequence  of  this,  to  form  an  object -glass  of 
two  binary  combinations,  as  described  in  the  last  article,  they  must  both  be  of  convex  characters.  But  this  atfbrds 
no  particular  advantage.  Dr.  Blair,  however,  considered  the  matter  in  another  and  much  more  important  light, 
as  oUcring  the  means  of  dispensing  mth  a  third  medium  altogether,  and  producing  by  a  single  binary  combina- 
tion a  refraction  absolutely  free  from  secondary  colour.  To  this  end  he  considered,  that  it  appears  to  depend 
entirely  on  the  chemical  nature  of  the  refracting  medium,  what  shall  be  tlie  order  and  distribution  of  the  colours 
in  the  spectrum,  as  well  as  what  shall  be  the  total  refraction  and  dispersive  powers  of  the  medium  ;  and  th&l 
therefore  by  varying  properly  the  ingredients  of  a  medium,  it  may  be  practicable,  without  greatly  varying  the 
total  refraction  and  dispersion,  still  to  produce  a  considerable  change  in  the  internal  arrangement  (if  we  may 
use  the  phrase)  of  the  spectrum  ;  and  therefore,  perhaps,  to  form  a  compound  medium  in  which  the  ^e\efl 
colours  shall  occupy  spaces  regulated  by  any  proposed  law,  (within  certain  limits.)  Now  if  a  medrum  could  be 
so  compounded  as  to  have  the  same  scale  of  dispersions,  or  the  same  law  of  distribution  of  the  colours  as  crown 
glass  with  a  different  absolute  dispersion,  as  we  have  already  seen,  nothing  more  would  be  required  for  the  per* 
fection  of  the  double  object-glass.     The  property  of  the  muriatic  acid  just  mentioned  puts  this  in  oar  power 

It  is  obsencd,  that  the  presence  of  a  metal  (antimony,  for  instance)  in  a  fluid,  while  it  gives  it  a  high  reta- 
tive  and  dispersive  power,  at  the  same  time  tends  to  dilate  the  more  refrangible   part  of  the  spectrum  beyWW 
its  due  proportion   to  the   less.     On  the  other  hand,  the  presence  of  muriatic  acid  tends  to  produce  a  conlf«fy 
eflect,  contracting  the  more  refrangible  part  and  dilating  the  less,  beyond  that  proportion  which  they  have  in 
glass.     Hence,  Dr.  Blair  was  led  to  conclude^  that  by  mixing  muriatic  acid  with  metallic  solutions,  in  proportions 
to  be  determined  by  experience,  a  fluid  might  be  obtained  with  the  wished  for  property  ;  and  this  on  irial  bt 
found  to  be  the  case.     The  metals  he  used  were  antimony  and  mercury  ;  and  to  ensure  the  presence  of  a  suffi- 
cient quantity  of  muriatic  acid,  he  employed  them  in  the  state  of  muriates,  in  aqueous  solution ;  or,  in  the  case 
of  mercury,  in  a  solution  of  sal  ammoniac,  wliich  is  a  compound  of  ammonia  and  muriatic  acid,  and  which  is 
capable  of  dissolving  a  considerably  greater  quantity  of  corrosive  sublimate  (muriate,  or  chloride   of  mercury) 
than  water  alone.     By  adding  liquid  muriatic  acid  to  the  compound  known  by  the  name  of  butler  of  antimony, 
(chloride  of   antimony,)  or  sal   ammoniac  to  the  mercurial   solution,  he  succeeded  completely  in  obtainiugi 
spectrum  in  which  the  rays  followed  the  same  law  of  dispersion  as  in  crown  glass,  and  even  in  over-correcting 
the  secondary  spectrum,  so  as  to  place  its  exact  destruction  completely  in  his  power.     It  only  remained  to  fonii 
an  object-glass  on  these  principles.     Fig.  Ill  is  such  an  one,  in  which,  though  there  are  two  refractions  at  tte; 
confrnes  of  the  glass  and  fluid,  yet  the  chromatic  aberration,  as  Dr.  Blair  assures  us,  was  totally  destroyed* 
the  rays  of  different  colours  were  bent  from  their  rectilinear  course  with  the  same  equality  as  in  reflexion. 
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To  such  an  extent  haR  Dr.  Bldr  carried  tliese  interesting  experiments^  that  he  assures  us  he  has  found  h  prac- 

;  licable  to  construct  an  object-glass  of  nine  inches  focal  len^^h*  capable  of  bearing  an  aperture  of  three  inches,  a 
thing  which  assuredly  no  arlist  would  ever  dream  of  attempting  with  glass  lenses;  and  we  cannot  close  this 
account  of  his  labours  without  joinijig  in  a  wish  expressed  on  a  similar  occasion  by  Dr.  Brewster,  whose 
researches  on  dispersive  powers  have  so  worthily  filled  up  the  outline  sketched  by  his  predecessor,  that  this 
branch  of  practical  optics  may  be  resumed  with  the  attention  it  deserves,  by  artists  who  have  the  ready  means 
of  executing  the  experiments  it  would  require.  Could  solid  media  of  such  properties  he  discovered,  the  telescope 
would  become  a  new  justniment. 

These  experiments  of  Dr,  Blair  lead  to  the  remarkable  conclusion,  that  at  the  common  surface  of  two  media 
a  white  ray  may  be  refracted  without  separation  into  its  coloured  elements.     In  fact,  /*  and  /*'  being  the  refrac- 

tive  indices  of  the  media  for  any  ray  as  the  extreme  red,  will  be  their  relative  refractive  index  for  that  ray, 

•nd  -^- — ^^ —  will  be  the  relative  index  for  any  other  ray.     If,  then,  the  refractive  and  dispersive  powers  of 


the  media  be  such  that 
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or  ;t  J  ^'  ^  fi'lftt  that 


if 


3/ 


and  if,  moreover,  this 


relation  hold  good  throughout  the  spectrum,  i.  e.  if  the  increments  of  the  refractive  indices,  in  proceeding  from 
the  red  to  the  violet  end  of  the  spectrum,  be  proportional  to  the  refractive  indices  themselves,  then  the  relative 
index  Is  the  same  for  all  rays,  and  no  dispersion  will  take  place.     Now  this  gives  a  relation  between  the  disper- 


sive and  refractive  indices  of  the  two  media,  viz.  —  == 


I  — -— 

and,  in  addition  to  this 


condition,  the  scale  of  dispersions  must  be  the  same  in  both  media.  According  as  the  dispersions  differ  one  way 
or  the  other  from  this  precise  adjustment,  the  violet  ray  may  be  either  more  or  less  refracted  than  the  red  at  the 
common  surface  of  the  two  media. 

Wc  shall  terminate  the  theory'  of  achromatic  object-glasses  with  a  problem  of  considerable  practical  import- 
once,  as  it  puts  it  in  our  power,  having  obtained  an  approximate  degree  of  achromaticity  in  an  object-glass,  to 
complete  the  destruction  of  the  colour  without  making  any  alteration  in  the  focal  lengths  or  curvatures  of  the 
lenses,  by  merely  placing  them  at  a  greater  or  less  distance  from  one  another 

Problem.  To  express  the  condition  of  achromaticity,  when  the  two  lenses  of  a  double  object-glass  are  placed 
at  a  distance  from  each  other,  (=  ^) 

Resuming  the  notation  of  Art.  251  and  268,  we  have 
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and 


/"=L'  +  D; 


/" 


(I -/'■()» 


s  J  L"  + 


>/"=JL'; 


{  1  -  <  (L'  +  D)  }  ' 


Now,  that  the  combination  may  be  achromatic,  we  must  have  )/''  rs  0  ;  and,  since  t  and  D  are  constant,  and 
L'  and  L''  only  vary  by  the  variations  of  ft,  ft"  the  refractive  inctice.s,  we  have  J  L'  =:  (R'  —  R")  J^'s: 

,_  1    L'  =  p'L',  and  similarly  *  L"  =  p"  L",  so  that  substituting  we  get 

,  {1_<(L'+D)}. +  1^.-^  =  0. 

Such  IS  the  condition  of  achromaticity.  Since  it  depends  on  D,  it  appears  that  if  the  lenses  of  an  ohject- 
^!as8  be  not  close  tog-ether,  it  will  cease  to  be  achromatic  for  near  objects,  however  perfectly  the  colour  he  cor- 
rected for  distant  ones.  The  eye  therefore  cannot  be  achromatic  for  object^!  at  all  distances,  its  lenses  being 
of  g^at  thickness  compared  to  their  focal  leng^tha  ;  and,  therefore^  althougpb  in  contact  at  their  adjacent  surfaces, 
yet  having  considerable  intervals  between  others. 

For  parallel  rays  the  equation  becomes 

*^hence,  the  dispersions  and  powers  of  the  lenses  being  |2^ven  their  interval  t  may  be  found  by  the  expression 


* 


i 


The  condition  of  achromaticity,  were  the  lenses  placed  close  together,  would  be,  as  we  have  already  shown,      '''*• 


k 
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^^ ^  .  --rn-  =:  1.     Hence,  whenever  this  fi-action  is  less  than  unity,  that  is  whenerer  IJ\  the  power  of  die  >^ 

concave  or  flint  lens  (which  we  here  suppose  to  he^the  second)  is  too  great ;  or  when,  as  the  opticians  call  it»  Urn 
colour  is  over-corrected,  the  object-glass  may  be  made  achromatic,  or  their  over-correction  remedied,  without  m» 
grinding  the  glasses,  merely  by  separating  the  lenses ;  for  in  this  case  the  quantity  under  the  radical  is  leaa  Hwi' 
unity,  and  therefore  t  is  positive,  a  condition  without  which  the  rays  could  not  be  refracted  as  we  have  auppoged' 
them. 
AQo  Moreover,  this  affords  a  practical  and  very  easy  means  of  ascertaining,  with  the  greatest  precision,  tbe  dis- 

persive ratio  of  the  two  media.    Let  a  convex   lens  of  crown  be  purposely  a  little  over-coirecied   bj  % 
concave  of  flint,  and  then  let  the  colour  be  destroyed  by  separating  Uie  lenses.    Measure  their  focal  lengths 

f — _  and  -TIT  J  ^^  ^^  interval  t  between  them  in  this  state,  and  we  have  at  once  for  the  value  of  tsr  Ae 
dispersive  ratio, 

.=4  =  -^<>-'M'- 


§  III.  Cf  the  AhiorptUm  or  Extinction  of  Light  5y  uncryttailiied  Media. 

484.  Transparency  is  the  quality  by  which  media  allow  rays  of  light  finely  to  pass  through  their  substance,  or,  it 
Ail  n^l^  may  be,  between  their  molecules  ;  and  is  said  to  be  more  or  less  perfect,  according  as  a  more  or  less  consider^ 
absorb  i»gnt.^^jg  p^^^  of  the  whole  light  which  enters  them  finds  its  way  through.     Among  media,  consisting  of  ponderable 

matter,  we  know  of  none  whose  transparency  is  perfect  Whether  it  be  that  some  of  the  rays  in  their  paaai^ 
encounter  bodily  the  molecules  of  the  media,  and  are  thereby  reflected ;  or,  if  this  supposition  be  thought  tqo 
coarse  and  unrefined  for  the  present  state  of  science,  be  stopped  or  turned  aside  by  the  forces  whidi  reside  in 
the  ultimate  atoms  of  bodies,  without  actual  encounter,  or  otherwise  detained  or  neutralized  by  them ;  certain  it 
is,  that  even  in  the  most  rare  and  transparent  media,  such  as  air,  water,  and  glass,  a  beam  of  light  intromittedi 
is  gradually  extinguished,  and  becomes  more  and  more  feeble  as  it  penetrates  to  a  greater  depth  within  theUi 
and  ultimately  b^omes  too  faint  to  affect  our  organs.  Thus,  at  the  tops  of  very  high  mountains,  a  much 
greater  multitude  of  stars  is  visible  to  the  naked  eye  than  on  the  plains  at  their  feet ;  the  weak  light  of  tlie 
smallest  of  them  being  too  much  reduced  in  its  passage  through  the  lower  atmospheric  strata  to  sfkct  the  s^j^ 
Thus,  too,  objects  cease  to  be  visible  at  great  depths  ^low  water,  however  free  from  visible  impurities,  Stc  j>r. 
Olbers  has  even  supposed  the  same  to  hold  good  with  the  imponderable  media  (if  any)  of  the  celestial  q;MCea» 
and  conceives  this  to  be  the  cause  why  «o  few  stars  (not  more  than  about  five  or  ten  millions)  can  be  seen  with 
the  most  powerful  telescopes.  It  is  probable  that  we  shall  be  long  without  means  of  confirming  or  refiitiflf 
this  ,singular  doctrine. 

485.  On  the  other  hand,  though  no  body  in  nature  be  perfectly,  all  are  to  a  certain  degree,  transparent.  One  of 
the  densest  of  metals,  gold,  may  actually  be  beaten  so  thin  as  to  allow  light  to  pass  through  it ;  and  that  it  paasss 
through  the  substance  of  tlie  metal,  not  through  cracks  or  holes  too  small  to  be  detected  by  the  eye,  is  evident 
from  the  colour  of  the  transmitted  light,  which  is  green,  even  when  the  incident  light  is  white.  The  most 
opaque  of  bodies,  charcoal,  in  a  different  state  of  aggregation,  (as  diamond,)  is  one  of  the  most  perfectly  trans- 
parent ;  and  all  coloured  bodies,  however  deep  their  hues,  and  however  seemingly  opaque,  must  necessarilv  be 
render^  visible  by  rays  which  have  entered  their  substance  ;  for  if  reflected  at  their  surfaces,  they  wonld  aB 
appear  white  alike.  Were  the  colours  of  bodies  strictly  superficial,  no  variation  in  their  thickness  could  sflbct 
their  hue ;  but,  so  far  is  this  from  being  the  case,  that  all  coloured  bodies,  however  intense  their  tint,  beoome 
paler  by  diminution  of  thickness.  Thus  the  powders  of  all  coloured  bodies,  or  the  streak  they  leave  wlien 
rubbed  on  substances  harder  than  themselves,  have  much  paler  colours  than  the  same  bodies  in  mass. 

486.  This  gradual  diminution  in  the  intensity  of  a  transmitted  ray  in  its  progress  through  imperfectly  transparent 
And  all  media,  is  termed  its  absorption.  It  is  never  found  to  affect  equally  rays  of  all  colours,  some  being  always  absorbed 
absorb  the  in  preference  to  others ;  and  it  is  on  this  preference  that  the  colours  of  all  such  media,  as  seen  by  transmitted 
co^oura^  light,  depend.  A  white  ray  transmitted  through  a  perfectly  transparent  medium,  ought  to  contain  at  its  emer> 
un^"uaiiy.  GT^^ce  the  same  proportional  quantity  of  sJl  Uie  coloured  rays,  because  the  part  reflected  at  its  anterior  and 

posterior  surfaces  is  colourless ;  but,  in  point  of  fact,  such  perfect  want  of  colour  in  the  transmitted  beam  is 
never  observed.    Media,  then,  are  unequally  transparent  for  the  differently  coloured  rays.     Each  ray  of  die 
spectrum  has,  for  every  different  medium  in  nature,  its  own  peculiar  index  of  transparency^  just  as  tbe  index  of 
refraction  differs  for  different  rays  and  different  media. 
467.  The  most  striking  way  in  which  this  different  absorptive  power  of  one  and  the  same  medium  on  difierenlly 

Experiment,  coloured  rays  can  be  exhibited,  is  to  look  through  a  plain  and  polbhed  piece  of  smalt-blue  glass,  (a  rich  deep  Uoew 
very  common  in  the  arts — such  as  sugar-basins,  finger<glasses,  &c.  are  oflen  made  of^)  at  the  image  of  any  narrow 
line  of  light  (as  the  crack  in  a  window-shutter  of  a  darkened  room)  refracted  through  a  prism  whose  edge  is 
parallel  to  the  line,  and  placed  in  its  situation  of  minimum  deviation.  If  the  glass  be  extremely  thin,  all  the 
colours  are  seen ;  but  if  of  moderate  thickness  (as  Vr  inch)  the  spectrum  will  put  on  a  very  singular  and  strikiiiff 
appearance.    It  will  appear  composed  of  several  detached  portions  separated  by  broad  and  perfectly  bh^ 


I    inteirals,  the  rays  which  correspond  to  those  poitiis  in  the  perfect  spectrum  being  entirely  extinguished.   If  a  less    Ptrt  11. 
thickness  he  emploTed,  the  intervals,  instead  of  being  perfectly  dark,  are  feebly  and  irregtjlarly  illuminated,  some  >— v-^p^ 
parts  of  lliem  being  less  enfeebled  than  others.     If  the  thickness,  on  the  other  hand,  be  increased,  the   bbck 
spaces  become  broader,  till  at  length  all  the  colours  intermediate  between  the  extreme  red  and  extreme  violet  are 
totally  destroyed. 

The  simplest  hj'pothesis  we  can  form  of  the  extinction  of  a  beam  of  homogeneous  light  in  passing  through  a  488, 
homogeneous  medium,  is,  that  for  every  equal  thickness  of  the  medium  passed  through,  an  equal  aliquot  jiart  of  ^^**  ^^'^  , 
the  rays,  which,  up  to  that  depth  had  escaped  absorption,  is  extinguished.  Thus,  if  1000  red  rays  fall  on  and  *""*™**^"^'' 
enter  Into  a  certain  green  glass,  and  if  100  be  extinguished  in  traversing  the  first  tenth  of  an  inch,  there  will 
remain  900  which  have  penetrated  so  far;  and  of  these  one-tenth»  or  90,  will  be  extinguished  in  the  next  tenth 
of  an  inch,  leaving  810,  out  of  which  again  a  tenth,  or  81,  will  be  extinguished  in  traversing  the  third  tenth, 
leaving  729^  and  so  on.  In  other  words,  the  quantity  unabsorbcd,  after  the  beam  has  traversed  any  thickness  of 
the  medium*  will  diminish  in  geometrica!  progression,  as  t  increases  in  arithmeticaL  So  that  if  1  be  taken  for 
the  whole  number  of  intromited  rays»  and  ^  for  the  number  that  escape  absorption  in  traversing  an  unit  of 
thickness,  y'  will  represent  the  number  escaping,  after  traversing  any  other  thickness*  ^:  t.  This  only  supposes 
that  the  rays  in  the  act  of  traversing  one  stratum  of  a  medium  acquire  no  additional  facility  to  pcnetnile  the 
remainder.  In  this  doctrine,  ^  is  necessarily  a  fraction  smaller  than  unity,  and  depending  on  the  nature  both  of 
the  ray  and  the  medium.  Hence,  if  C  represent  the  number  of  equally  iUuminating  rays  of  the  extreme  red  in 
a  beam  of  white  light,  if  that  of  the  next  degree  of  refrangibiiity,  and  so  on  ;  the  beam  of  white  light  Vi-ill  be 
represented  by  C  +  C^  -f-  C"  -h  &c. ;  and  the  transmitted  beam,  after  traversing  the  thickness  t,  will  be  properly 
expressed  by 

£ach  term  representing  the  intensity  of  the  particular  ray  to  which  it  corresponds,  or  its  ratio  to  what  it  is  in  the 
Mj^nal  white  beam. 

^Ht  is  evident  from  this,  that*  strictly  speaking,  total  extinction  can  never  take  place  by  anj'  finite  thickness  of 

TB«  medium  ;  but  if  the  fractiuu  p  for  any  ray  be  at  all  small,  a  moderate  increase  in  the  thickness,  (which  enters 

as  an  exponent,)  wiil  reduce  the  fraction  ^Mo  a  quantity  perfectly  insensible.     Thus,  in  the  case  tsikeu  above, 

w^here  a  tenth  of  an  inch  of  green  glass  destroys  one-tenth  only  of  the  red  rays,  a  whole  inch  will  allow  to  pasd 

f  —  J    J  or  304  raya  out  of  a  thousand,  while  ten   times  that  thickness,  or  10  inches,  will  suffer  only 


489, 


0000266,  or  less  than  three  rays  out  of  100,000  to  pass,  which  amounts  to   almost   absolute 


ioty. 


and  if  on       490. 


X  be  the  index  of  refraction  of  any  ray  in  the  water  spectrum,  we  may  regard  y  as  a  function  of  j  ; 

fline  R  V,  (fig.  112,)  representing  the  whole  length  of  the  water  spectnim,  we  erect  ordinates,  R  r,  MN,  V  Vequal  J^^'^^j"^^  ^^^ 

Sinity  and  to  each  other;  and  also  other  ordinates  R  r,  M  P,  V  v  representing  the  values  of  y  for  the   rays  at  *ny'n]J.jiuni 
Uie  corresponding  points;  the  curve  rPi?,  the  locus  of  P,  will  be*  as  it  were,  a  type,  or  geometrical  picture  of  ejj,n?s*efl 
the  action  of   the  medium  on   the  spectnim,  and  the  straight  line  RNV  will  be  a  similar  type  of  a  perfectly  bpcur*c 
transparent  medium.     Now  if  this  !>e  supposed   the  case  when  the  thickness  of  the  medium  is  1,  if  we  take  !*''»■  H^- 
always  M  P :  M  P  :  :  M  P  ;  M  N,  and  M  P  ' :  M  P'  r :  M  P' :  M  P,  &c.  and  so  on,  the  loci  of  P'  P'\  &c.  will  be 
curves  representing  the  quantities  of  the  rays  transmitted  by  the  thicknesses  2,  3,  &c.  of  the  medium,  and  so  for 
Intermediate  tliicknesses,  or  for  a  thickness  less  than  1,  as  in  the  curve  ^wv. 

Hence,  whatever  be  the  colour  of  a  medium,  if  its  thickness  be  infinitely  diminished,  it  will  transmit  all  the 
rays  indifferently  ;  for  when  ^  =  0,  y '  =  1,  whatever  be  y  ;  and  the  curve  p  ttv  approaches  infinitely  near  to  the 
line  R'N  V.  Thus  all  coloured  glasses  blown  into  excessi\^ely  thin  bubbles  are  colourless,  and  so  is  the  foam 
of  coloured  liquids. 

Again,  if  there  be  any,  the  least,  preference  given  by  the  medium  to  the  transmission  of  certain  rays  beyond 
others^  the  thickness  of  the  medium  may  be  so  far  increased  as  to  give  it  any  assignable  depth  of  tint;  for  if  y 
be  ever  so  little  less  than  unity,  and  if  between  the  values  of  y  for  different  rays  there  be  ever  so  little  difference, 
t  may  be  so  increased  as  to  make  y  *  as  small  as  we  please,  and  tlie  ratio  of  ^^ '  to  y'  *  as  different  from  unity  as 
we  please. 

In  very  deep  coloured  media  all  the  values  of  y  are  small.  If  they  were  equal,  the  medium  would  merely 
slop  light,  without  colouring  the  transmitted  beam,  but  no  such  media  are  at  present  known. 

If  the  curve  rPt%  or  the  type  of  an  absorbent  medium  have  a  maximum  in  any  part  of  the  spectrum,  as  in  the 
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green,  for  instance,  (fig,  113 ;)  then,  whatever  be  the  proportion  in  which  the  other  rays  enter,  by  a  sufficient  ^j^J'*^**^^ 
increase  of  thickness,  that  colour  will  be  rendered  predominant;  and  the  ultimak  (ird  of  the  medium*  or  the  ^ijsorpiive 
last  ray  it  is  capable  of  transmitting,  will  be  a  pure  homogeneous  light  of  that  particular  refrangibility  to  which  medium. 
die  maximum  ordinate  corresponds.      Tlius  green  glasses,  by  an  increase  of  thickness,  become  greener  and  Fig.  Ii3. 
greener,  their  type  being  as  in  fig.  113;  while  yellow  ones,  whose  type  is  as  in  fig.  114,  change  their  tint  by 
redujjlication,  and  pass  through  brown  to  red. 

This  change  of  tint  by  increase  of  thickness  is  no  uncommon  phenomenon ;  and  though  at  first  sight  para-      49  -i. 
cloxtcal,  yet  is  a  necessary  consequence  of  the  doctrine  here  laid  down.     If  we  enclose  a  pretty  strong  solution  Tint 
of  sap-green,  or,  still  better,  of  muriate  of  chromium  in  a  thin  hollow  glass  wedge»  and  if  we  look  through  the  p|"^*^|^  ^[ 
edge  where  it  is  thinnest,  at  white  paper,  or  at  the  white  light  of  the  clouds,  it  appears  of  a  fine  green;  but  if  t'f,7Jit^aa^" 
we  slide  the  wedge  before  the  eye  gradually  so  as  to  look  successively  through  a  greater  and  greater  tliickness 
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of  the  liquid,  the  green  tint  grows  liyid*  and  passes  through  a  sort  of  neutral,  brownish  hue,  to  a  deep  blood-  *  1 
red.    To  understand  this,  we  must  observe,  that  the  curves  expressing  the  types  of  different  absorbent  mediae  ^ 
admit  the  most  capricious  variety  of  form,  and  very  frequently  have  several  maxima  and  minima  comtipooidMDff 
to  as  many  different  colours.    The  green  liquids  in  question  have  two  distinct  maxima,  as  in  fig.  115 ;  the  mm 
corresponding  to  the  extreme  red,  the  other  to  the  green,  but  the  absolute  lengths  of  the  maximum  owMmlni. 
are  unequal,  the  red  being  the  greater.     But  as  the  extreme  red  is  a  very  feebly  illuminating  ray,  while  on  tto 
other  hand  the  green  is  vivid,  and  affecu  the  eye  powerfully,  the  latter  at  first  predominates  over  the  former,  avl 
entirely  prevents  its  becoming  sensible ;  and  it  is  not  till  the  thickness  is  so  far  increased  as  to  leave  a  very  graoi  > 
preponderance  of  those  obscure  red  rays,  and  subdue  their  rivals,  as  in  the  case  represented  by  the  lowoi*  oC. 
the  dotted  curves  in  the  figure,  that  we  become  sensible  of  their  influence  on  the  tint.     Suppose,  for  uutaaoi^r 
to  illustrate  this  by  a  numerical  example,  the  index  of  transparency,  or  value  of  y,  in  muriate  of  dirominnv  ttt 
be  for  extreme  red  rays,  0.9 ;  for  the  mean  red,  orange,  and  yellow,  O.l :  for  green,  0.5  ;  and  for  blue,  u^^t^.' 
and  violet,  0.1  each ;  and  suppose,  moreover,  in  a  b^un  of  white  light,  consisting  of  10,000  rays,  ail  eywffHy. 
iUumituUive^  the  proportions  corresponding  to  the  different  colours  to  be  as  follows : 


Extreme  red. 
200 


Red  aod  orange. 
1300 


YeUow. 
3000 


Oreen. 
2800 


Blue. 
1200 


Indigo. 
1000 


Violet 
500. 


Then,  after  passing  through  a  thickness  equal  to  1  of  the  medium,  the  proportions  in  the  transmitted 
would  be 


Extreme  red. 
180 


Red  and  orange. 
130 


YeUow. 
300 


Oreen. 
1400 


After  traversing  a  second  unit  of  thickness,  they  would  be 


Extreme  red. 
162 


Red  and  orange. 
13 


Yellow. 
30 


and  after  a  third,  a  fourth,  a  fifth,  and  sixth  respectively. 


Extreme  red. 
146 
131 
118 
106 


Red  and  orange. 
1 
0 
0 
0 


Yellow. 
3 
0 
0 
0 


Green. 
700 


Green. 

350 

175 

87 

43 


Blue. 
120 


Blue. 
12 


Blue. 
1 
0 
0 
0 


Indigo. 
100 


Indigo. 
10 


Indigo. 
1 
0 
0 
0 


Violet 
50. 


Violet 
5. 


Violet 
0 
0 
0 
0. 
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Thus  we  see,  that  in  the  first  of  these  transmitted  beams  the  green  greatly  preponderates ,  after  the 
transmission,  it  is  still  the  distinguishing  colour ;  but  after  the  thii^  the  red  bears  a  proportion  to  it  1  _ 
enough  to  impair  materially  the  purity  of  its  tint.  The  foiuth  transmission  may  be  regarded  as  totally  extiik 
g^ishing  all  the  other  colours,  and  leaving  a  neutral  tint  between  red  and  green ;  while,  in  all  the  tifl|» 
produced  by  fiirther  successive  transmissions,  the  red  preponderates  continually  more  and  more,  till  at  leoglli 
the  tint  becomes  no  way  distinguishable  from  the  homogeneous  red  of  the  extremity  of  the  spectrum.  .     . 

Whether  we  suppose  the  obscurer  parts  of  the  spectrum  to  consist  of  fewer  rays  equally  illuminative,  or  jof 
the  same  number  of  rays  of  less  intrinsic  illuminating  power  with  the  brighter,  obviously  makes  no  difierence  in 
the  conclusion,  but  the  former  supposition  has  the  advantage  of  afibrding  a  hold  to  numerical  estimation  which 
the  latter  does  not.  In  the  instance  here  taken,  the  numbers  are  assumed  at  random.  But  Fraunhofer  has  made  a 
series  of  experiments  expressly  to  determine  numerically  the  illuminating  power  of  the  different  rays  of  the  spedram. 
According  to  which,  he  has  constructed  the  curve  fig.  116,  whose  ordinate  represents  the  illuminative  power  of 
the  ray  in  that  part  of  the  spectrum  on  which  it  is  supposed  erected,  or  the  proportional  number  of  equally 
illuminative  rays  of  that  refirangibility  in  white  light.  If  we  would  take  this  into  consideration  in  our  geooM- 
trical  construction,  we  must  suppose  the  type  of  white  light,  instead  of  being  a  straight  line,  as  in  fig.  1 12. . . , 
114,  to  be  a  curve  similar  to  fig.  116,  and  the  other  derivative  curves  to  be  derived  fi-om  it  by  the  same  rules, 
as  above.  But  as  the  only  use  of  such  representations  is  to  express  concisely  to  the  eye  the  general  scale'  qi 
action  of  a  medium  on  the  spectrum,  this  is  rather  a  disadvantageous  than  a  usefiil  refinement. 

To  take  another  instance.  If  we  examine  various  thicknesses  of  the  smalt-blue  glass  above  noticed,  it  will 
be  found  to  appear  purely  blue  in  small  thicknesses.  As  the  thickness  increases,  a  purple  tinge  comes  on,  wliiieh 
becomes  more  and  more  ruddy,  and  finally  passes  to  a  deep  red ;  a  great  thickness  being,  however,  required 
to  produce  this  effect  If  we  examine  the  tints  by  a  prism,  we  shall  find  the  type  of  this  medium  to  be  as  in 
fig.  117,  having  four  maximum  ordinates,  the  greatest  corresponding  to  a  ray  at  the  very  fiurthest  extremity  of  the 
red,  and  diminishing  with  such  rapidity  as  to  cause  an  almost  perfect  insulation  of  this  ray ;  the  next  correspouils 
to  a  red  of  mean  refrangibility,  the  next  to  the  mean  yellow,  and  the  last  to  the  violet,  the  ordinate  increaaiiw 
continually  to  the  end  of  the  spectrum.  Thus,  when  a  piece  of  such  glass  of  the  thickness  0.042  inch  was  U86a» 
the  red  portion  of  the  spectrum  was  separated  into  two,  the  least  refi-acted  being  a  well  defined  band  of  pfv-' 
fectly  homogeneous  and  purely  red  light,  separated  fit>m  the  other  red  by  a  band  of  considerable  breadth,  sad 
totally  black.  This  red  was  nearly  homogeneous ;  its  tint,  however,  differing  in  no  respect  firom  the  former, 
and  being  free  fit)m  the  slightest  shade  of  orange.  Its  most  refracted  limit  came  very  nearly  up  to  the  dark  Una 
D  in  the  spectrum.  A  smidl,  sharp,  black  line  separated  this  red  fit)m  the  yellow,  which  was  a  pretty  well  defined 
band  of  great  brilliancy  and  purity  of  colour,  of  a  breadth  exceeding  that  of  the  first  red,  and  bounded  on  tlie 
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rid*  hf  an  dbaeow  but  not  quite  Uack  interval.  The  green  was  doll  and  ill  defined,  bnt  the  violet  was 
~  with  voy  little  loss.  A  double  thickness  (0.084  inch)  obliterated  the  second  red,  greatly  enfeebled 
yellowt  leaving  it  now  sharply  divided  from  the  green,  which  was  also  extremely  enfeebled.  The  extreme 
however,  retained  nearly  its  whole  light,  and  the  viplet  was  very  little  weakened.  MThen  a  great  many 
were  laid  together,  the  extreme  red  and  extreme  violet  only  passed* 
Among  tran^arent  media  of  most  ordinary  occurrence,  we  may  distinguish,  first,  those  whose  type  has  its 
deereasing  regularly,  with  more  or  less  rapidity  from  the  red  to  the  violet  end  of  the  spectrum,  or 
ich  abflort>  the  rays  with  an  energy  more  or  less  nearly  in  some  direct  ratio  of  their  refrangibility.  In  red 
'  aeailet  media  the  absorbent  power  increases  very  rapidly,  as  we  proceed  from  the  red  to  the  violet.  In 
V  orange,  and  brown  ones,  less  so ;  but  all  of  them  act  with  great  energy  on  the  violet  rays,  and  produce 
total  obliteration  of  them.  In  consequence  of  this,  by  an  increase  of  thickness,  all  these  media  finally  become 
ESzamples :  red,  scarlet,  brown,  and  yellow  glasses ;  port  wine,  infiision  of  saffiron,  permuriate  of  iron, 
te  of  gold,  brandy,  India  soy,  &c. 
Among  green  media,  the  generality  have  a  single  maximum  of  transmission  corresponding  to  some  part  of 
I  green  rays,  and  their  hue  in  consequence  becomes  more  purely  green  by  increase  of  thickness.  Of  this 
id  are  green  glasses,  green  solutions  of  copper,  nickel,  &c.  They  absorb  both  ends  of  the  spectrum  with 
i  mergy  ;  the  red,  however,  more  so,  if  the  tint  verges  to  blue ;  the  violet,  if  to  yellow.  Besides  these, 
ever,  are  to  be  remarked  media  in  which  the  type  has  two  maxima ;  such  may  be  termed  dichromatic, 
iYvag  really  two  distinct  colours.  In  most  of  these,  the  g^en  maximum  is  less  than  the  red ;  and  the  gpreen 
int,  in  consequence,  loses  purity  by  increase  of  thickness,  and  passes  through  a  livid  neutral  hue  to  red,  though 
is  not  always  the  case.  Examples :  muriate  of  chrome,  solution  of  sap-gpteen,  manganesiate  of  potash, 
line  infusion  of  the  petals  of  the  peonia  officinalis  and  many  other  red  flowers,  and  mixtures  of  red  and 
lue  or  green  media. 
Blue  media  admit  of  great  variety,  and  are  generally  dichromatic,  having  two  or  even  a  great  many  maxima 
'  minima  in  their  types ;  but  their  distinguishing  character  is  a  powei^ul  absorption  of  the  more  luminous 
rays  and  the  gpneen,  and  a  teeble  action  on  the  more  refrangible  part  of  the  spectrum.  Among  those  whose 
of  absorption  appears  to  increase  regularly  and  rapidly  from  the  violet  to  the  red  end  of  the  spectrum, 
'e  may  place  the  blue  solutions  of  copper.  The  best  example  is  the  magnificent  blue  liquid  formed  by  super- 
sulphate  of  copper  with  carbonate  of  ammonia.  The  extreme  violet  ray  seems  capable  of  passing 
rough  almost  any  thickness  of  this  medium ;  and  this  property,  joined  to  the  unalterable  nature  of  the  solution, 
the  facility  of  its  preparation,  render  it  of  great  value  in  optical  researches.  A  vessel,  or  tube,  of  some 
idles  in  length,  closed  at  two  ends  with  glass  plates,  and  filled  with  this  liquid,  is  the  best  resource  for  experi- 

its  on  the  violet  rays.     Ammonio-oxalate  of  nickel  transmits  the  blue  and  extreme  red^  but  stops  the  violet. 
Pmple  media  act  by  absorbing  the  middle  of  the  spectrum,  and  are  therefore  necessarily  always  dichromatic, 
of  them  having  red  and  others  violet  for  their  ultimate  or  terminal  tint.    Example:   solution  of  archil ; 
'^vple,  phmi-coloured,  and  crimson  glasses ;  acid  and  alkaline  solutions  of  cobalt,  &c.    They  may  be  termed  red- 
^maplt  and  violet-purple,  according  to  their  terminal  tint. 

In  combinations  of  media,  the  ray  finally  transmitted  is  the  residuum  of  the  action  of  each.     If  x,  y,  2  be 
faidices  of  transmissibility  of  a  g^ven  ray  C  in  the  spectrum  for  the  several  media,  and  r,  «,  t  their  thicknesses, 
transmitted  portion  of  this  ray  will  be  C  .  jr^  y'  2^ ;  and  the  residuum  of  a  beam  of  white  light  (supposing 
lost  by  reflexion  at  the  surfaces)  after  undergoing  the  absorptive  action  of  all  the  media,  will  be 

C.a?'-y«*+C',»''y'*«'*-h  &c. 
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>  c^rearion  which  shows  that  it  is  indifferent  in  what  order  the  media  are  placed.     They  may  therefore  be 
Kedy  unless  a  chemical  action  take  place.    Thus  also,  by  the  same  construction  as  that  by  which  the  type  I 
the  first  medium  is  derived  from  the  straight  line  representing  white  light,  may  another  type  2  be  derived  from 
^^ »   ^nd  90  on ;  and  thus  an  endless  variety  of  types  will  originate,  having  so  many  tints  corresponding  to  them. 

^lis  circumstance  enables  us  to  insulate,  in  a  state  of  considerable  homogeneity,  various  rays.     Thus,  by      003. 
^^^Jtibining  with  the  smalt-blue  glass,  already  mentioned,  any  brown  or  red  glass  of  tolerable  fulness  and  purity  Insulaiion 
^^^oolour,  a  combination  will  be  formed  absolutely  impermeable  to  any  but  the  extreme  red  ray,  and  the  f^^^hl^'^^- 
^^fi^ngibility  of  this  is  so  strictly  definite  as  to  allow  of  its  being  used  as  a  standard  ray  in  all  optical  inquiries,  g^^ous  red 
*^^llich  is  the  more  valuable,  as  the  coloured  glasses  by  which  it  is  insulated  are  the  most  common  of  any  which  nj. 
^^^cor  in  the  shops,  and  may  be  had  at  any  glazier's.     If  to  such  a  combination  a  green  glass  be  added,  a  total 
^^Uippage  of  all  light  takes  place.     The  same  kind  of  glass,  too,  enables  us  to  insulate  the  yellow  ray,  corres-  Insulation 
"ponding  to  the  maximum  Y  in  the  type  fig.  117,  by  combining  it  with  a  brown  glass  to  stop  out  the  more,  and  o'  the 
^  green  to  destroy  the  less,  refrangible  rays,  and  by  their  means  the  existence  of  a  considerable  breadth  of  ^  ^"^  "^ 
fellow  light,  evidently  not  depending  on  a  mixture,  or  mutual  encroachment  of  red  and  green,  may  be  exhibited 
in  the  solar  spectrum. 

It  has  been  found  by  Dr.  Brewster,  that  the  proportions  of  the  different  coloured  rays  absorbed  by  media  .  ,^^ . 
depend  on  their  temperature.     The  tints  of  bodies  generally  deepen  by  the  application  of  heat,  as  is  known  to  ^i^^^,^** 
>        all  who  are  fiuniliar  with  the  use  of  the  blow-pipe ;  thus  minium  and  red  oxide  of  mercury  deepen  in  their  hues  pow?  by 
hy  heat  till  they  become  almost  black,  but  recover  their  red  colours  on  cooling.     Dr.  Brewster  has,  however,  beat. 
produced  instances,  not  merely  among  artificial  glasses,  but  among  transparent  minerals,  where  a  transition  takes 
place  from  red  to  green  on  the  application  of  a  high  temperature ;   the  original  tint  being,  however,  restored  on 
cooling,  and  no  chemical  alteration  having  been  produced  in  the  medium. 

The  analysis  of  the  spectrum  by  coloured  media  presents  several  circumstances  worthy  of  remark.    First,  the       ^^5 
irregular  and  singular  distribution  in  the  dark  bands  which  cross  the  spectrum,  when  viewed  through   such 
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Light  media  bs  have  levenl  maxima  of  transmissioii,  obTiously  leads  us  to  refer  Fraunhofer's  Fixed  Unet,  and  Uia 
^•v^''  analogous  phenomena  to  be  noticed  in  the  light  from  other  sources,  to  the  same  cause,  whatever  it  may  be, 
which  determines  the  absorption  of  some  ray  in  preference  to  others.  It  is  no  impossible  supposition,  that  the 
deficient  rays  in  the  light  of  the  sun  and  stars  may  be  absorbed  in  passing  through  their  own  atmospheres,  or,  to 
approach  still  nearer  to  the  origin  of  the  light,  we  may  conceive  a  ray  stifled  in  the  very  act  of  emanation  fiom 
a  luminous  molecule  by  an  intense  absorbent  power  residing  in  the  molecule  itself;  or,  in  a  word,  the  same 
indisposition  in  the  molecules  of  an  absorbent  body  to  permit  the  propagation  of  any  particular  coloured  ray 
through,  or  near  them,  may  constitute  an  obstacle  in  limine  to  the  production  of  the  ray  from  them.  At  aU 
events,  the  phenomena  are  obviously  related,  though  we  may  not  yet  be  able  to  trace  the  particular  nature  of 
their  connection. 

506.  The  next  circumstance  to  be  observed  is,  that  when  examined  through  absorbent  media  all  idea  of  regular 
gradation  of  colour  from  one  end  to  the  other  of  the  spectrum  is  destroyed.    Rays  of  widely  difoent  lefiraagi- 
bility,  as  the  two  reds  noticed  in  Art.  497,  have  absolutely  the  same  colour,  and  cannot  be  distinguished.     Qa 
the  other  hand,  the  transition  from  pure  red  to  pure  yellow,  in  the  case  there  described,  is  quite  sudden,  and  the 
contrast  of  colours  most  striking,  while  the  dark  interval  which  separates  them,  by  properly  adjusting  the 
thickness  of  the  glass,  may  be  rendered  very  small  without  any  tinge  of  orange  becoming  perceptible, 
then,  we  may  ask,  is  become  of  the  orange ;  and  how  is  it,  that  its  place  is  partly  supplied  with  red  on  one 
and  yellow  on  the  other  ?  These  phenomena  certainly  lead  us  very  strongly  to  believe  that  the  analysis  of  wl 
light  by  the  prism  is  not  the  only  analysis  of  which  it  admits,  and  that  the  connection  between  the  refrangibUii; 
and  colour  of  a  ray  is  not  so  absolute  as  Newton  supposed.     Colour  is  a  sensation  excited  by  the  rays  of  V 
and  since  two  rays  of  different  refrangibilities  are  found  to  excite  absolutely  the  same  sensation  of  colour, 
is  no  primd  facie  absurdity  in  supposing  the  converse, — ^that  two  rays  capable  of  exciting  sensations  of 
colours  may  have  identical  indices  of  refraction.     It  is  evident,  that  if  this  be  the  case,  no  mere  change  ca 
direction  by  refractions  through  prisms,  &c.  could  ever  separate  them ;  but  should  they  be  differently  absorfaeSK*, 
by  a  medium  through  which  they  pass,  an  analysis  of  the  compound  ray  would  take  place  by  the  destoidion 
one  of  its  parts.    This  idea  has  been  advocated  by  Dr.  Brewster,  in  a  Paper  published  in  the 
PhUosophiccd  Tranmctions^  vol.  ix.,  and  the  same  consequence  appears  to  follow  from  other  experiments; 
lished  in  the  same  volume  of  that  collection.    According  to  this  doctrine,  the  spectrum  would  consist  of  at 
three  distinct  spectra  of  different  colours,  red,  yellow,  and  blue,  over-lapping  each   other,  and  each  haTing 
maximum  of  intensity  at  those  points  where  the  compound  spectrum  has  the  strongest  and  brightest  tint        ^j 
that  colour. 

507.  It  must  be  confessed,  however,  that  this  doctrine  is  not  without  its  objections ;  one  of  the  most  formidable      o/ 
Cases  of      which  may  be  drawn  from  the  curious  affection  of  vision  occasionally  (and  not  very  rarely)  met  with  in  ccrtaa^ai 
persoQs  who  individuals,  who  distinguish  only  two  colours,  which  (when  carefully  questioned  and  examined  by  presentin|^    ^o 
coloara  ^^^  ^^^iQ*  ^0^  ^^  ordinary  compound  colours  of  painters,  but  optical  tints  of  known  composition)  are  generaall  w 

found  to  be  yellow  and  blue.  We  have  examined  with  some  attention  a  very  eminent  opticicuiy  whose  eyes  (otr 
rather  eye,  having  lost  the  sight  of  one  by  an  accident)  have  this  curious  peculiarity,  and  have  satisfied  tmmfihriMi^ 
contrary  to  the  received  opinion,  that  all  the  prismatic  rays  have  the  power  of  exciting  and  affecting  them  wit^ 
the  sensation  of  light,  and  producing  distinct  vision,  so  that  the  defect  arises  from  no  insensibility  of  the  retiom 
to  rays  of  any  particular  refrangibUity,  nor  to  any  colouring  matter  in  the  humours  of  the  eye,  preventua^^ 
certain  rays  from  reaching  the  retina,  (as  has  been  ingeniously  supposed,)  but  from  a  defect  in  the  sensoriuazs, 
by  which  it  is  rendered  incapable  of  appreciating  exactly  those  differences  between  rays  on  which  theur  cdoL^u 
depends.  The  following  is  the  result  of  a  series  of  trials,  in  which  a  succession  of  optical  tints  produced 
polarized  light,  passing  through  an  inclined  plate  of  mica,  in  a  manner  hereafter  to  be  described,  was  sv~ 
to  his  judgment.  In  each  case,  two  uniformly  coloured  circular  spaces  placed  side  by  side,  and  having 
mentary  tints  (i.  e.  such  that  the  sum  of  their  light  shall  be  white)  were  presented,  and  the  result  of  his  judgiae^^at 
is  here  given  in  his  own  words 
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OoIo^UY  iccortJbg  to  the  judg^meat  of  tinordinvy  eye. 

Colours  ainam^d  by  the  uidi vidua!  in  question. 

Inclinnlion 
of  the 
ptale  of 

fuica  to  eye. 

Circle  to  the  left. 

Circle  to  the  right 

Circle  to  the  lea. 

Ciftle  to  the  right 

f»al«  green. 

Fde  pink. 

Both  alikef  no  more  colour 
*ky  out  of  window. 

in  them  Ihaa  in  the  cloudy 

o 
69.5 

Oirtv  white. 

Ditto,  both  alike. 

Both  darker  than  before,  but 

no  colour. 

85.0 

Floe  bright  pink. 

Fine  green,  a  little  vetoing 
on  bluish^ 

Very  pale  tinge  of  blue. 

Very  pale  tinge  of  blue. 

81.1 

^White. 

While. 

Yellow. 

Blue. 

76.3 

Tlie  limit  of 

pink  and  red. 

Both  mofe  coloured 

than  before. 

Richgrasagrcen. 

Elch  crimson. 

Yellow. 

Better,  but  neither 

Blue. 

full  colours. 

74.9 

Ddl  greeaiAh  blue. 

Pde  brick  red. 

Blue, 

Ndthor  10  rich 

Yellow. 

colours  as  the  last 

72.8 

Piifpb  (rather  pale) 

F^e  yollow. 

Blue. 

Coming  up  to  good  colours, 
than  a  gilt  pictare^frame. 

Yellow, 
the  yellow   a  better  colour 

7\J 

Pine  ptak. 

Fine  green. 

Yellow,  but  hu  got  a  good 
deal  of  blue  in  it. 

Blue,  but  has  a  good  deal  of 
yeilow  in  it 

69.7 

¥mt  yetlow; 

Purple.                                 I 

Good  ydlow* 

Better  colours  than 

Good  blue. 
any  yet  aeen. 
Blue,  but  has  a  good  deal  of 

68,2 

Tellowbh  greeiu 

Fine  cri[njM>a* 

Yellow,  but  baa  t  good  deal 

67.0 

of  blue. 

yellow. 

Coad  blue,  verging  to  in- 

Yellow,  verging  to  orange. 

Blue. 

Yellow, 

65.5 

dip,. 

Both  gay  colours,  paiticttlarlv 

the  yellow  to  the  right. 

B«dt  or  very  ruUdy  piok. 

Vary    pule    greenish   blue, 
almost  while.                       i 

Yellow. 

Blue. 

63,8 

1      fijch  yellow. 

Full  blue. 

Fine  bright  yellow. 

Pretty  good  blue. 

627 

"White.                               1 

Fiery  onnge* 

Has  very  bttle  colour. 

Yellow,  but  a  different  yd- 
loW|  it  is  a  blood- looliing 
yellow. 

White,  with  a  dasb  of  yel- 

612 

Dirk  purple. 

White, 

A  dim  blue,  wanti  light 

59.5 

low  and  blue. 

Dull  omnge  red. 

While. 

Yellow 

White,  with  blue  and  ytU 

59.0 

1    White. 

Dull  dirty  olive. 

While. 

Dark. 

571 

1    V^ry  dark  purple. 

While. 

Dark. 

White. 

55.0 

Part  IT. 


Instedd  of  presentitig-  the  colours  for  his  judgment,  he  was  now  d^isired  to  arrang^e  the  apparatus  so  as  to       506 
make  the  strongest  pos.'iihie  succession  of  contrasts  nf  colour  in  the  two  circles.     The  results  were    s  follow  : 


Colours  according 

to  the  judgincDt  of 

Colour*  as  nitmed  by  tim  individual 

Incliii.ition 

an  ofiiiii 

ary  eye. 

in  4ttestton, 

of  the 
pimte  of 

Circle  to  the  left.  ; 

Circle  to  the  right. 

Circle  to  the  left. 

Cirele  to  the  right 

mica  to  eye< 

Pale  ruddy  pink. 

Blue  green* 

Yellow. 

Blue. 

59,1° 

Blue  green. 

P*le  ruddy  pink. 

i         Blue. 

Yellow. 

65.3 

Yellow. 

Blue. 

'         Yellow. 

Blue. 

63.1 

White. 

Fiery  orange. 

Blue. 

Yellow, 

fij.l 

Pale  brick -red. 

While. 

Yellow. 

Blue. 

5y.3 

Indigo. 

Pale  yellow. 

Blue. 

Ydlow. 

.54  2 

Yellow. 

Indigo, 

Yellow, 

Bine. 

52.1 

h  appears  by  this,  ihttt  ihe  eyes  of  the  individual  in  question  are  only  capable  of  fully  appreciating-  blue  and 

-''ow  tints,  and  that  these  names  uniformly  correspond,  in  his  nomenclature,  lo  the  more  and  less  relrangihle 

Jys,  generally ;  all  which  belong-  to  the  former,  indifferently,  exciting^  a  sense  of  "  blueness/'  and  to  the  latter 

.     **  yellowness,**     I^lentioit  has  been  made  of  iitdividuals  seeing-  well  in  other  respects,  but  devoid  aItog;ether 

W  Uie  sense  of  colour,  distingtiishing  ditferent  lints  only  as  brighter  or  darker  one  than  another;  but  the  case 

p  probably,  one  of  extremely  rare  occurrence. 

[Slayer,  in  an  Essay  De  Affinilatv  Colorvm,  (Opera  inedita,  1775,)  regards  all  colours  as  arising  from  three 
r**nary  ones,  red»  ycl!ow,  and  hhie;  regarding-  white  as  a  neutral  mixture  of  rays  of  all  colours,  and  black  as  a 
*^re  negation  of  lig^ht.  According  to  this  idea,  were  we  acquainted  with  any  mode  of  mixing-  colours  in 
J*^ple  numerical  ratios,  a  scale  might  be  fbnned  to  which  any  proposed  colour  mig-ht  be  at  once  referred.  He 
j^Oposes  to  establish  such  a  scale  in  which  the  degrees  of  intensity  of  each  simple  colour  shall  be  represented 
^  the  natural  numbers  I,  2,  3.  ...  12  ;  1  denoting-  the  lowest  degree  of  it  capable  of  sensibly  atlecting  a  tint^ 
12  the  full  intensity  of  which  the  colour  is  capable,  or  the  total  amount  of  it  existing  in  while  light.  Thus 
^'*  denotes  a  full  red  of  the  brig^htest  and  purest  tint,  y '^  the  brightest  yellow,  and  6"^  the  brightest  blue.  To 
'^present  mixed  tints,  he  combines  the  symbols  of  the  separate  ingredients.  Thus  r^*  y*,  or,  inorc  conveniently. 
l2  r  -h  4  y,  represents  a  red  verging  strongly  to  orange,  such  as  that  of  a  coal  fire. 
The  scale  proposed  is  convenient  and  complete,  so  far  as  regards  what  he  calls  perfect  colours,  %vhich  arise 
om  white  light  by  the  mUractioti  of  one  or  more  proportions  of  its  elementary  rays;  but  a  very  slight  modifi- 
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calion  of  his  system  will  render  it  equally  applicable  to  all,  and  it  may  be  presented  as  follows*     Suppost  we   I 
fix  on  100  as  a  standard  intensity  of  each  primary  colour;  or  the  number  of  rays  of  that  colour  (all  supposed  ^ 
equally  effective)   which  fallini^  on  a  sheet  of  white  paper,  or  other  surface  perfectly  neutral,  (*.  e,  equally 
disposed  to  reflect  all   rays)  shall  produce  a  full  tint  of  that  particular  kind,  aud  let  us  denote  by  such  an 
expression  asjR  +  yY  +  sB,  the  tint  produced  by  the  incidence  of  j:  ouch  rays  of  primary  red,  y  sucb  n.] 
of  yellow,  and  s  such  rays  of  blue  on  the  same  surface  too;ether.     It  is  obvious  then,  that  the  different  numeric 
values  assigned  Lo  x,  y,  2,  from  I  to  100,  will  g^ive  dilferent  symbols  of  tints,  whose  number  will  be  100 
loo  X   100  =  1000000,  and  therefore  quite  sufficient  in  point  of  extent  to  embrace  all  the  variiHy  of 
the  eye  can  distin^ish.     The  number  of  lints  recognised  as  distinct  by  the  Roman  artists  in  Mosaic  is 
to  exceed  30,000 ;  but  if  we  suppose  ten  times  this  amount  to  occur  in  nature  (and  it  is  obvious  thai 
must  be  greatly  more  numerous  than  the  purposes  of  the  painter  admit)  we  are  still  much  within  the  limita 
our  scale.     It  only  remains  to  examine  how  far  the  tints  themselves  are  expressible  by  the  members  of  the 
proposed. 

And  first,  then,  of  whites,  greys,  and  neutral  tints.  Tlie  most  perfectly  neutral  lints,  which  are,  in  fad,  onlf 
greater  and  less  intensities  of  whiteness,  are  those  we  observe  in  the  clouds  in  an  ordinary  cloudy  day,  with 
occasional  gleams  of  sunshine.  From  the  most  sombre  shadows  to  the  snowy  whiteness  of  those  cumulus- 
shaped  clouds  on  which  the  sun  immediately  shines,  we  have  nothing  but  a  series  of  wliiles,  or  greys,  repre- 
sented by  such  combinations  as  R  +  Y  +  B,  2  RH-2  Y  +  2  B,  &c. ;  or  w  (E  -h  Y  -hB)  which,  for  brevity,  we  may 
represent  by  71 W.  To  be  satisfied  of  this  we  need  only  look  through  a  tube  blackened  on  the  inside  Lo  prevent 
surrounding  objects  influencing  our  judgments ;  and  any  small  portion  thus  iusulated  of  the  darkest  ctoudi 
will  appear  to  differ  in  no  respect  from  a  portion  similarly  insulated  of  a  sheet  of  white  paper  more  or  I«s 
shaded. 

The  various  intensities  of  pure  reds,  yellows,  and  blues  are  represented  hy  nR^n  Y»  and  n  B  respectifdj. 
They  are  rare  in  nature ;  but  blood,  fresh  gilding*  or  gamboge  moistened,  and  ultramarine  may  be  cited  « 
examples  of  them.  Scarlets  and  vivid  reds,  such  as  verniilion  and  minium,  are  not  free  from  a  mixture  of 
yellow,  and  even  of  blue;  for  all  the  primary  colours  are  greatly  increased  in  splendour  by  a  certain  miUure 
of  white,  and  whenever  any  primary  colour  is  peculiarly  glaring  and  vivid,  we  may  be  sure  thdt  it  is  in  some 
degree  diluted  with  white.     The  blue  of  the  sky  is  white,  with  a  v^ery  moderate  addition  of  blue. 

The  mixture  of  red  and  yellow  produces  all  the  shades  of  scarlet,  orange,  and  the  deeper  browns,  when  of 
feeble  intensity.  When  diluted  with  white,  we  have  lemon  colour,  straw  colour,  clay  colour,  and  all  the  bni^te 
browns ;   the  last-mentioned  tints  growing  duskier  and  dingier  as  the  coefficients  are  smaller. 

The  browns,  however,  are  essentially  sombre  tints,  and  produce  their  effects  chiefly  by  contrast  with  other 
brighter  hues  in  their  neighbourhood.  To  produce  a  brown,  the  painter  mixes  black  and  yellow,  or  black  and 
red,  (that  is,  such  impure  reds  a^  the  generality  of  red  pigments,)  or  all  three ;  his  object  is  to  stifle  lighl^ 
and  leave  only  a  residuum  of  colour*  There  is  a  brown  glass  very  common  in  modem  ornamental  windowi. 
If  examined  with  a  prjsm,  it  is  found  to  transmit  the  red,  orange,  and  yellow  rays  abundantly,  little  green,  lod 
DO  pure  blue.  The  small  quantity  of  blue,  then,  that  its  tint  does  involve,  must  be  that  which  enters  as  t 
component  part  of  its  green,  (in  this  view  of  the  composition  of  colours,)  and  its  characteristic  symbol  nay 
thus  be,  perhaps,  of  some  such  form  as  10  R  +  0  Y  +  1  B  ;  that  is  to  say,  (9  R  +  8  Y)  +  1  (R  -J-  Y  -f  B),  oran 
orange  of  the  character  9  R  +  8  Y  diluted  with  one  ray  of  white.  It  must  be  confessed,  however,  that  the 
composition  of  brown  tints  is  the  least  satisfactory  of  all  the  applications  of  Mayer^s  doctrine.  He  himself  bu 
passed  it  unnoticed. 

Combinations  of  red  and  blue,  and  their  dilutions  with  white,  form  all  the  varieties  of  crimson,  purple,  violet, 
rose  colour,  pink,  &c.  The  richer  purples  are  entirely  free  from  yellow.  The  prismatic  violet,  when  coropami 
with  the  indigo,  produces  a  sensible  impression  of  redness,  and  must  therefore  be  regarded  on  this  hypotheai 
m  consisting  of  a  mixture  of  blue  and  red  rays. 

Blue  and  yellow,  combined,  produce  greem  The  green  thus  arising  is  vivid  and  rich;  and,  when  propef 
proportions  of  the  elementary  colours  are  used,  no  way  to  be  distinguished  from  the  prismatic  green,  Nothbg 
can  be  mo»-e  striking,  and  even  surprising,  than  the  effect  of  mixing  together  a  blue  and  a  yellow  powder,  or 
of  covering  a  paper  with  blue  and  yellow  lines,  drawn  close  together,  and  alternating  with  each  other.  %t 
elementary  tints  totally  disappear,  and  cannot  even  be  recalled  by  the  imagination.  One  of  the  most  maiW 
facts  in  favour  of  the  idea  of  the  existence  of  three  primary  colours,  and  of  the  possibility  of  an  analyst  d 
white  light  distinct  from  that  afforded  by  tlie  prism,  is  to  see  the  prismatic  green  thus  completely  imitated  by 
a  mixture  of  adjacent  rays  totally  distinct  from  it,  both  in  refrangibility  and  colour. 

The  hypothesis  of  three  primary  colours^  of  which,  in  different  proportions,  all  the  colours  of  the  spectnira 
are  composed,  affords  an  easy  explanation  of  a  phenomenon  observed  by  Newton,  viz.  that  tints  no  way 
distinguishable  from  each  other  may  be  compounded  by  very  different  mixtures  of  the  seven  colours  into  whitb 
he  divided  it.     Thus  we  may  regard  white  light,  indifferently,  as  composed  of 

h  rays  of  pure  red  ^  R' 

c  -f-  d  rays  of  orange  (c  red  +  d  yellow)  =  O 

e  rays  of  pure  yellow  —  Y' 

f  ■¥  h  rays  of  green  (/yellow  +  A  blue)  =3  G' 

g  -f  i  rays  of  prismatic  blue  (g  yellow  +  i  blue)  s  B 

k  rays  of  indigo,  or  pure  blue  ^=  I' 

,  /  +  a  raya  of  violet  0  blue  +  a  red)  ^  V 


R  ^  ii  +  5  +  c  rays  of  pure  red 

Y  =  ££  +  e+/-Hg"  rays  of  pure  yellow  J- or  of  ■ 

B^A-{-t  +  it  +  ^  rays  of  pure  blue    J 
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^    aftd  any  tint  capable  of  being  represented  byar.R+y.Y  +  »B,  may  be  represented  equally  well  by  P*«*  II- 

profided  we  assume  m,  n,  p^  &c.,  such  as  to  satisiy  the  equations 

mb  +  nc-^-  taznx;        nd-^pe  +  qf+rgrsy;        qh  +  ri  +  tk  -h  tl^  z. 

From  what  has  been  said  we  shall  now  proceed  to  show,  that,  without  departing  from  Mayer's  doctrine,  any      518. 
Other  three  prismatic  rays  may  still  be  equally  assumed  as  fundamental  colours,  and  all  the  rest  compounded  ^^-  Young't 
Aom  than,  provided  we  attend  only  to  the  predominant  tint  resulting,  and  disregard  its  dilution  widi  white,  ^f^^^^^ 
For  instance.  Dr.  Toung  has  assumed  red,  green,  and  violet  as  his  fundamental  colours ;   and  states,  as  an  oth^rprimt- 
CBq>erimental  fact  in  support  of  this  doctrine,  that  the  perfect  sensations  of  yellow  and  blue  may  be  produced,  ry  cotours. 
tike  fimner  by  a  mixture  of  red  and  green,  and  the  latter  by  green  and  violet.  (^Lectures  on  Natural  PhUoscphy^ 
p.  439.)     Now,  if  we  mix  together  yellow  and  white  in  the  proportion  of  m  yellow  +  n  white,  the  compound 
will  produce  a  perfeet  sensation  of  yellow,  unless  m  be  small  compared  to  n ;   but,  assuming  white  to  be 
eoniposed  as  above,  this  compound  is  equivalent  to 

n  R  red  +  (m  +  n)  Y  yellow  -f  n  B  blue. 

On  the  other  hand,  if  we  mix  together  P  such  red  rays  (each  of  the  intensity  h)  and  Q  such  green  rays  (each 
consisting  of  yellow,  of  the  intensity /l  and  blue  of  the  intensity  A)  as  are  supposed  in  the  foregoing  article  to 
exist  in  the  spectrum,  we  have  a  compound  of 

P .  6 red  +  Q  ./yellow  +  Q  .  A  blue, 

and  these  will  be  identical  with  the  former,  if  we  take 

nR=P6;        (m  +  n)Y=Q/;        nBsQA. 

EEminadng  Q  firom  the  two  last  of  these,  we  get 

"       T  •    Y        ^ 

fiir  the  rdation  between  M  and  N.  Now  the  only  conditions  to  be  satisfied  are  that  M  shall  be  positive,  and 
not  much  less  than  N ;  and  it  is  evident  that  these  conditions  may  be  fulfilled  an  infinite  number  of  ways  by  a 
jHToper  assumption  of  the  ratio  of /to  A.  In  the  same  manner,  if  we  suppose  a  mixture  of  M  rajrs  primary 
bloc  =:  B  with  N  rays  of  white  (:=  R  +  T  -f  B)  to  be  equivalent  to  P  rays  of  prismatic  green  mixed  with  Q 
«f  violet,  we  get  the  equation 

Suppose,  for  example,  we  regard  white  Hght  as  consisting  of  20  rays  of  primary  red,  30  of  yellow,  and  50      519. 
of  blue,  and  the  several  prismatic  rays  to  consist  as  follows :  Namericml 

'iltutratioiu 
Red        8  rays  primary  red  ^  A. 

Orange  7 red  +  7  primary  yellow  s:  e  +  d. 

Yellow    8 yellow  =  e. 

Green    10 yellow  -f  10  primary  blue  ssf+h. 

Blue        6 yellow  -f  12  primary  blue  sz  g  +  L 

Indigo  12 blue  =:  k. 

Violet   16 blue  4-  5  primary  red  s=  /  +  a. 

Then  will  the  union  of  15  rays  of  such  red  with  30  of  such  green,  produce  a  compound  ray  containing 
15  X  8  =  120  of  primary  red,  30x  10  =  300  of  primary  yellow,  and  30  x  10  =  300  of  primary  blue;  which 
arc  the  same  as  exist  in  a  yellow,  consisting  of  6  rays  of  white  combined  with  4  of  primary  yellow.  In  like 
manner,  if  75  such  green  rays  be  combined  with  100  such  violet,  the  result  will  be  100  x  5  s  500  rays  of 
primary  red,  +  75  x  10  =  750  of  primary  yellow,  +  75  x  10  +  100  x  16  =  2350  of  primary  blue,  which 
together  compose  a  tint  identical  with  that  which  would  result  from  the  union  of  25  rays  of  white  with  22  of 
immary  blue ;  that  is  to  say,  a  fine  lively  blue.  The  numbers  assumed  above,  it  must  be  understood,  are 
merdy  taken  for  the  sake  of  illustration,  and  are  no  way  intended  to  represent  the  tnie  ratios  of  the  differently 
coloured  rays  in  the  spectrum. 

The  analogy  of  the  fixed  lines  in  the  solar  spectrum  might  lead  us  to  look  for  similar  phenomena  in  other 
sources  of  light.     Accordingly,  Praunhofer  has  found,  that  each  fixed  star  has  its  own  particular  system  of  dark  pt^  ^^^' 
and  bright  spaces  in  its  spectrum ;  but  the  most  curious  phenomena  are  those  presented  by  coloured  flames,  of  ^*o"ure4 
which  produce  spectra  (when  transmitted  through  a  colourless  prism)  hardly  less  capricious  than  those  afforded  I 
by  solar  light  transmitted  through  coloured  glasses.    Dr.  Brewster,  Mr.  Talbot,  and  others,  have  examined  these 
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phenomena  with  attention ;  but  the  subject  is  not  exhausted,  and  promises  a  wide  field  of  curious  reaeucii. 
The  following  facts  may  be  easily  verified :  ^ 

1.  Most  combustible  bodies  consisting  of  hydrogen  and  carbon,  as  tallow,  oil,  paper,  alcohol,  Ac.  when 
first  lighted  and  in  a  state  of  feeble  and  imperfect  combustion,  give  blue  flames.  These,  when  examined  by 
the  prism,  by  letting  them  shine  through  very  narrow  slits  parallel  to  its  edge,  as  described  in  Art  487,  all  give 
interrupted  spectra,  consisting,  for  the  most  part,  of  narrow  lines  of  very  definite  refrangibility,  either  separated 
by  broad  spaces  entirely  dark,  or  much  more  obscure  than  the  rest  The  more  prominent  rays  are,  a  very  narrow 
definite  yellow,  a  yellowish  green,  a  vivid  emerald  green,  a  faint  blue,  and  a  strong  and  copious  violet 

2.  In  certain  cases  when  the  combustion  is  violent,  as  in  the  case  of  an  oil  lamp  urged  by  a  blow-pIpe^ 
(according  to  Fraunhofer,)  or  in  the  upper  part  of  the  flame  of  a  spirit  lamp,  or  when  sulphur  is  thrown  into' 
a  white-hot  crucible,  a  very  large  quantity  of  a  definite  and  purely  homogeneous  yellow  light  is  produced ;  and 
in  the  latter  case  forms  nearly  Uie  whole  of  the  light.  Dr.  Brewster  has  also  found  the  same  yellow  light  to  bo 
produced  when  spirit  of  wine,  diluted  with  water  and  heated,  is  set  on  fire ;  and  has  proposed  this  as  a  mean* 
of  obtaining  a  supply  of  homogeneous  yellow  light  for  optical  experiments. 

3.  Most  saline  bodies  have  the  power  of  imparting  a  peculiar  colour  to  flames  in  which  they  are  preDent» 
either  in  a  solid  or  vaporous  state.  This  may  be  shown  in  a  manner  at  once  the  most  familiar  and  most  cA- 
cacious,  by  iHe  following  simple  process :  Take  a  piece  of  packthread,  or  a  cotton  thread,  which  (to  free  it  firom 
saline  particles  should  have  been  boiled  in  clean  water,)  and  having  wetted  it,  take  up  on  it  a  little  of  the  salt 
to  be  examined  in  fine  powder,  or  in  solution.  Then  dip  the  wetted  end  of  it  into  the  cup  of  a  burning  was 
candle,  and  apply  it  to  the  exterior  of  the  flame,  not  quite  in  contact  with  the  luminous  part,  but  so  as  to  be. 
immersed  in  the  cone  of  invisible  but  intensely-heated  air  which  envelopes  it  Immediately  an  irregular  sputr 
tering  combustion  of  the  wax  on  the  thread  will  take  place,  and  the  invisible  cone  of  heat  will  be  rendered 
luminous,  with  that  particular  coloured  light  which  characterises  the  saline  matter  employed. 

Thus  it  will  be  found  that,  in  general. 

Salts  of  soda  give  a  copious  and  purely  homogeneous  yellow. 

Salts  of  potash  give  a  beautifiil  pale  violet 

Salts  of  lime  give  a  brick  red,  in  whose  spectrum  a  yellow  and  a  bright  green  line  are  seen. 

Salts  of  strontia  give  a  magnificent  crimson.     If  analyzed  by  the  prism  two  definite  yellows  are  seen,  one 

of  which  trerges  stron^y  to  orange. 
Salts  of  magnesia  give  no  colour. 

Salts  of  lithia  give  a  red,  (on  the  authority  of  Dr.  Turner's  experiments  with  the  blow-pipe.) 
Salts  of  baryta  give  a  fine  pale  apple-green.    This  contrast  between  the  flames  of  baryta  and  strontia  is 

extremely  remarkable. 
Salts  of  copper  g^ve  a  superb  green,  or  blue  green. 
Salt  of  iron  (protoxide)  gave  white,  where  the  sulphate  was  used. 

Of  all  salts,  the  muriates  succeed  best,  from  their  volatility.  The  same  colours  are  exhibited  also  when  any  of 
the  salts  in  question  are  put  (in  powder)  into  the  wick  of  a  spirit  lamp.  If  common  salt  be  used,  Mr.  Talbot 
has  shown  that  the  light  of  the  flame  is  an  absolutely  homogeneous  yellow ;  and,  being  at  the  same  time  very 
copious,  this  property  afibrds  an  invaluable  resource  in  optical  experiments,  firom  the  great  ease  with  which  it 
is  obtained,  and  its  identity  at  all  times.  The  colours  thus  communicated  by  the  different  bases  to  flame,  affiml 
in  many  cases  a  ready  and  neat  way  of  detecting  extremely  minute  quantities  of  them ;  but  this  rather  bdongs 
to  Chemistry  than  to  our  present  subject  The  pure  earths,  when  violently  heated,  as  has  recently  been  prac- 
tised by  Lieutenant  Drummond,  by  directing  on  small  spheres  of  them  the  flames  of  several  spirit  lamps  luqged 
by  oxygen  gas,  yield  from  their  surfaces  lights  of  extraordinary  splendour,  which,  when  examined  by  prisiaatiit 
analysis,  are  found  to  possess  the  peculiar  definite  rays  in  excess,  which  characterise  the  tints  of  flames  coloured 
by  them ;  so  that  there  can  be  no  doubt  that  these  tints  arise  firom  the  molecules  of  the  colouring  matter  reduced, 
to  vapour,  and  held  in  a  state  of  violent  ig^tion. 
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light         It  18  the  7tli  and  8th  of  these  assumptions  only  which  render  the  course  pursued  by  a  luminous  moleeota^ 

under  the  influence  of  the  reflective  or  refractive  forces,  capable  of  beings  reduced  to  mathematical  calcillalioii  ; 

for  it  follows  immediately  from  the  8th,  that,  up  to  the  very  moment  when  such  a  molecule  arrives  in  {diysloil 

contact  with  the  surface  of  any  medium,  it  is  acted  on  by  no  sensible  force,  and  therefore  not  sensibly  deviled 

fix>m  its  rectilinear  path ;  and,  on  the  other  hand,  as  soon  as  it  has  penetrated  to  any  sensible  depth  within  1n0 

surfece,  or  among  the  molecules,  by  reason  of  the  7th  of  the  above  postulates,  it  must  be  equally  attracted  «tf 

repelled  by  them  in  all  directions,  and  therefore  will  continue  to  move  in  a  ri§^t  line«  as  if  under  the  inflii 

of  no  force.    It  is  only,  therefore,  within  that  insensible  distance  on  either  side  the  surface,  which  is  mett 

by  the  diameter  of  the  sphere  of  action  of  each  molecule,  that  the  whole  flexure  of  the  ray  takes  place.     Ito 

trajectory  then  may  be  regarded  as  a  kind  of  hyperbolic  curve,  in  which  the  right  lines  described  by  it,  prtfidMi 

and  subsequent  to  its  arrival  at  the  surface,  are  the  iq[finite  branches,  and  are  confounded  with  the  asympMrii^ 

and  the  curvilinear  portion  is  concentered  as  it  were  in  a  physical  point.    Now,  in  explaining  the  phenooMMf 

of  reflexion  and  refraction,  it  is  not  the  nature  of  this  curve  that  we  are  called  on  to  investigate.    IMi  #0 

depend  on  the  laws  of  corpuscula!r  action,  and  must  necessarily  be  of  great  complexity.    All  we  have  to  inqdU^ 

is  the  directum  the  ray  wiU  ultimately  take  afler  incidence,  and  the  final  change,  if  any,  in  its  velocity. 

b28.  Let  us,  then,  consider  the  motion  of  a  molecule  uiged  to  or  from  the  surfaice  of  a  medium  by  the  imjWl 

BlotioB  of  a  attractions  or  repulsions  of  all  its  particles  acting  according  to  any  conceivable  mathematical  law.     And,  mvfc 

I^^I^H*      it  is  evident,  that  supposing  the  surface  mathematically  smooth,  and  the  number  of  attractive  or  repulrffiji 

under  the     P^^^^^^  o£  which  it  consists,  infinite,  their  tptal  resultant  force  on  the  luminous  molecule  will  act  lit  « 

influeiice  iA  direction  perpendicular  to  the  surface ;  and  will  be  insensible  at  all  sensible  distances  from  the  surface,  profMey 

mny  forces,    the  elementary  forces  of  each  molecule  decrease  with  sufficiently  great  rapidity  as  the  distances  increase.    Tui 

condition  being  supposed,  let  x  and  y  be  the  coordinates  of  the  molecule  at  any  assigned  instant ;  the  plane  of 

the  X  and  y  being  supposed  to  coincide  with  that  of  its  trajectory,  out  of  which  plane  there  is  evidently  no  ftmr 

to  turn  it,  and  which  must  of  course  be  perpendicular  to  the  surface  of  the  medium  in  which  x  is  supposed 

to  lie :  y  then  will  be  the  perpendicular  distance  of  the  luminous  molecule  from  this  surflice,  and  Y  (flome 

function  of  y  decreasing  with  extreme  rapidity)  will  represent  the  force  urging  it  inwards,  or  towards  the  smfiMe 

when  the  molecule  is  without,  from  when  wiUiin  the  medium.    Therefore,  by  the  principles  of  Dynamics,  anp* 

posing  d  tto  denote  the  element  of  the  time,  we  shall  have  for  the  equations  of  Uie  motion 

/#«  »  d^  V 


dt*  '  dt^ 

and  hence,  multiplying  the  first  by  dx,  the  second  by  dy^  adding  and  integrating,  we  get 

dx^+  dy* 


2yYdy  =  . 


, ,   ^  J   -  *.  jr  —  constant 

dx^  +  dy* 
Now,  V  being  the  velocity  of  the  molecule,  we  have  »*  = ,  and  therefore  this  equation  beooi 


9*  s=  constant 


-2/\dy. 


It  is,  however,  only  with  the  terminal  velocity,  or  that  attained  by  the  light  after  undergoing  the  total  actum  d 
the  medium,  that  we  are  concerned,  and  therefore  if  we  put  V  for  its  primitive,  or  initial,  and  V  for  its  t< 
velocity,  we  shall  have,  by  extending  the  integral  from  the  value  of  y  at  the  commencement  of  the  ray's  i 
(^o)  to  its  value  at  the  end  (y^). 


V'«^  V»=  -  2f\dy.  (6) 


Since  y^  and  y^  are  supposed  infinite,  and  since  the  fimction  Y  decreases  by  hypothesis  with  such  rapidity  at  to 

become  absolutely  insensible  for  all  sensible  values  of  y,  it  is  clear  that  we  may  take  y^  =  -f  oo  for  the  fint 

limit  of  the  integral  in  all  cases.     With   regard    to  the  other,  we  have  now  to  distinguish  two   principal 

cases: 

529.  The  first  is  that  of  reflexion^  where  the  ray,  no  matter  whether  before  its  arrival  at  the  surface,  or  at  leedlil^ 

Cue  of  re*  it,  or  even  afler  passing  some  small  distance  into  the  medium,  is  turned  back  by  the  prevalence  of  the  repoliivli 

flezioik        force,  and  pursues  the  whole  of  its  course  afterwards  without  the  medium.     Now  in  this  case  if  we  resolve'Hii 

integpral  /Y  dy  into  its  elements,  these,  in  the  approach  of  the  molecule  to  the  surface,  may  be  represented ns 

follows, 

&c.  +  Y'x  -dy  +  Y"x  -dy-h  Y"^x  -dy+&c 

But  in  the  recess  of  the  molecule,  the  values  of  y  increase  again  by  the  same  steps  as  they  before  dimihuAiad 
and  become  identical  with  the  former  ones;  and  Y',  Y",  &c.,  the  values  of  Y  corresponding  to  the  successive 
values  of  y,  remain  therefore  the  same,  both  in  size  and  magnitude ;  the  corresponding  elements  of  the  intenal 
generated  during  the  recess  of  the  molecule  will  be  then  * 

&c.  +  Y'  X  +  <f  y  -f  Y"  X  +  dy  +  Y''^  X  +  rfy  +  &C. 
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^_^_  -.  -  ^ — A .    Such  is  Newton's  idea  of  the  refiracHve  power  of  a  medium  as  dificriiMr  fiom  its  v 

^^^^^^^  specific  gravity  .^  ^  -o 

refractive  index.     It  rests,  however,  on  a  purely  hypothetical  assumption,  that  of  the  similarity  of  form  of  the 
law  of  force  for  all  media,  respecting  which  we  can  be  said  to  know  nothing  whatever.     For  a  table  of  its  yaloes 
for  diflTerent  media,  see  the  Collection  of  Tables  at  the  end  of  this  Essay. 
536.  The  constancy  of  the  ratio  of  the  sines  of  incidence  and  refraction  has  here  been  derived  by  direct  tntegmtion 

Principle  of  of  the  fiindamental  equations.  There  is,  however,  another  mode  of  deducing  this  important  law,  mudi  man 
^^**\  ^^^  circuitous,  it  is  true,  in  this  simple  case,  but  which  offers  peculiar  advantages  in  the  more  complicated  ones  of 
^™F  oy  double  refracUon ;  and  which,  therefore  we  shall  here  explain,  to  familiarize  the  reader  beforehand  with  its 
principle  and  mode  of  application.  It  consists  in  the  employment  of  what  is  called,  in  Dynamics,  the  prindpU 
of  least  actiony  in  virtue  of  which  the  sum  of  each  element  of  the  trajectory  described  by  any  moving  molecule 
multiplied  by  the  velocity  of  its  description  (or  the  integral  fv  <f  «)  is  a  minimum  when  taken  between  any  two 
fixed  points  in  the  trajectory.  The  trajectory  described  by  any  luminous  molecule  may  be  reg^arded  as  consletiiig 
of  two  rectilineal  portions,  or  hyperbolic  branches,  confounded  with  their  asymptotes,  and  one  curvilinear  one 
concentrated  in  a  space  of  insensible  magnitude,  a  physical  point.  Within  this  point  the  whole  operation  of  the 
flexure  of  the  ray,  however  complicated,  is  performed ;  and  here  the  velocity  is  variable.  In  the  braaches  it  la 
uniform.  Suppose,  then,  A  and  B  to  be  any  two  fixed  points  in  these,  taken  as  points  of  departore  and  anivil 
of  a  ray,  and  let  C  be  the  point  in  the  surface  of  a  reflecting  or  refracting  medium  where  the  flexure  takes  place, 
and  suppose  A  C  =  S,  B  C  =  S^  and  let  <r  be  the  excessively  minute  curvilinear  portion  of  the  ray  at  C,  aad  » 
the  variable  velocity  with  which  it  is  described,  V  and  V  being  those  with  which  S  and  S^  are  described.  Then 
may  the  integral  fvd  b  be  resolved  into  the  three  portions  fVdS  4-/t?d<r+/V'dS'.  Of  these  the  seeond 
is  utterly  insensible,  by  reason  of  the  minuteness  of  <r,  and  the  other  two,  since  V  and  V  are  constant,  become 
merely  V .  S  +  V  .  S'. 
j37.  The  position  of  C,  then,  with  respect  to  A  and  B,  will  be  determined  by  the  condition  V .  S  +  V .  S'  ss  a 
minimum,  A  and  B  being  supposed  fixed,  and  C  any  how  variable  on  the  surface.  Now,  in  the  case  before  Q% 
V  the  velocity  of  the  light  before,  and  V  that  after  incidence,  are  both^  as  we  showed  in  Article  529  and  SW>, 
independent  of  the  direction  of  the  incident  and  reflected  or  refracted  ra}'8,  or  of  the  position  of  C ;  and, 
therefore,  are  to  be  considered  as  absolute  constants  in  this  problem  of  minima,  which  is  thus  reduced  t6  a 
simple  geometrical  question.  Given  A  and  B  to  find  C,  a  point  in  a  given  plane,  such  that  V  (==  constant)  x 
A  C  +  V  (=:  constant)  x  B  C  shall  be  a  minimum.  Nothing  is  easier  than  the  solution.  Put  a,  6,  e,  a\  b\  ^ 
for  the  respective  coordinates  of  A  and  B,  and  x,  y,  o  for  that  of  C,  taking  the  given  plane  for  that  of  the  «,  y. 

Solution  of   Then  

IrLr'"*'  V .  S  -h  V .  S' .  =  V  .  '/(j?  -  a)«  +  (y  -  6)«  +  c«  +  V .  V(x'^a!yh  (y  .^  bV  +  c^ 

blem  of  the  j         •    j  j  /• 

minimum     is  to  be  B  mmimum  by  the  variation  of  a?  and  y,  independent  of  each  other.    This  gives,  by  diflerentiation. 


S 


-^(a-  or)  dj?  +  (6  -  y)  dyj-  +  -gp  {(«'  -^)dx-^  (6'  -  y)  dy\  =  0; 


and  this,  since  x  and  y  are  independent,  must  vanish,  whatever  values  are  assigned  to  dx  and  cf  y,  therefore  y 
must  have  separately 

These  give,  respectively, 

Jl  -  -  Yl    ±rJL .         -^  -  «.  «^     6^~y 

S    "        "V     •     a  -J?    '  S     "         W     '     b  -  y    ' 

by  equating  which  we  get 


or  multiplying  out  and  reducing 
and,  consequently. 


(a'-a:)(6-y)=(V^y)(a-T); 
6-6'     .     ab'-'ba' 


y  =  X 


'   a  ^  of 


This  equation  expresses,  that  the  two  portions  S  and  S^  of  the  ray  before  and  a(>er  incidence  on  the  surftce  ^ 
C  both  lie  in  one  plane,  and  that  this  plane  is  perpendicular  to  the  surface,  or  to  the  plane  of  the  cooid2> 
nates  x,  y. 
538  Again,  if  we  resume  the  equations  (d)  and  putting  them  under  the  form 

Constancy  yf  Y'/ 

of  the  ntio  6'(fl-x)  =  -._-S(a'-x);  S' (6  -  y)  =  - -_  (6^  y)  .  s. 

of  thesiucs  Y  Y      >  jr/ 

deduced.       g^^j^  ^^  ^^  ^^^  ^^  ^ 
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Ltglit  now  being  all  equal  to  what  they  were  before,  but  acting  in  a  contrary  direction  with  reject  to  the  nnotion  of 
^""^N^'^^  the  molecule,  it  will  describe  a  portion  Cd'  (f  b'  a'  B  similar,  and  equal  to  the  portion  on  the  other  side  of  C. 
This  is  the  case  of  reflexion.  But  suppose,  as  in  fig.  120,  the  ray  to  have  such  an  initial  velocity  of  appnmch, 
or  the  repulsive  forces  to  be  so  feeble,  compared  to  Uie  attractive,  that  before  its  whole  velocity  perptndiciiiar  to 
the  sur&ce  is  destroyed,  it  shall  have  passed  through  all  the  strata  of  attraction  and  repulsion,  and  entared 
the  region  where  the  forces  of  all  the  molecules  are  in  equilibrium,  as  at  e.  In  this  case  the  remainder  of* .Ms 
course  will  be  rectilinear,  and  wholly  within  the  medium.  This  is  the  case  of  refraction.  In  both  cases,  ii  is 
the  final  course  it  takes,  or  the  direction  of  the  asymptotic  branches  a'  B  or  e  B,  about  which  only  we  have  any 
knowledge ;  of  the  number  and  nature  of  the  undulations  of  its  course  between  a  and  a'*  or  e,  we  kiuiw 
nothing. 

542.  The  whole  of  this  reasoning  applies  equally  to  the  motion  of  a  luminous  molecule  at  the  confines  •f  tpo 
Mr>tion  of  a  media,  as  at  the  surface  separating  one  medium  from  a  vacuum.  The  molecules  of  either  medium  bein^  SHp- 
ray  at  com-  pQs^d  uniformly  distributed^  and  acting  equally  in  aU  directions  around  them^  the  resultant  of  all  their  fiwets 
(TAwo*  ^^^  ^"  ^^^  luminous  particle  must  be  perpendicular  to  the  common  surface,  which  is  all  that  is  required  in  the 
media.         foregoing  theory. 

543.  In  the  Corpuscular  doctrine,  a  ray  of  light  is  understood  to  mean  a  continued  succession  or  stream  of.  ^molS" 
Newtonian  cules,  all  moving  with  the  same  velocity  along  one  right  line,  and  following  each  other  close  enough  to  keepihe 
idea  of  a  retina  in  a  constant  state  of  stimulus,  i.  e.  so  fast,  that  before  the  impression  produced  by  one  can  have  tiHMjo 
M'irompoMd  ^^^1^®  another  shall  arrive.  It  appears,  by  experiment,  that  to  produce  a  continued  sensation  of  light,  it£:ls 
of  a  succes-  Sufficient  to  repeat  a  momentary  flash  about  8  or  10  times  in  a  second.     If  a  red-hot  coal  on  the  poinl  oC:e 

burning  stick  be  whirled  round,  so  as  to  describe  a  circle,  and  the  velocity  of  rotation  be  greater  than  8  or  10 
circumferences  per  second,  the  eye  can  no  longer  distinguish  the  place  of  the  luminous  point  at  any  instanU  «^ 
the  whole  circle  appears  equally  bright  and  entire.  This  shows,  evidently,  that  the  sensation  excited  by  the  Uglit 
falling  on  any  one  point  of  the  retina,  must  remain  almost  without  diminution  till  the  impression  is  repeated 
during  the  subsequent  revolution  of  the  luminary.  Now,  if  uninterrupted  vision  can  be  produced  by  moBMP- 
tary  impressions,  repeated  at  intervals  so  distant  as  a  tenth  of  a  second,  it  is  easy  to  conceive  that  the  indifi- 
dual  molecules  of  light  in  a  ray  will  not  require  to  follow  close  on  each  other  to  affect  our  organs  wilh-a 
continued  sense  of  light.  As  their  velocity  is  nearly  200,000  miles  per  second,  if  they  follow  ^M^h  otheiwat 
intervals  of  1000  miles  apart,  200  of  them  would  still  reach  our  retina  per  second,  in  every  ray.  This  coimmIb- 
ration  frees  us  from  all  difficulties  on  the  score  of  their  jostling,  or  disturbing  each  other  in  space,  and  allows  of 
infinite  rays  crossing  at  once  through  the  same  point  of  space  without  at  all  interfering  with  each  oihcv,  eape* 
cialiy  when  we  consider  the  minuteness  which  must  be  attributed  to  them,  that  (moving  with  such  swijiacsi) 
they  should  not  injure  our  organs.  If  a  molecule  of  light  weighed  but  a  single  grain,  its  inertia  wouU  eqtoal 
that  of  a  cannon  ball  of  upwards  of  150  pounds  weight,  moving  at  the  rate  of  1000  feet  per  second,  l^st 
then  must  be  their  tenuity,  when  the  concentration  of  millions  upon  millions  of  them,  by  lenses  or  miffror%  hM 
never  been  found  to  produce  the  slightest  mechanical  effect  on  the  most  delicately  contrived  mechaaisoflt  in 
experiments  made  expressly  to  detect  it  (See  Mr.  Bennet's  Experiments,  Phil  Trans,  1792,  vol.  Ixxxii.  p.  87.) 
When  a  ray  of  light  falls  on  a  reflecting  or  refracting  surface,  since  all  its  molecules  move  with  equal  velocity 
and  are  incident  in  the  same  line,  it  would  seem  that  whatever  took  place  with  one  should  equally,  happeaii  to 
all ;  and  that,  if  the  first  underwent  reflexion,  all  should  do  so ;  while,  on  the  other  hand,  if  one  could  penetrate 
the  surface,  and  pursue  its  course  entirely  within  the  medium,  all  ought  to  do  the  same.  This,  however,  4s 
contrary  to  experience ;  as  whenever  a  ray  of  light  is  incident  on  the  exterior  surface  of  any  medium,  •  a  part 
only  is  reflected,  and  the  rest  enters  the  medium.  No  theory  can  be  satisfactory  which  does  not  render  a  good 
account  of  so  principal  a  fact.  The  Newtonian  doctrine  accounts  for  it  by  the  fits  of  easy  reflexion  andtmos- 
mission.  To  understand  this  explanation  we  mutt  recur  to  the  ninth  postulate,  (Art.  526,)  and  suppose  two 
molecules  to  arrive  at  the  surface  under  the  same  incidence,  the  one  in  a  fit  of  easy  reflexion,  the  other  Uk  one 
of  easy  transmission.  The  former  will  then  be  more  affected  by  the  repulsive  forces,  the  latter  by  the  attraOtiife 
of  the  molecules  of  the  medium ;  and  hence  it  is  evident,  that  the  one  may  be  reflected  under  circumslaaces  of 
incidence,  &c.  in  which  the  other  will  penetrate  the  surface  and  be  refracted.  Now  it  will  depend  ^o(iff)y>i9ii 
the  nature  of  the  medium,  and  the  initial  velocity  of  a  luminous  molecule  towards  it,  (which  is  as  the'eOWIt  <if 
the  angle  of  incidence,)  whether  it  will  require  the  whole  exertion  of  its  repulsive  forces,  in  their  most  lejmigiiic 
manner,  to  destroy  that  velocity  and  produce  reflexion,  or  only  a  part  of  them.  In  the  former  case  QalpiWeh 
molecules  as  arrive  in  the  most  favourable  disposition  to  be  reflected,  or  in  the  most  intense  phase  otikmisl 
easy  reflexion,  can  be  reflected.  In  the  latter,  such  as  arrive  in  less  fevourable  dispositions,  or  in  lam  ittS^H^ 
phases  of  fits  of  reflexion,  may  be  reflected ;  and  if  the  repulsive  forces  of  the  medium  be  very  inlesMkt  fn 
comparison  with  the  attractive  ones,  or  if  the  obliquity  of  incidence  be  so  great  as  to  give  the  molecwjle  a,:iMry 
small  veloc^y  perpendicular  to  the  surface^  even  those  molecules  which  arrive  in  the  less  energetic  phsoes  of  Cts 
of  easy  transmission  may  still  be  unable  to  penetrate  the  strata  of  repulsion.  .,  iv.-,T 

Hence,  then,  we  see  that  the  proportion  of  the  molecules  of  a  ray  falling  on  the  surface  of  a  mediuBI  kl'iveiy 
possible  state  or  phase  of  their  fits,  which  undergo  reflexion,  will  depend,  first,  on  the  nature  of  the  •^nKllil  ITT 
whose  surface  they  fallj  or  if  it  be  the  common  surface  of  two,  then  on  both ;  secondly,  on  the  angle  of  *wHfmf 
At  gr^t  obliquities,  the  reflexion  will  be  more  copious ;  but  even  at  the  greatest,  when  the  incident  vay  jnst 
grazes  the  sur&c^  it  by  no  means  follows  that  every  molecule,  or  even  the  greater  part,,  must  be  reflectefL  vSSiRse 
.which  arrive  in  the  most  fiivourable  phases  of  their  fits  of  transmission,  will  obey  the  influence  of  ^smett  aClne- 
^l^irft\(iP!rooii  ipfureiiBrencj9  to  strong  repi^lsive  ones;  -but  it  will  depen4  entirely  on  the  natureiaf4)i0inifl^  ^AmUf 
ihe  former  or  the  latter  shall  prevail,  the  fits  in  the  Newtonian  doctrine  being  conceivfd  only  to  dispo$emt 
^9^niimM^ttitAitctMi^Mtrcirmk^^  to  refletion  or  titasitotsitotf ;  to  eiaHlMIUrtHU^Mfch 


»ion  of 
molecules. 


Their 
distance 
inter  te. 


TWir  ez« 
treme 
tenuity  il- 
lustrated. 


544. 
Pirltalrt* 

pUioedoB 
.>iewtoii*t 
pitsciplet. 


545. 

Reflezioii 


pumsat 
(freat  obli- 
quities. 


L  I  G  H  T. 


441) 


1  lend  to  produce  the  one  and  to  depress  those  which  act  in  favour  of  the  other,  but  not  to  determine,  absioUitely,    Ptrt  I J  I. 
\  its  reflexion  or  transmission  under  all  circumstances.  """^  T"*^ 

I      These  conclusions  are  verified  by  experience.     It  is  observed,  that  the  reflexion  from  the  surfaces  of  transparent      ^j^^ 
I  (at  indeed  any)  media,  becomes  sensibly  more  copious  as  the  ang;lc  of  incidence  increases  ;  but  at  the  extvmal  ponfirmi'd 
rsttrface  of  a  single  medium  is  never  total,  or  nearly  total.     In  iz^lass,  fur  instance,  even  at  extreme  obliquities,  a  ^^^tlx^^^^ 
rvcry  hirg^  portion  of  the  ligfht  %\X\\  enters  the  g-lass  and  under^ji^oes  refraction.     In  opaque  media,  such  as  polished 
»  metals^  the  same  holds  p^ood  ;   ihe  reflexion  increases  in  vividness  as  the  incidence  increases,  but  never  becomes 
total,  or  nearly  so.   The  only  difference  is,  that  here  the  portion  which  penetrates  the  surface  is  instantly  absorbed 
^  and  stifled. 

The  phenomena  which  take  place  when  light  is  reflected  at  the  common  surface  of  two  media,  are  such  as  from       &47. 
ihe  above  theory  we  mig;ht  be  led  io  expect^ — with  the  addition,  however,  of  some  circumstances  which  lead  us  to  H«flcxi<»n 
bmit  the  g^enerality  of  our  assumptions*  and  tend  to  establish  a  relation  between  the  attractive   and  repulsive  ^i^.f^ce'ui'* 
forces,  to  which  the  refraction  and  reflexion  of  light  are  supposed  to  be  owinfr*     For  it  is  found,  that  when  two  ^^^  mtdia. 
media  are  placed  in  perfect  contact,  (such  as  that  of  a  fluid  with  a  solid,  or  of  two  fluids  with  one  another,)  the 
intensity  of  reflexion  at  their  common  surface  is  always  less^  the  nearer  the  refractive  indices  of  the  media  approach 
to  equality;  and  when  they  are  exactly  equal,  reflexion  ceases  altogether,  and  the  ray  pursues  its  course  in  the 
^ieoond  medium^   unchang-ed  either  in  direction,  velocity*  or  intensity.     It  is  evident,  from   this  fact,  which  is 
P  general,  that  the  reflective  or  refractive  forces,  in  all  media  of  equal  refractive  densities,  follow  exactly  tlie  same 
•law^s,  and  are  similarly  related  to  oue  another ;   and  that  in  media  unequally  refractive,  the  relation  between  the 
reflecting^  and  refr^ictinjr  forces  is  not  arbitrarj,  but  that  the  one  is  dependent  on  the  other,  and  increases  and 
^diminishes  with  it.     This  remarkable  circumstance  renders  the  supposition  made  in  Art.  535,  of  the  identity  of 
ifbfni  of  the  function  Y,  or  0  (y)  expressing  the  law  of  action  of  the  molecules  of  all  bodies  on  light  indif- 
|livenlly,  less  improbable. 

To  show  experimentally  the  phenomena  in  question,  lake  a  ji^lass  prism,  or  thin  wedp^e  of  very  small  refracting       549. 
^  Angle  (half  a  degree,  for  instance:  almost  any  frag-mentofplatep^lass, indeed,  will  do,  as  it  is  seldom  the  two  sides  Phcuomtra 
1  are  parallel,)  and  placinj^r  it  conveniently  with  the  eye  close  to  it,  view  the  image  of  a  candle  reflected  from  the  exbibnied 
I  exterior  of  the  face  next  the  eye.     This  will  be  seen  accompanied  at  a  little  distance  by  another  image,  reflected  «^P'^''""^*"'*" 
Mnternally  from  the  other  face,  and  the  two  images  will  be  nearly  of  equal  brightness,  if  the  incidence  be  not   *  "' 
'Very  great.     Now,  apply  a  little  water,  or  a  wet  finger,  or,  stdl  better,  any  black  substance  wetted,  to  the  pos- 
•tenor  face,  at  the  spot  where  the  interna!  reflexion  takes  place,  and  the  second  image  ivill  immediately  lose  great 
part  of  its  brightness.     If  olive  oil  be  applied  instead  of  w^ater,  the  defalcation  of  light  will  be  much  greater; 
and  if  the  substance  applied  be  pitch,  softened  by  heat,  so  as  to  make  it  adhere,  the  second  image  will  be  totally 
obliterated.     On  the  other  hand,  if  we  apply  substances  of  a  higher  refractive  power  than  gla,ss,  the  second  image 
a^in  appears.    Thus,  with  01  (  of  cassia  it  is  considerably  bright ;  with  sulphur,  it  cannot  be  distinguished  from 

►  that  reflected  at  the  first  surface;  and  if  we  apply  mercury,  or  amalgam,  (as  in  a  silvered  looking-glass,)  the 
IrelleiLioii   at  the  common  surface  of  the  glass  and  metal  is  much  more  vivid  than  that  reflected  from  the  glass 

alone. 

The  destruction  of  reflexion  at  the  common  surface  of  two  media  of  equal  refractive  powers  explains  many      ^^^- 
COfftOfift  phenomena.     If  we  immerse  an  irregular  fragment  of  a  colourless  transparent  body  (as  crown  glass)  in  J  ^"^*!^* 
ift  Udloifliess  fluid  of  precisely  equal  refractive  power,  it  disappears  altogether.     In  fact,  the  surface  being  only  on  the  ^^ 
visible  by  the  rays  reflected  from  it ;  destroy  this  reflexion,  and  the  object  must  cease  to  be  seen,  unless  from  any  foregoinjr 
opacity  in  its  substance  reflecting  raj^s  from  its  interior,  which  is  not  here  contemplated-     Hence,  if  the  powder  principle. 
of  anv  such  substance  be  moistened  with  a  fluid  of  the  same  refractive  density,  all  the  internal   and  external 
J  reflexions  at  the  surfaces  of  the  small  tragroents  of  which  it  consists,  which,  blended  and  confused,  present  the 
\  general  appearance  of  a  white  opaque  mass,  will  be  destroyed,  and  the  powder  will  be  rendered  perfectly  trans-  Trwupa- 
)  parent.     A  familiar  instance  of  this  nature  is  the  transparency  given  to  paper  by  moistening  it  with  water,  or,  rency  of 
'  still  belter,  with  oil  ;  paper  is  composed  of  an  infinity  of  minute  transparent,  or  nearly  transparent  fibres  of  a  oile<l  P^P*' 
f  ligneous  substance,  having  a  refractive  power  probably  not  very  diflerent  from  some  of  the  more  refracfive  oils. 
[  Its  whiteness  is  caused  by  the  confused  reflexion  of  the  incident  rays  at  all  possible  angles,  both  internally  and 
(externally,  those  which  have  escaped  reflexion  at  one  fibre,  undergoing  it  among  those  beneath.     If  moistened 

►  with  any  liquid,  the  intensity  of  these  reflexions  is  weakened,  and  the  more  the  more  nearly  its  refractive  power 
I  approaches  to  that  of  the  paper  itself;  so  that  a  considerable  number  of  rays  fiiwl  their  way  through  it^  and 
I  <5merge  at  the  posterior  surface.  The  transparency  acquired  by  the  hydrophane,  by  immersion  in  water,  is,  no 
^dotibt,  owing  to  this  cause;  the  water  filling  up  the  minute  pores,  and  enfeebling  the  internal  reflexion;  and 
I' Dr.  Brewster,  in  a  very  curious  and  interesting  Paper  on  the  taba sheer,  (a  siliceous  concretion  found  in  sugar- 
IT  canes,  and  the  lowest  in  the  scale  of  refracting  powers  among  solids,)  has  explained  on  this  principle  a  number 

►  of  extraordinary  phenomena  exhibited  on  moistening  that  substance  with  various  liquids,  (see  PhihaophiceU 
TramaHiom,  1819  ) 

It     The  reasoning  of  Art.  &29  applies,  it  is  evident,  equally  to  the  case  when  a  ray  is  reflected  from  the  intenor      hhiK 
Kturfaceof  a  dense  medium  placed  in  air,  and  when  from  the  exterior.     The  only  ditference  is,  that  in  the  latter  J"^*^ 
I  case  th^  reflexion  is  performed  by  the  action  of  repulsive,  and  in  the  former  by  that  of  attractive  forces.     The  '"^*'""f' 
^course  of  a  ray  internally  reflected  may  be  conceived,  as  in  fig.  121  and  122  ;  and  the  reflexion  may  take  place 
MH'ony  of  the  ottraclive  regions,  or  luminje,  whether  within  or  without  the  true  surface,  i.  e.  the  last  Iftyer  of 
\  molecules  which  cortstitute  the  medium.     There  is  one  case  of  internal  reflexion,  however,  too  remarkable  to  be 
^|ilead^  Without  more  particular  notice.     It  is,  that  when  the  interior  angle  of  incidence  exceeds  the  limiting 

t   1.      -     .     -     .r       ...       ,,    ,  ;.|..   ,     ,,, 

dtongfe  wliaf«»  /Bine  i»— ,  (tiee  Art*  183  d  i«g* ;)  and  wlieti«  aa  we  there  fit&ted^  as  %  ttmii  of  ftitperim«BW  (^e 
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Light,  interaal  reflexion  is  total.  To  see  how  this  happens,  let  us  consider  a  ray  incident  exactly  at  this  angle/ and 
>-— \--^  in  the  most  intense  phase  of  its  fit  of  transmission.  Then  will  it  be  refracted  ;  and,  since  the  angle  of  refraction  ^ 
must  be  just  90°,  (by  reason  of  the  generality  of  the  demonstration  of  the  law  of  refraction  in  Art.  529,)  it 
will  emerge,  grazing  the  surface,  exactly  at  the  extreme  boundary  of  the  outermost  region  C  B,  (ttg.  123,)  where 
all  sensible  action  ceases.  Its  initial  velocity  under  these  circumstances  in  the  direction  perpendicularly  to  tlie 
surface,  is  barely  sufficient  to  carry  it  up  to  this  extreme  limit,  where  it  is  quite  annihilated.  If,  then,  we 
eonceive  another  ray,  also  incident  in  the  most  intense  phase  of  its  fit  of  transmission,  but  at  an  angle  more 
oblique  by  an  infinitely  small  quantity,  then,  since  its  initial  velocity  at  right  angles  to  the  surfiice  is  less^  it  will 
be  destroyed  before  it  has  quite  reached  this  limit,  and  the  ray  will  therefore  begin  to  move  parallel  to  tiie 
surface,  just  within  the  last  limit  to  the  sphere  of  its  action. 
551.  Now  the  last  action  whidi  the  surface  exerts,  or  that  force  which  extends  to  the  greatest  distance  from  it. 

The  outer-   cannot  be  otherwise  than  attractive ;  for,  first,  were  it  repulsive,  it  is  evident  that  no  ray  incident  externally  ai 
most  sphere  ^^  extreme  incidence,  (i.  e.  approaching  indefinitely  to  90°,)  could  by  possibility  escape  reflexion ;  and,  seconcll7» 
necesswily    °^  ^^J  ®"  ^**'  supposition  could  emerge  from  within  the  medium,  without  having  at  its  emergence  an  obliqoitf 
attractive,     to  the  surface  greater  than  some  finite  angle,  the  last  action  of  the  medium  being  in  this  case  to  bend  it  oniwardif 
both  which  consequences  are  contrary  to  fact.     Or  we  may  consider  the  point  thus.  Since  a  ray  incident  within^ 
at  the  limiting  angle,  emerges,  if  it  emerge  at  all,  parallel  to  the  surface ;    and  since  every  point  in  the  curfie 
described  by  it  previous  to  the  instant  of  emergence  is  nearer  to  the  medium  than  the  line  of  its  ultinttte 
direction,  it  is  geometrically  impossible  that  the  curvature  immediately  adjacent  to  the  point  of  emergence  ahovU 
be  otherwise  than  concave  towards  the  medium  ;  and  must,  therefore,  of  necessity  be  produced  by  a  force  directed 
to  it,  i.  e.  an  attractive  one. 
^^2-  Hence,  the  luminous  molecule  we  have  been  considering,  will  be  within  the  attractive  region  at  the  memenC 

when  its  perpendicular  motion  is  destroyed ;  it  will,  therefore,  be  turned  inwards,  as  at  the  dotted  line  figw 
123,  and  be  reflected.  A  fortiori,  therefore,  wiii  every  molecule  incident  in  a  less  intense  phase  of  a  fit 
of  transmission,  or  in  one  of  reflexion,  as  well  as  every  one  incident  at  a  more  oblique  incidence,  i.  e.  with 
a  less  initial  perpendicular  velocity,  be  reflected.  Those  in  which  the  circumstances  are  most  favourable  to 
transmission  will  reach  the  exterior  attractive  region,  as  in  fig.  123.  Others  in  which  they  are  less  so  will  be 
reflected  in  some  intermediate  region,  as  in  fig.  122,  while  those  which  are  incident  at  extreme  internal  obli- 
quities, or  in  the  most  intense  phases  of  fits  of  reflexion,  will  have  their  courses  as  represented  in  fig.  121. 

553.  Xhe  conclusion  at  which  we  have  arrived  in  the  last  Art.  that  the  attractive  force  of  a  medium  on  the  molecnlea 
Fact  re-  ^f  j|^^  extends  to  a  greater  distance  than  the  repulsive,  is,  as  we  have  seen,  a  necessary  consequence  of  dyiM^ 
nquereflL-  mical  principles  ;  and  so  far  from  being  in  opposition  to  Newton's  doctrine  of  reflexion,  as  has  been  said,  is  in 
ion  from  perfect  accordance  with  it.  Dr.  Brewster  has  been  led  to  the  same  conclusion  by  peculiar  consideratkm 
water.         grounded  on  his  experiments  on  the  law  of  polarization,  (^Phil.  Trans.,  1815,  p.  133,)  and  has  applied  it  lo 

explain  a  curious  fact  noticed  by  Bouguer,  viz.  that  althou^^  water  be  much  less  reflective  than  glass  at  amall 
incidences,  yet  at  great  ones  (as  87^i^)  it  is  much  more  so.  Now,  supposing  the  light  to  have  undergone  lie 
whole  effect  of  the  refracting  forces,  in  both  cases  before  it  suffers  reflexion,  its  incidence,  when  it  reaches  the. 
region  of  the  repulsive  forces,  will  have  been  diminished  in  the  case  of  glass,  to  57°  44',  but  in  that  of  water 
only  to  61°  h\  and  tlterefore  being  incident  more  obliquely  on  the  water  it  ought  to  be  more  copiously  reflected. 
Whatever  we  may  think  of  the  validity  of  this  explanation,  it  is  certainly  ingenious,  and  the  fact  extremdy 
remarkable,  and  deserving  of  all  attention. 

554.  To  see  the  phenomena  of  total  reflexion  to  the  best  advantage,  lay  down  a  right-angled  glass  prism  on  a 
Kxperiment  black  substance  close  to  a  window,  with  its  base  horizontal,  as  in  fig.  124,  and  apply  the  eye  close  to  the  side. 
showing  the  looking  downwards.  The  base  will  be  seen  divided  into  two  portions,  by  a  beautiful  coloured  arch  like  a 
of  ^toul^"^  rainbow  concave  to  the  eye,  the  portion  above  the  arch  being  extremely  brilliant  and  vivid,  and  giving  a  reflexion 
reflesion.     ^^  ^^  external  objects  no  way  to  be  distinguished  from  reality.     On  the  other  hand,  the  space   within  the 

concavity  of  the  bow  is  comparatively  sombre,  the  reflexion  of  the  clouds,  &c.  on  that  part  of  the  base  bdni^ 
much  less  vivid.  If,  instead  of  placing  it  on  a  black  body,  we  hold  it  in  the  hand,  and  plsiCe  a  candle  beUum  it^ 
this  will  be  visible ;  but  (wherever  placed)  will  always  appear  in  some  part  of  the  base  within  the  concavity  of 
the  bow.  Fig.  124  represents  the  course  of  the  rays  in  this  experiment,  E  being  the  eye,  NO,  OF,  PD  rays 
incident  through  the  farther  side  at  various  angles  of  obliquity  on  the  base,  and  reflected  to  the  eye  at  £,  of 
which  O  F  is  incident  precisely  at  the  limiting  angle.  It  is  obvious,  that  all  the  rays  towards  N  incident  on  that 
part  of  the  base  beyond  F  t>eing  too  oblique  for  transmission  will  be  totally  reflected,  while  those  incidssit 
between  F  and  A,  being  less  oblique  than  is  required  for  total  reflexion,  will  be  only  partially  so,  a  portion 
escaping  through  the  base  in  the  direction  D  Q.  Ag^in,  if  we  place  a  luminary  at  any  point  as  L  below  the 
base,  it  is  manifest  that  to  reach  the  eye,  a  ray  from  it  must  fall  between  A  and  F,  as  L  D,  and  that  no  ray 
falling  on  any  part  of  the  base  between  B  and  F  can  be  refracted  to  E. 

555.  The  coloured  arch  separating  the  region  of  total  from  that  of  partial  reflexion,  is  thus  explained,  fbr, 
^^^^^     simplicity,  let  us  suppose  the  eye  within  the  medium,  (to  avoid  considering  the  reflexion  at  the  inclined  snifiKe 

A  C  of  the  prism ;)  and,  first,  considering  only  the  extreme  red  rays,  if  we  drop  a  perpendicular  from  the  eye  < 
tlie  base  of  the  prism,  and  make  this  the  axis  of  a  cone,  the  side  of  which  is  inclined  to  the  axis  at  the  \ 

whose  sine  is  — »  (or  the  linriiting  angle  for  extreme  red  rays ;)  and  if  we  conceive  such  ravs  to 

all  directions  from  the  eye,  then  all  which  fall  without  the  circular  base  of  this  cone  will  be  totally,  bat  { 

within  only  partially  reflected.     Thus,  were  there  no  other  than  such  red  rays  of  this  precise  refirangibility,  the 
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regiOD  of  partial  reilexiott  would  be  a  circle  who^e  radius  =  height  of  the  eye  above  the  base  x  iangfent  of  the    Pui  Ill- 


angle  whose  sine  is  = 


II 


V^M^  -     1 


la  like  manner,  the  radius  of  the  circular  space,  wiihin  which  only  a 


partial  reflexion  of  violet  rays  takes  place,  is 


U 


II 


being  less  than  the  value 


of  the  same  radius  for  the  red  rays*  Hence,  in  tfie  space  between  the  two  circles,  the  violet  rays  will  be  totally, 
gkSkd  the  red  otily  partially  rellected ;  and,  therefore,  the  whole  of  this  spuce  will  have  an  excess  of  viokH  Un;ht. 
A  similar  reasoning  holds  good  for  the  intermediate  rays;  and  the  shadin^jc  away  from  the  bnght  space  without, 
to  the  comparatively  dark  one  within,  will,  in  consequence,  be  pertbrmed  by  the  abstmctiou  first  of  the  red,  next 
iif  tlic  orange  rays,  and  so  on  through  the  spectrum,  leaving  a  residual  h^Ui,  whicli  continually  deviates  more 
and  more  from  white,  and  verges  to  blue.  If  now  we  suppose  each  ray  to  be  incident  in  the  contrary  direction 
ito  as  to  be  reflected  to  the  eye  instead  of  emanating  from  it,  every  thing  will  equally  hold  ^ood,  and  the  eye 
will  see  a  bright  space  without;  separated  from  an  obscure  space  within  the  base  of  the  cone,  the  transition  from 
one  to  tlie  other  being  not  sudden,  but  marked  by  a  blue  border,  the  colour  of  which  is  more  lively  towards  the 
ititerior.  Now  such  is  the  fact,  with  one  difference,  however,  that  the  coloured  arch  appears  slightly  tinged 
with  pink  on  its  convex  side.  This,  as  it  is  incom]>atible  with  theory,  can  be  owing,  it  shoyld  seem,  to  no 
cause  but  contrast;  a  most  pow^erful  source  of  illusion  in  all  the  phenomena  of  colours,  and  of  whidi  this  is, 
perhaps,  one  of  the  most  striking  and  curious  instances.  Newton  {Optics^  part  li.  exp.  Ifi)  takes  no  notice  of 
this  part  of  the  phenomenon,  (which  was  first  obsen^ed  and  described  by  Sir  W.  Herschel,)  ihoug-h  he  gives  the 
same  explanation  of  the  rest  wiUx  that  here  set  down.  The  efiect  of  refraction  at  the  side  B  A  of  the  prism 
will  somewhat  modify  the  Bgure  of  the  bow,  giving  it  a  tendency  to  a  conchoidal  form  at  great  obliquities  of 
the  emergent  rays. 

If  the  side  B  C  of  the  prism  be  covered  with  black  paper,  and  a  bright  scattered  light  be  thrown  on  the  base 
from  below,  (as  from  an  emeried  glass  applied  with  its  rough  side  close  to  the  base,)  the  converse  of  the  above 
described  phenomena  will  be  seen.  A  totally  black  space  will  be  seen  beyond  F,  and  a  bright  one  within  it.  The 
ieparation  being  marked  by  a  bow  of  a  vivid  red  colour,  graduating  through  orange  and  pale  yellow  into  white,  the 
red  being  outwards.  It  is  evident  that  this  phenomenon  is,  in  all  its  parts,  compleme;itary  to  that  of  the  blue 
bow  seen  by  reflexion,  and  therefore  requires  no  more  particular  explanation.  It  should  be  noticed,  however,  that 
in  this  bow  no  appearance  of  blue  or  violet  within  its  concavity  is  ever  seen ;  so  that  the  effect  which  we 
have  above  attributed  to  contrast  in  the  reflected  bow  has  nothing  corresponding  to  it  in  the  transmitted  one. 

The  intensity  and  regularity  of  reflexion  at  the  external  surface  of  a  medium,  is  found  to  depend  not 
merely  on  the  nature  of  the  medium,  but  very  essentially  on  the  degree  of  smoothness  and  polish  of  its  surface- 
But  it  may  reasonably  be  asked,  how  any  regular  reflexion  can  take  place  on  a  surface  polished  by  art,  when  we 
reooUect  that  the  process  of  polishing  is,  in  fact,  nothing  more  than  g^rinding  down  large  asperities  into  smaller 
ones  by  the  use  of  hard  gritty  powders,  which,  whatever  degree  of  mechanical  comminution  we  may  give  them, 
aie  yet  vast  masses,  in  comparison  with  the  ultimate  molecules  of  matter,  and  their  action  can  only  he  considered 
as  nn  irregular  tearing  up  by  the  roots  of  every  projection  which  may  occur  in  the  surface.  So  that,  in  fact,  a 
surface  artificially  polished  must  bear  somewhat  of  the  same  kind  of  relation  to  the  surface  of  a  liquid,  or  a 
crystal,  that  a  ploughed  field  does  to  the  most  delicately  polished  mirror,  the  work  of  liuman  hand?.  Now  to 
this  question  the  Newtonian  doctrine  furnishes  an  answer  quite  satisfactory.  Were  the  reflexion  of  light  per- 
formed by  actual  impact  of  its  Tnolecules  upon  those  of  the  reflecting  medium,  no  resfular  ordinary  reflexion 
could  ever  take  place  at  all,  as  it  would  depend  entirely  on  the  shape  of  the  molecules,  or  asperities  of  the 
surface,  and  the  inclinations  of  their  surfaces  to  the  general  surface  of  the  medium  at  the  point  of  incidence, 
what  should  be  the  direction  ultimately  taken  by  each  particular  ray.  Now  tliese  must  vary  in  every  possible 
manner  in  uncrystalUzed  bodies,  so  that  m  reflexion  from  the  surfaces  of  the^  the  light  would  be  uniforndy  scat- 
tered in  every  direction.  On  the  other  hand,  in  crystallized  media,  each  molecule  presenting  only  a  limited 
number  of  strictly  plane  surfaces,  and  the  corresponding  faces  of  all  being  mathematically  parallel,  reflexion 
would  indeed  be  regular;  but  its  direction  would  be  regulated  only  by  that  of  the  incident  ray  and  the  position 
of  certain  fixed  lines  within  the  crystal ;  and  would  be  quite  independent  of  cither  the  smoothness  or  the 
hiclmation  of  the  polished  surfaces  of  it,  whether  natural  or  artificial ;  add  to  which,  that  instead  of  the,  reflected 
pencil  of  rays  being  single,  it  would  in  most  cases  be  multiple.  All  these  consequences  are  so  contrary  to  fact, 
that  it  is  evident  we  must  suppose  the  distance  to  which  the  forces  producing  reflexion  extend  much  greater 
not  only  than  the  size  of,  or  inlenal  between  individual  molecules,  but  even  greater  than  the  minute  inequalities 
or  furrows  in  the  artificially  polished  surfaces  of  media.  Granting  this,  the  difficulty  vanishes;  for  the  average 
action  of  many  molecules,  or  many  corrugations,  will  present  an  uniformity,  while  individually  tlicy  may  offer 
the  greatest  diversity.  To  illustrate  this,  we  need  only  cast  our  eyes  on  fig.  125,  where  A  B  represents  the 
rough  surface  of  a  medium,  and  AC  the  radius  of  one  of  the  spheres  of  attraction,  or  repulsive  activity  of  a 
single  molecule  A.  Conceiving  now  the  summits  of  all  the  elevations  a,  b,  c,  d  Xo  lie  in  a  plane,  let  spheres  be 
deacribed  with  their  centres  equal  to  A  C.  Then  their  intersections  will  generate  a  kind  of  manjillated  surface 
41  ^  7  2,  which,  however,  if  the  radii  of  the  spheres  be  at  all  considerable  with  respect  to  the  distances  of  their 
centres,  will  approach  exceedingly  near  to  a  mathematical  plane,  infinitely  more  so  tJian  the  surface  A  B  need  be 
supposed.  Hence,  a  ray  of  li[>ht  iiripinging  on  the  medium  will  come  within  the  sphere  of  its  action  not  at  an 
irregular  surface,  but  nearly  at  a  plane  one ;  and  the  resultant  action  of  all  the  molecules  in  action,  supposing 
them  distributed  with  uniformity  over  A  D,  will  be  perpendicular  to  this  surface*  The  same  will  hold  j^ood  of 
^e  layer  of  molecules  (however  interrupted)  immediately  under  tlie  summits  6,  c,  d,  <Stc,,  and  of  all  the  other 
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Ught.     layers  into  which  the  whole  sur&ce  can  be  diyided.     So  that  the  essential  conditions  on  which  the  NewtoiUMi    Pn 
v..^.,^^^^./  doctrine  of  reflexion  and  refraction  reposes,  (viz.  equality  of  force  at  equal  distances  from  the  general  level  of '^ 
the  surface,  and  the  perpendicularity  of  its  direction,  to.  that  level,)  still  obtain. 

558.  It  is  evident  that  the  inequalities  in  the  mamillary  surfaces  above  described  will  become  more  considerable  as 
Oblique  their  radii  are  diminished,  or  as  the  interval  of  their  centres  is  greater,  and  in  proportion  will  the  regularitj  of 
regular  re.  reflexion  and  refraction  be  interrupted.  Hence  too  it  follows,  that  the  more  oblique  the  incidence  of  me  ray,  the 
rough"  "*°*  greater  may  be  the  roughness  of  the  surface  which  will  give  a  regular  reflexion ;  and  this  is  perfectly  con- 
surfaces.      sonant  to  fact^  as  may  be  easily  tried  with  a  piece  of  emeried  glass,  which,  although  so  rough  as  to  give  no 

regular  image  at  a  perpendicular  incidence,  will  yet  g^ve  a  pretty  distinct  one  at  great  obliquities.  The 
reasons  are,  first,  that  a  very  oblique  ray  will  not  require  to  penetrate  so  far  within  the  sphere  of  repul^on,  to 
have  its  motion  perpendicular  to  the  surface  destroyed ;  and,  secondly,  that  it  cannot  pass  between  two  oonli- 
guous  elevations  or  depressions  of  the  imaginary  sur^ice  afiyB,  but  by  reason  of  its  obliquity  must  travene 
several  of  them,  and  thus  undergro  a  more  regular  average  exertion  of  the  forces  of  the  medium. 

559.  Thus  the  reflexion  of  light  is  explained  on  the  Newtonian  doctrine.  But  it  may  still  be  asked,  how  refradioii 
Regular  at  a  surface  artificially  polished  can  ever  be  regular.  In  reflexion,  the  ray  never  reaches  the  asperities  of  the 
refraction  surface  ;  it  undergoes  their  average  action,  equalized  by  distance,  and  mutually  compensated.  In  refiraction,  fit 
artificially  ^^  Otherwise.  Here  the  rays  must  actually  traverse  the  surface,  and  must  therefore  actually  pass  through  all 
polished.      ^^  inequalities  at  every  possible  angle  of  obliquity.     The  answer  to  this  is  equally  plain.     Neither  refractioii  nor 

reflexion  are  performed  cloie  to  the  surface,  either  wholly,  or  in  great  part.  The  greater  part  by  far  of  the 
flexure  of  the  ray  is  performed  (either  internally  or  externally)  at  a  distance,  out  of  the  reach  of  these  iirega- 
larities,  and  by  the  action  of  a  much  more  considerable  thickness  of  the  medium  than  is  occupied  by  them. 
Their  action  must  be  compared  to  the  efiect  of  mountains  on  the  earth's  surface  in  disturbing  the  general  force 
of  gravity.  A  stone  let  fall  close  to  one  of  them,  from  a  moderate  height,  follows  not  the  true  vertical  but  the 
direction  of  the  deviated  plumbline,  which  is  sensibly  diflerent.  Whereas,  if  let  fall  from  the  moon  to  the  earth's 
centre,  it  would  pass  among  them,  were  they  greater  a  thousand  fold  than  they  are,  without  experiencing  any 
sensible  perturbation  or  change  of  direction  in  their  neighbourhood. 

560.  In  fact,  however,  no  regular  refraction  can  be  obtained  from  surfaces  sensibly  rough,  at  all  comparable  to  the 
regularity  of  their  reflexion.  This  may  arise  from  the  impossibility  of  a  refracted  ray  penetrating  the  surfiwe 
at  a  sufficient  degree  of  obliquity.  It  is,  however,  a  remarkable  fact,  that  the  regular  internal  reflexion  from  a 
roughened  surface,  even  at  extreme  obliquities,  is  scarcely  sensible,  even  in  cases  where  the  external  reflexion  at 
the  same  obliquities  is  perfectly  regular  and  copious.  This  would  seem  to  indicate,  that  the  forces  which 
operate  the  external  reflexion  of  a  ray  exert  their  energy  wholly  without  the  medium. 

561.  Whatever  be  the  forces  by  which  bodies  reflect  and  refract  light,  one  thing  is  certain,  that  they  most  be 
Intensity  of  incomparably  more  energetic  than  the  force  of  gravity.  The  attraction  of  the  earth  on  a  particle  near  ita 
'^Lf^^  surface  produces  a  deflexion  of  only  about  16  feet  in  a  seconr' ;  and,  therefore,  in  a  molecule  moving  with  the 
vtract^ioiu    velocity  of  light,  would  cause  a  curvature,  or  change  of  direction,  absolutely  insensible  in  that  time.     In  &el^ 

we  must  consider,  first,  that  the  time  during  which  the  whole  action  of  the  medium  takes  place,  is  only  thai 
witliin  which  light  traverses  the  diameter  of  the  sphere  of  sensible  action  of  its  molecules  at  the  sur&ce.  "to 
allow  so  much  as  a  thousandth  of  an  inch  for  this  space  is  beyond  all  probability,  and  this  interval  is  tr»» 

versed  by  light  in  the  part  of  a  second.     Now,  if  we  suppose  the  deviation  prodneed 

1  (ib, Of  A, UUU,UUU,Ul/U 

by  refraction  to  be  30°,  (a  case  which  frequently  happens,)  and  to  be  produced  by  a  uniform  force  acting 
during  a  whole  second ;  since  this  is  equivalent  to  a  linear  deflexion  of  200,000  miles  x  sin  30°,  or  of  100,000 
miles  =  33,000,000  x  16  feet,  such  a  force  must  exceed  gravity  on  the  earth's  surface  33,000,000  times. 
But,  in  fact,  the  whole  efiect  being  produced  not  in  one  second,  but  in  the  small  fraction  of  it  above  mentioned* 
the  intensity  of  the  force  operating  it  (see  Mechanics)  must  be  greater  in  the  ratio  of  the  square  of  one 
second  to  the  square  of  that  fraction ;  so  that  the  least  improbable  supposition  we  can  make  gives  a  mean 
force  equal  to  4,969,126,^72  x  10^^  times  that  of  terrestrial  gravity.  But  in  addition  to  this  estimate  alreac^ 
so  enormous,  we  have  to  consider  that  gravity  on  the  earth's  surface  is  the  resultant  attraction  of  its  whole 
mass,  whereas  the  force  deflecting  light  is  that  of  only  those  molecules  immediately  adjoining  to  it,  and  witldn 
the  sphere  of  the  deflecting  forces.     Now  a  sphere  of  Wirr  of  an  inch  diameter,  and  of  the  mean  density  of 

the  earth,  would  exert  at  its  surface  a  gravitating  force  only  tt»W  X   -j ^-rr --j-    of  ordinary  gin. 

vity,  so  that  the  actual  ijtUnxity  of  the  force  exerted  by  the  molecules  concerned  cannot  be  less  than 

— (=  46,352,000,000)  times  the  above  enormous   number,  or  upwards  of  2  x  10** 

1  inch 

when  compared  with  the  ordinary  intensity  of  the  gravitating  power  of  matter.    Such  are  the  energies  concerned 
in  the  phenomena  of  light  on  the  Newtonian  doctrine.    In  the  undulatory  hypothesis,  numbers  not  less  immense 
will  occur ;  nor  is  there  any  mode  of  conceiving  the  subject  which  does  not  call  upon  us  to  admit  the  ezeriioa 
of  mechanical  forces  which  may  well  be  termed  infinite, 
r  ^2  ^^'  Wollaston  has  proposed  the  observation  of  the  angle  at  which  total  reflexion  first  takes  place  at  the 

common  surface  of  two  media,  the  index  of  refraction  of  one  of  which  is  known,  as  a  means  of  determining 
that  of  the  other;  and,  in  the  Philosophical  Transactions  for  1802,  has  described  an  ingenious  apparatus  which 
gives  a  measure  of  the  index  required  almost  by  inspection.     If  we  lay  any  object  under  the  bause  of  a  prism 
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it  in  any  other  light  than  as  a  most  formidable  objection  to  the  undulatory  doctrine.  It  will  be  shown  prsaeatly  1 
thai  the  deviation  of  light  by  refraction  is  a  consequence  of  the  difference  of  it«  velocities  within  and  witlKMit  ^ 
the  refracting  medium^  and  that  when  these  velocities  are  given  the  amount  of  deviation  is  also  given,  Bmaet 
it  would  appear  to  follow  unavoidably,  that  rays  of  all  co^urs  must  be  in  all  cases  equally  refracted ;  and  thalt 
therefore^  there  could  exist  no  such  phenomenon  as  dispersion.  Dr.  Young  has  attempted  to  gloss  orer  tUa 
difficulty,  by  calling  in  to  his  assistance  the  vibrations  of  the  ponderable  matter  of  the  refracting  medium  iftMl( 
as  modifying  the  velocity  of  the  ethereal  undulations  within  it,  and  that  differently  according  to  their  finequMMf* 
and  thus  pnMlttcing  a  difference  in  the  velocity  of  propagation  of  the  difierent  colours ;  but  to  us  it  appeani  widi 
more  ingenuity  than  success.  We  hold  it  better  to  state  it  at  once  in  its  broad^t  terms,  and  call  on  the  i 
to  suspend  his  condemnation  of  the  doctrine  for  what  it  apparent^  will  not  explain,  till  he  has  b 
afiquainted  with  the  immense  variety  and  complication  of  the  phenomena  which  it  will.  The  fact  i8» 
neither  the  corpuscular  nor  the  undulatory,  nor  any  other  system  which  has  yet  been  devised,  will  fumisli  that 
complete  and  satisfactoiy  explanation  of  all  the  phenomena  of  light  which  is  desirable.  Certain  admierioaa 
must  be  made  at  eveiy  step,  as  to  modes  of  mechanical  action,  where  we  are  in  total  ignorance  of  tha  Actiar 
forces ;  and  we  are  called  on»  where  reasoning  fiuls  us,  occasionally  for  an  exercise  of  faith.  Still,  if  we  regM 
hypotheses  and  theories  as  no  other  way  valuable  than  as  means  of  classifying  and  g^uping  togetlicr  ]  ~ 
mena,  and  of  referring  facts  to  laws  idiich,  though  possibly  empirical,  are  yet,  so  far  as  they  are  so,  i 
representations  of  nature,  and  as  such  must  be  deducible  from  real  primary  laws,  whenever  they  shall  be 
vered,  we  cannot  but  admit  their  importance.  The  undulatory  system  especially  is  necessarily  liable  to 
derable  obscurities ;  as  the  doctrine  of  the  propagation  of  motion  through  elastic  media  is  one  ci  the  OMMk 
abstruse  and  difficult  branches  of  mathematical  inquiry,  and  we  are  therefore  perpetually  driven  to  indireet  mmk 
analogical  reasoning,  from  the  utter  hopelesness  of  overcoming  the  mere  mathematical  difficulties  inherent  In 
the  subject  when  attacked  directly. 

It  is  thus  that  we  are  encountered  at  the  very  outset  of  its  application  with  another  objection,  which,  in  the 
eyes  of  Newton,  appeared  decisive  against  its  admission,  but  which  has  since  been,  in  a  considerable  degree, 
overcome.  How  is  it  that  shadows  exist  Sounds  make  their  way  freely  round  a  comer, — why  does  not  light 
do  so  ?  A  vibration  propagated  from  a  centre  in  an  elastic  medium,  and  intercepted  by  an  immovable  obstade 
having  a  small  orifice,  ought  to  spread  itselfj  it  is  said,  from  this  orifice  beyond  the  screen  as  from  a  new  centre^ 
and  fill  the  space  beyond  with  undulations  propagated  firom  it  in  every  direction.  Thus,  as  in  Acoustics,  the 
orifice  is  heard  as  a  new  source  of  sound ;  so,  in  Optics,  it  ought  to  be  seen  in  all  directions  as  a  new  luminary* 
To  this  the  answer  is,  first,  that  it  is  not  demonstrable  that  a  vibratory  motion  communicated  to  one  particle  of 
an  elastic  medium  is  propagated  with  equal  inUnsiiy  to  every  surrounding  molecule  in  whatever  direction 
situated  with  respect  to  the  line  of  its  motion,  though  it  is  with  equal  rapidity  ;  and  therefore  that  we  have  no 
reason  to  presume,  d  priori^  but  rather  the  contrary,  that  the  motions  of  the  vibrating  particles  at  the  orifice 
should  be  propagated  laterally  with  equal  intensity  in  all  directions ;  secondly,  that  it  is  not  true,  in  fkct»  that 
sounds  are  propagated  round  the  comer  of  an  obstacle  with  the  same  intensity  as  in  their  original  direction,  as 
anyone  may  convince  himself  by  the  following  simple  experiment.  Take  a  common  tuning  fork,  and,  holdJng 
it  (when  set  in  vibration)  about  three  or  four  inches  from  the  ear,  with  its  flat  side  towards  it,  when  its  sound 
is  distinctly  heard,  let  a  strip  of  card,  somewhat  longer  than  the  flat  of  the  tuning  fork,  be  interposed,  at  aboni 
half  an  inch  from  the  fork.  The  sound  will  be  almost  entirely  intercepted  by  it ;  and  if  the  caid  be  alternatdy 
removed  and  replaced  in  pretty  quick  succession,  alternations  of  sound  and  silence  will  be  perceived  ;  proving 
that  the  undulations  of  the  air  are  by  no  means  propagpated  with  equal  intensity  by  the  circuitous  route  nmnd 
the  edge  of  the  card,  as  by  the  direct  one.  Indeed  any  one  has  only,  to  be  convinced  of  the  fact,  to  attend  to 
the  sound  of  a  carriage  in  the  act  of  tivning  a  corner  from  the  street  in  which  he  happens  to  be  t&  an  adjoining 
one  ;  to  which  we  may  add,  that,  even  when  there  is  no  obstacle  in  the  way,  sounds  are  by  no  means  equally 
audible  in  all  directions  from  the  sounding  body,  as  any  one  may  convince  himself  by  holding  a  vibrating  tuning 
fork,  or  pitchpipe,  near  his  ear,  and  turning  it  quickly  on  its  axis.  This  last  phenomenon  was  first  noticed,  we 
believe,  by  Dr.  Young,  (Vhil,  Trans,^  1802,  p.  25,)  and  since  more  fully  described  (in  Schweiggers  JaMimskt 
1826)  by  M.  Weber.  Now  if  there  be  any  inequality  at  all  in  the  intensity  of  the  direct  and  lateral  propa- 
gation of  undulations  in  a  medium,  it  must  arise  from  the  constitution  of  the  medium,  and  the  proportion  of 
the  amplitude  of  the  excursions  of  Uie  vibrating  particles  to  their  distance  from  each  other  ;  and  may  therelbie 
easily  be  conceived  to  differ  in  any  imaginable  deg^e  in  different  media,  and  there  is,  at  least,  no  absurdity  in  sop* 
posing  the  ether  so  constituted  as  to  admit  of  comparatively  very  feeble  lateral  propagation.  Now,  thirdly,  in  point 
of  fact,  light  does  spread  itself  in  a  certain  small  degpree  into  the  shadows  of  bodies,  out  of  its  strict  rectilinear 
course,  giving  rise  to  the  phenomena  of  inflexion  or  diff^radion,  of  which  more  presently,  and  which  are  com- 
pletely accountable  for  on  the  undulatory  doctrine,  and  form,  in  fact,  its  strongest  points.  For  further  informa- 
tion on  this  confessedly  abstmse  subject,  the  reader  must  consult  our  article  on  Sound,  and  the  works  cited  at 
the  end  of  this  Essay.  It  is  enough  here  to  show,  that  the  objection  which  has  been  urged  by  Newton  and  his 
followers  with  such  force  against  the  doctrine  of  undulations,  is  really  not  conclusive  against  it,  but  founded 
rather  on  inadequate  conceptions  of  the  nature  of  elastic  fluids,  and  the  laws  of  their  undulations. 

Although  any  kind  of  impulse,  or  motions  regelated  by  any  law,  may  be  transferred  from  molecule  to 
molecule  in  an  elastic  medium,  yet  in  the  theory  of  light  it  is  supposed  that  only  such  primary  impulses  as  recur 
according  to  regular  periodical  laws,  at  equal  intervals  of  time,  and  repeated  many  times  in  succession,  can 
affect  our  organs  with  the  sensation  of  light.  To  put  in  motion  the  molecules  of  the  nerves  of  our  retina  with 
sufficient  efficacy,  it  is  necessary  that  the  almost  infinitely  minute  impulse  of  the  adjacent  ethereal  molecules 
should  be  oflen  and  regularly  repeated,  so  as  to  multiply,  and,  as  it  were,  concentrate  their  effect.  Thus,  as  a 
great  pendulum  may  be  set  in  swing  by  a  very  minute  force  often  applied  at  intervals  exactly  equal  to  its  time 
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€ar&L  Hence  the  excursions  of  the  molecule  to  and  fro  will  consist  of  four  principal  phases,  in  each  of  whidi 
its  motion  is  similar,  but  in  contrary  directions,  or  on  contrary  sides  of  the  centre.  In  the  first  phase  tbe^ 
molecule  is  to  the  right  of  the  centre  of  motion,  and  is  approaching-  the  centre,  or  moving  from  riqhl  to  lefl^ 
In  the  second,  it  is  to  the  left  of  the  middle  point,  and  moving'  from  it,  or  still  from  right  to  l^^  These  two 
phases  we  shall  term  the  positive  phwtes.  In  the  third  phase  the  molecule  lies  on  the  left  side^  and  its  motion  i> 
towards  the  centre^  and  from  left  to  right.  In  the  fourth,  it  is  to  the  rig;ht  ag^ain,  receding  from  the  centre,  and 
moving'  still  fVom  left  to  rig'ht*     These  we  shall  term  the  negative  phages  of  its  vihration* 

Proposition,     To  define  the  rectilinear  vibrations  of  any  molecule  of  the  ether,  propagated  firom  a  lonmiCfiii 
particle  vibrating  as  in  the  last  proposition. 

In  the  propagation  of  motions  through  elastic,  uniform  media,  the  same  or  a  similar  motion  to  that  of  wf 
one  molecule  is  communicated  to  every  other  in  succession ;  but  this  communication  occupies  time,  and  tht 
motion  of  a  molecule  at  a  distance  from  the  origin  of  the  vibrations  does  not  commence  till  after  the  lapse  of  la 
interval  of  time  proportional  to  that  distance,  being  the  time  in  which  the  propagated  impulse,  whether  of  sound 
or  light,  &c.  nins  over  that  distance  with  a  certain  uniform  velocity  due  to  the  intrinsic  elasticity  of  the  medium, 
and  which  in  the  case  of  hght  is  about  200^000  miles  per  second  ;  in  that  of  sound  about  1100  feet.  And  when 
the  vibration  of  the  original  source  of  motion  has  ceased,  that  of  the  ethereal  molecule  does  not  cease  on  the 
instant,  but  continues  for  a  time  equal  to  that  which  elapsed  before  its  commencement.     Hence,  if  we  call  V  the 

velocity  of  light,  and  D  the  distance  of  the  molecule  firom  the  luminous  point,  -r^  will  be  the  intenral  betweec 

the  commencement  of  the  motion  of  the  latter  and  of  the  former ;  hence  —  t  being  the  time  elapsed  st  la^ 

instant  since  the  commencement  of  the  first  positive  phase  of  the  vibration  of  the  limiinous  point*  t  -  — 

will  be  the  corresponding  time  in  the  case  of  the  ethereal  molecule.     Thus  we  have,  for  the  equations  of  ike 
motions  of  the  former, 

X  =  a  ,  cos2  w  ,  -— ;  v  ^  b  .Bm2w    — ;  where 6  =  a   ^^  E 

and  in  that  of  the  latter 


J?  =  a  .  cos  2  TT 


C-:^)^ 


tJ  =s  ^  .  sin  2  X 


C-;^)^ 


where  y?  :=  a  V^ 


a  being  the  semiamplitude  of  the  vibration,  or  the  extent  of  the  excursion  of  the  ethereal  molecule  from 
point  of  rest. 

CoroL  Hence  it  is  evident  that  the  actual  velocity  of  the  molecules  of  ether  may  be  less  in  any  proportioti 
than  that  of  light ;  for  the  maximum  value  of  u  depends  for  its  numerical  magnitude  solely  on  o,  or  on  ihi 
amplitude  of  excursion,  and  on  E,  and  not  at  al!  on  V  the  velocity  of  propagation  of  the  wave. 

CoroL  2.  If  we  suppose  the  luminous  molecule  to  have  made,  from  tlie  commencement  of  its  motion*  ao) 
number  of  vibrations  and  parts  of  a  vibration  in  the  time  t ;  then  if  we  consider  an  ethereal  molecule  it  i 
distance  V  .  t  from  it  in  any  direction,  (i.  e,  situated  in  a  spherical  surface  whose  radius  is  V  .  f,)  tins 
molecule  will  be  just  beginning  to  be  put  in  motion.  If  we  suppose  another  spherical  surface  concentric  liMt 
the  former,  but  having  its  radius  less  than  the  former  by  V  .  T,  wlrich  in  future  we  shall  call  X,  every 
situated  in  this  surface  will  have  just  completed  one  vibration,  and  l>e  commencing  its  second,  and 
The  interval  between  these  surfaces  will  comprehend,  arranged  in  spherical,  concentric  shells,  mol* 
every  phase  of  their  vibrations, — those  in  each  shell  being  in  ttie  same  phase.  This  assemblage  of  m< 
is  termed  a  wave,  and  as  the  impulse  continues  to  be  propagated  forwards  it  is  evident  that  the  wave 
continue  to  increase  in  radius,  and  will  comprehend  in  succession  all  the  molecules  of  the  medittm 
infinity. 

Definition.  The  interval  between  the  internal  and  external  surface  of  a  luminous  wave  is  called  an  undtddtioi 
or  a  pulse,  and  its  length  is  evidently  =  V .  T  ^  X,  or  the  space  run  over  by  light  in  the  time  T  of  one  caaipl( 
period,  or  vibration  of  the  luminous  molecule.     It  is  therefore  proportional  to  that  time. 

Hence  the  lengths  of  the  undulations  of  differently  coloured  rays  dilfer  inter  #e.  For,  by  Postulate  €,  the 
number  of  vibrations  made  in  any  given  time  by  the  ethereal  particles  determines  the  colour.  Now  tbc  more 
numerous  the  vibrations  are,  dato  tempore^  the  shorter  their  duration ;  hence  T,  which  represents  this  domtioD, 
is  iesi ;  and  therefore  X,  or  the  length  of  the  undulation  less  for  the  violet  than  for  the  red  rays.  From 
experiments  to  be  presently  described,  it  has  been  found,  that  the  lengths  of  the  undulations  in  air,  or 
the  values  of  X  for  the  ditferent  rays,  as  also  the  number  of  limes  they  are  repeated  in  one  second,  are  u 
in  the  following  table  : 
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a  greater  at  rest,  it  will  be  reflected,  and  wtth  a   motnenttim  which  is  greater  in  proportion  to  the  di^ereoce  m  J 
size  of  the  balls.  4 

But  to  render  an  account  of  oblique  reflexion  and  refraction,  and  the  other  pbenomena  we  shall  hare  to  speak 
of,  it  will  be  necessary  to  lay  down  the  following  principles,  which  are  either  self-evident  or  follow  Lmmediately 
from  the  elementary  principles  of  dynamics, 

L  When  any  number  of  very  minute  impulses  is  communicated  at  once  to  the  particles  of  any  Diediunt,  or 
of  any  mechanical  system  under  the  influence  of  any  forces,  the  motion  of  each  particle  al  any  instant  will  be  the 
sum  of  all  the  motions  which  it  would  have  at  that  instant,  bad  each  of  the  impulses  been  commauicated  to  the 
system  alone,  (the  word  sum  being'  understood  in  its  alg-ehraical  sense.) 

3,  Every  vibrating  molecule  in  an  elastic  medium,  whether  vibrating  by  an  original  impulse^  or  in  conseqnenoe 
of  an  impulse  propagated  to  it  from  othera,  may  be  reg;arded  as  a  centre  of  vibration  from  which  a  system  of 
secondary  waves  emanates  in  all  directions,  according"  to  the  laws  of  the  propag^ation  of  waves  in  the  medium. 

Proposition,  In  the  refieition  of  light  on  the  undulaiory  doctrine,  the  angle  of  incidence  is  equal  to  that  of 
reflexion. 

Let  A  B  be  a  plane  surface  separating  the  two  media,  and  S  the  luminous  point  propagating'  a  series  <rt 
spherical  waves,  of  which  let  A  a  be  one.  So  soon  as  this  reaches  the  surface  at  A,  a  partial  reflexion  will  tike 
place  ;  and  regarding  the  point  A  as  a  new  centre  of  vibration,  spherical  waves  will  begin  to  be  propagated 
from  it  as  a  centre,  one  of  which  proceeds  forwards  inio  the  reflecting*  medium,  with  a  velocity  g^reater  or  les« 
than  that  of  the  incident  wave^  as  the  case  may  be  ;  the  other  backwards  into  the  medium  of  incidence,  with  i 
velocity  equal  to  that  of  the  incident  wave.  It  is  only  with  the  latter  we  are  at  present  concerned.  Cooceiv* 
now  the  wave  A  a  to  move  forward  into  the  position  Bb  ;  then  in  the  time  that  it  has  run  over  the  space  P  B,  the 
wave  propagated  from  A  will  have  run  back  over  a  distance  A  d  =:  P  B,  and  the  hemisphere  whose  radius  hM 
will  represent  this  wave.  Between  A  and  B  take  any  point  X,  and  de*cribe  the  hemispheric  surface  X  c.  Thru 
regarding  X  as  a  centre  of  vibration,  its  vibrations  will  not  commence  till  the  wave  has  reached  it.  It  wilU  there- 
fore, beg^in  to  vibrate  later  than  A,  by  the  whole  time  the  wave  A  a  takes  to  run  over  P  Q  ;  but  when  once  sH 
in  vibration,  it  propagates  backwards  a  spherical  wave  with  the  same  velocity,  so  that  when  the  original  wat? 
has  advanced  into  the  situation  B  b,  the  wave  from  X  will  have  expanded  into  a  hemisphere,  whose  radius  X«r 
is  equal  to  PB,  P  Q,  or  A  B.  Now  this  being-  tme  of  every  point  X,  If  we  conceive  a  surface  touching- all  iheit] 
hemispheres  in  d^c,  B,  this  surface  will  mark  the  points  at  which  the  reflected  impulse  has  just  arrived, 
which  just  beg-ins  to  move  when  the  original  wave  has  reached  B,  and  will,  therefore,  be  the  surface  of 
reflected  wave.  Conceive  now  the  spherical  surface  b  B  prolonged  below  the  plane  A  B,  as  represented 
the  dotted  line  D  C  B,  and  the  same  of  the  spheres  about  A  and  X.  Then  the  spherical  surfaces  D  CB 
C  c  being  both  perpendicular  to  S  X  C,  must  touch  each  other  in  C,  hence  the  surface  touching  all  the  hti 
spheres  about  A,  X,  &c.  as  centres,  bciow  A  B  is  a  segment  of  a  sphere  having  S  for  a  centre,  and  Ifaj 
the  surface  B  c  c?  or  the  reflected  wave  is  a  segment  of  a  sphere  having  its  centre  at  a  as  much  below  the 
A  B  as  S  is  above  it. 

Now  to  an  eye  placed  at  X,  the  luminous  point  S  will  appear  in  the  direction  S  X  perpendicular  to  tlic  inddeat 
wave,  and  the  eye  placed  in  c  will  perceive  the  reflected  image  of  S  at  *  in  the  direction  cf,  perpendicular  ^ 
the  reflected  wave  ;   but  C9  passes  through  X|  because  the  spheres  c  C  and  B  b  touch  at  c.     Therefore  the  ray' 
which  s  is  seen  at  c  passes  through  X.     But  the  surfaces  B  D,  Bd  being  similar  and  cqnoJ,  the  an^le  BXc 
B  X  C  ^  A  X  S,  that  is,  the  angle  of  incidence  is  equal  to  that  of  reflexion.  Q.  E.  D. 

Cor,  If  the  reflecting  surface  be  not  a  plane,  the  reflected  wave  will  not  be  spherical ;  its  form  is,  how< 
easily  determined  as  follows  :  Suppose  the  direct  wave  to  have  assumed  the  position  B  h.  Take  any  point  X 
the  reflecting  surface,  and  describe  the  sphere  X  Q,  and  with  the  centre  X  and  radius  —  B  Q^  describe  aoothef 
sphere.  Do  this  for  everj^  point  in  the  surface  AB,  and  the  surface  which  is  a  common  tangent  (as  Bcdjta 
all  ihese  spheres,  is  the  surface  of  the  reflected  wave,  because  it  marks  the  farthest  limit  to  which  the  reflectil 
impulse  has  reached  in  all  directions  at  the  instant  when  the  direct  impulse  has  reached  B.  Now  tale  T 
infinitely  near  to  X,  and,  making  the  same  constniction  at  Y,  let  c,  e  be  the  points  in  the  reflected  wave  to  wiiidi 
X  c  and  Y  e  are  respectively  perpendicular.  Draw  X  r  perpendicular  to  Y  e,  and  X  ^  to  S  Y^,  then,  since  Yf  = 
SB  -  SY,  andXcrr  SB  -  SX,  we  have  Y  e  -  Xc,or  Yr  =  SX  -  S  Y  =  Y  <?,  and  X  Y  being  common  to 
the  right  angled  triangles  X  Y  r,  XY q\  the  angle  r  Y  X  must  be  equal  to  X  Y  ^  or  to  S  Y  A,  bo  Utat  the  warn 
law  of  reflexion  holds  good  in  curve  as  in  plane  surfaces. 

Propoution.     To  demonstrate  the  law  of  refraction  in  the  undulatory  syitem. 

Let  S,  fig.  129,  be  a  luminous  point,  and  let  any  wave  propagated  from  it  reach  in  succession  the  points  Y, 
X,  B  of  any  curve  surface  Y  X  B  of  a  refracting  medium,  whereof  X  and  Y  are  supposed  in&nitely  near  each 
other.  As  the  wave  strikes  Y,  X,  B,  each  of  these  points  will  become  centres  of  undulation,  which  will  ht 
propagated  in  the  refracting  medium  with  a  velocity  diflerent  from  that  of  light  in  the  medium  of  incidence,^ ' 
reason  of  their  different  elasticities,  (Postulate  3*)     Let  Y  :  v  l'  velocity  in  the  first  medium  to  that  in 


second^  (a  constant  ratio  by  hypothesis,)  and^  describing  the  sphere  B  Q  R,  take  X  c  ==  — 


Q  X  and  Y  e  =r 


-rr-  •  V  R,  then  will  X  c  and  Ye  represent  the  spaces  run  over  by  the  refracted  secondary  waves  pi 

from  X  and  Y  respectively,  when  the  direct  wave  has  reached  B.     Hence,  if  about  X  and  Y  as  centres^  i    _ 

these  radii  we  describe  splieres,  and  suppose  e,  c  to  be  points  in  the  curve  surface  which  is  a  tangent  ta  all  i 
spheres,  it  is  clear  that  X  cand  Ye  will  be  perpendicular  to  this  gurtace,  that  is,  to  the  surface  o  f  the  refracted  prii 
wave  ;  hence,  X  c  and  Y  e  will  be  the  directions  of  the  refracted  rays  at  X  and  Y.     Draw  X  y,  Xr  perpendicatiir 
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595. 


If  photo  metrical  experiments  enable  us  to  determine  the  proportion  of  the  reflected  to  the  incident  light,  wt  1 
may  thence  conclude  the  index  *Df  refraction  of  the  reflectinff-  medium,  aud  that  in  cases  where  no  other  mode^ 
will  apply.     Thus,  M.  Ara^o  having^  ascertained  that  about  half  the  incident  light  is  reflected  at  a  perpendicular 


incidence  from  mercury,  we  have  in  this  case 


5*829  for  the  refractive  index  of  mcr^ 


cury  out  of  air;  and  this  is  perfectly  consonant  to  the  g'eneral  tenor  of  optico-chemical  facts,  which  asmgti  to  the 
heavy  and  especially  to  the  white  metals  (as  indicated  in  their  transparent  combinations)  enormous  refracii^t 
and  dispersive  powers.  This  curious  and  intereslingf  application  has  not  been  overlooked  by  Dr.  Young  in  the 
Paper  alludeil  lo. 

To  complete  the  theory  of  reflexion  and  refraction  on  the  undulator}'  hypothesis,  it  will  be  necessary  to  show 
what  becomes  of  those  oblique  portions  of  the  secondary  waves*  drverg'ing'  in  all  diret*tions  from  every  point  ol 
the  reflecting  or  refracting'  surfaces  (as  X  7,  fig.  127)  which  do  not  conspire  to  form  the  principal  wave.  But 
to  understand  this,  we  must  enter  on  the  doctrine  of  the  interterence  of  the  rays  of  lig^ht, — a  doctrine  we  owe 
almost  entirely  to  the  ingenuity  of  Dr  Young,  though  some  of  its  features  may  be  pretty  distinctly  traced  in  the 
writings  of  Hooke,  (the  most  ingenious  tuan,  perhaps,  of  Aw  age,)  and  though  Newton  himself  occasioaaUy 
indulged  in  speculations  bearing  a  certain  relation  to  it.  But  the  unpursued  speculations  of  Newton,  and  the 
appercua  of  Hooke,  however  distinct,  must  not  be  put  in  competition,  and,  indeed,  ought  scarcely  to  )m 
mentioned  with  the  elegant,  simple,  and  comprehensive  theory  of  Young, ^ — a  theory  which,  if  not  founded  ii 
nature,  is  certainly  one  of  the  happiest  tictionsthat  the  genius  of  man  has  yet  inveiilcd  to  group  together  mUunl 
phenomena,  as  well  as  the  most  fortunate  in  the  support  it  has  unexpectedly  received  from  whole  classes  of  net 
phenomena,  which  at  their  first  discovery  seemed  in  irreconcileable  opposition  to  it.  It  is,  in  fact,  in  allili 
applications  and  details  one  succession  of  felicities,  insomuch  that  we  may  almost  be  induced  to  say,  if  tt  be  not 
true,  it  deserves  to  be  so»     The  limits  of  this  Essay,  we  fear,  will  hardly  allow  us  to  do  it  ju^^tice. 


§  III.     Of  the  Interference  of  tht  Rays  of  Light. 

596.  The  principle  on  which  this  part  of  the  theory  of  Light  depends,  is  a  consequence  of  that  of  the  **  SuperpoiitioQ 

General       of  small  motions**  laid  down  in  Art.  583.     If  two  waves  arrive  at  once  at  the  same  molecule  of  the  ether,  that 
principles  of  niolecule  will  receive  at  once  both  the  motions  it  would  have  had  in  virtue  of  each  separately,  and  it3  resultwil 
inie  erence  ji^qij^ij  ^.[|]^  therefore,  be  the  diagonal  of  a  parallelogram  whose  sides  are  the  separate  ones.     If,  therefore,  the 
two  component  motions  agree  in  direction  or  very  nearly  so,  the  resultant  will  be  very  nearly  equal  to  their  som, 
and  in  the  same  direction.     If  they  very  nearly  oppose  each  other,  then  to  their  ditference.     Suppose,  now,  two 
vibratory  motions  consisting  of  a  series  of  successive  undulations  in  an  elastic  medium,  all  similar  and  equal  to 
each  other,  and  indeflnitely  repeated,  to  arrive  at  the  same  point  from  the  same  original  centre  of  vibration,  but 
by  dilTerent  routes  (owing  to  the  interposition  of  obstacles  or  other  causes)  exactly,  or  very  nearly  in  the  same 
final  direction  ;  and  suppose,  also,  that  owing  either  to  a  difference  in  the  lengths  of  the  routes,  or  to  a  differ- 
ence  in  the  velocities  with  which   they  are  traversed,  the  time  occnjjied  by  a  wave  in  arriving  by  the  first  route 
(A)  is  less  than  that  of  its  arriving  by  the  other  (B).      It  is  clear,  then,  that  any  ethereal  molecule  placed  in 
point  common  to  the  two  routes  A,  B,  will  begin  to  vibrate  in  virtue  of  the  undulations  propagated  along 
before  the  moment  when  the  first  wave  propagated  along  B  reached  it.     Up,  then,  to  this  moment  ita  motions 
will  be  the  same  as  if  the  waves  along  B  had  no  eidstence.     But  after  this  moment,  its  motions  will  be  very 
nearly   the  sum  or  difference    of  the     motions   it  would  have   separately   in  virtue   of  the   two    undulatioiss 
each  subsisting  alone,  and    the  more    nearly,  the  more  nearly  die  two  routes  of  arrival  agree  in   tlieir  Eoa/ 
direction. 
597^  Now  it  may  happen,  that  the  diiference  of  the  lengths  of  the  routes  or  the  difference  of  velocities  is  such,  tliit 

Ctseof        the  waves  propagated  along  B  shall  reach  the  intersection  exactly  one-half  an  undulation  behind  the  others,  uf, 
complete      later   by  exactly  half  the  lime  of  a   wave  running  over  a  space  equal  to  a  complete  undulation.     In   thatCaKt 
diicorJance  n^^  molecule  which  in  virtue  of  the  vibrations  propagated  along  A  would  (at  any  future  instant)  beiaOM 
phase  of  its   excursions   from   ils    point  of  rest,  would,  in  virtue  of  those  propagated  along-  B,  if  wibttstnf 
alone,  be  at  the  same  instant  in  exactly  the  opposite  phase,   l  f.  moving  with   equal   velocity  in   the  CQQtfvy 
direction.     (See  Art.  570.)     Hence,  when  both  systems  of  vibration  coexist  the  motions  will  constantly  destroy 
each  other,  and  the   molecule  will   remain  at  rest.     The  same  will   hold  good  if  the  difference  of  roatesoi 
velocities  be  such,  that  the  vibrations  propagated  along  B  shall  reach  the  intersection  of  the  routes  exadly 
|,  ^,  1^,  &c,  of  a  complete  period  of  undulation  after  those  propagated  along  A;   for  the  similar  phases  of  ribm* 
tiou  recurring  periodically,  and  being  (by  hypothesis)  continually  repeated  for  an  indefinite  time,  it  is  nomatUr 
whether  the  first  vibration  propagated  along  B  be  superimposed  on,  or  interfere  with  (as  it  is  called)  the  first  0^ 
any  subsequent  one  propagated  along  A,  provided  the  difference  of  their  phases  be  the  same. 
598^  On  llie  other  hand  it  may  happen,  that  the  waves  propagated  along  B  do  not  reach  the  intersection  till 

Case  of        exactly  one,  two^  or  more  whole  periods  after  the  corresponding  waves  propagated  along  A.     In  this  case,  thf 
complete       molecule  at  the  intersection  will,  at   any  instant   subsequent  to  the  time  of  arrival   of  the  6rst  wave  along  B, 
tccortiance,  |jg  agitated  at  once  by  both  vibrations  in  the  same  phase,  and  therefore  the  velocity  and  amplitude  of  it*  eicur- 
sions  will,  instead  of  being  destroyed,  be  doubled. 


458  LIGHT. 

Light     of  any  anumed  molecule  (M)  at  the  instant  /.    Let  V  represent  the  Telocity  of  Ught,  and  X  the  la^ 
•v^^  of  an  undulation,   and  Z  Uie  distance  run  over  by  light  in  the  time  <.     Then  will  d  =  V  <  and  XsTT.  ^ 

t         5 
and  consequently  —  =::  — .     Suppose  v^  to  represent  the  velocity  of  a  vibrating  molecule  at  the  origfai  of  the 

ray  at  the  instant  t,  then  will  v^  =  a .sin(  2  w . —  \z=  a,  sin  (  2  w  ~\     But  the  molecule  M  mofcs oaiy 

by  an  impulse  communicated  to  it  from  the  origin,  and  therefore  all  its  motions  are  later  than  those  at  the  origia 
by  a  constant  interval  equal  to  the  time  requir^  for  light  to  run  over  the  distance  of  M  from  the  origin.    Cell 

D  D 

D  that  distance,  then  -rr-  is  the  interval  in  question,  and  t ^  is  the  time  elapsed  at  the  instant  <.  aiDee  the 


(^> 


molecule  commenced  its  periodic  motions ;  therefore  its  velocity  v  must  =  a  .  sin  f  2  ^r     "       V    |,  and  cea- 

sequently  C  =  -  — ,  or  D  =  -  V  C. 

Hence  we  see  that  the  distance  of  the  molecule  M  irom  the  origin  of  the  ray,  is  equal  to  the  space  described  hj 
Light,  in  a  time  represented  by  the  arbitrary  constant  C,  and  is  therefore  given  when  C  is  so,  and  vice  venSi, 
610,  CoroL     Since  V  T  =  X  the  expression  for  the  velocity  becomes 

V  =:a .  sm  2  9r . f  — -—  I  :=  a  .  sm  2  n*  f  — 1  and  similarly  j?  =s  a.  cos  2  v  f  — - —  1 

^IL  Proposition.     To  determine  the  colour,  origin^  and  intensity  of  a  ray  resulting  from  the  interftrence  af  taa^ 

f**^^*  °'  similar  rays,  differing  in  origin  and  intensity. 

fering  rays       Let  a*  and  a*  be  the  intensities  of  the  rays,  or  a,  a'  their  amplitudes  of  vibration,  and  take  a  =«.  ^  g^ 
investigated  fjj  ^^z  a' ,  'v/lETthen,  if  we  put  0  for  the  phase  of  vibration  of  a  molecule  M  at  the  instant  i  which  it  woaldbei^^ 

in  virtue  of  the  first  system  of  vraves  (A),  and  ^  -j-  A:  for  its  phase,  in  virtue  of  the  other  (B),  -— .  T  wiUnpr^. 

2  w 

sent  the  time  taken  by  light  to  run  over  a  space  equal  to  the   interval  of  their  origin,  and  the  veiociticy 
and  distances  from  rest  which  M  would  have,  separately  at  the  instant  U  in  virtue  of  the  two  rays,  will  be 

v  =:  a  .  sin  0  ;  t/  =  a'  .  sin  (^  +  A:),  and  j?  =  a .  cos  0\  a/  :=^a! ,  cos  (0  -f-  k). 
Therefore,  in  virtue  of  the  resulting  ray,  it  will  have  the  velocity 

t?  +  t/  =  a  .  sin  ^  +  o' .  sin  (^  +  A:),  and  J?  +  j/  =  a .  cos  ^  +  a' .  cos  (^  -f  jfc). 

Let  the  former  be  put  equal  to  A .  sin  {9  +  B),  the  possibility  of  which  assumption  will  be  shown  by  our 
being  able  to  determine  A  and  B,  so  aar  to  satisfy  this  condition.     Then  we  have 

(a  -f-  **'  •  cos  k)  sin  0  '\'  a'  .sink  ,  cos  ^  =  A  .  cos  B  .  sin  t?  -f-  A  .  sin  B  .  cos  0, 
and  equating  like  terms, 

A  .  cos  B  =:  a  -f-  '^  •  cos  k ;  A  .  sin  B  =  a' .  sin  A", 
whence  we  get,  dividing  one  by  the  other. 


a' .  sin  k        .        oi  .  sin  k 


_  a    .  Mil  K  .  a   ,  Mu  K  /— ; ; ; r— 

tan  B  =  —-— ; ;  A  =:  -  .    „    =  v  <^  -  2  a  a' .  cos  A:  +  a'« 

a-f-a  .  cosAr  sin  B 

and  these  values  being  determined,  A  and  B  are  known,  and,  therefore,  v  -^  i/  =z  A  .  sin  (^  -f"  B)«  Similariy, 
if  we  put  uP  +  j/  =  A' .  cos  {0  -f-  B')  we  obtain  values  of  A'  and  B'  precisely  similar,  writing  only  a  a'  for «,«' 
respectively. 

612.  CoroL  1.  Hence  we  conclude,  1st.  that  the  resultant  ray  is  similar  to  the  component  ones,  and  has  the  sine 
period,  i.  e.  the  same  colour. 

613.  CoroL  ^.  M.  Fresnel  has  given  the  following  elegant  rule  for  determining  the  amplitude  and  origin  of  the 

Fresoers  ^/ 

theorem.       resultant  ray,  which  follows  immediately  from  the  value  of  A  and  the  equation  sin  B  =  — -.  sin  R  above  iuuid. 

A. 

Construct  a  parallelofrram,  havinj^  its  adjacent  sides  proportional  to  the  amplitudes  a,  a'  of  the  component  nis. 
and  the  angle  between  them  measured  by  a  circular  arc  to  radius  unity,  equal  to  the  dilferences  of  their  phases, 
then  will  the  diagonal  of  this  parallelogram  represent  on  the  same  scale  the  amplitude  of  the  resulting  ny, 
and  the  angle  included  between  it,  and  either  side  will  represent  the  difference  of  phases  between  it  awl 
the  ray  corresponding ;  or,  which  comes  to  the  same  thing,  the  difference  of  their  origins  (when  reduced  w 
space.) 
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Suppose  now  two  systems  of  waves,  or  two  rays  coincident  in  direction,  to  interfere  with  each  other.  If  we  1 
accent  the  letters  of  the  above  expressions  to  represent  corresponding  quantities  for  the  second  system*  we  ^ 
shall  have 

X  s::  x  +  x^  ^  a.  oos  (0  -j-p)  +  of  .cos  (0  -j-p')        '\ 

Y  =  y  +  y  =:  6  .  cos  (^  +  9)  +  6'  .  cos  (0  -f-  90  }-         (6) 

Z  =  2  +  2'  =  c  .  cos  (0  +  r)  +  c'  .  cos  (^  +  rO         ^ 

and  similarly  for  the  velocities  u-j-u^v -j- i/^  w-j-  v/.     In  the  same  manner,  then,  as  we  proceeded  in  the 
of  two  similar  rays,  let  us  suppose 

a  .  cos  ((?  +  ;i)  -f  tf'  .  cos  (^  +  /lO  =  A  .  cos  (^  +  P) 
and  developing 

(a  .  cosp  -^  i/  •cos  p')  cos  0  —  (a  .  sin  p  -^  a' .  sin  //)  sin  0  =  A  .  cos  P  .  cos  ^  —  A .  sin  P .  sin  0^ 
whence  we  get 

P  _    g .  sin  J?  -|"  ^^ '  sin  y  ^    a.  sin/» -f- a',  sin// 

a  ,  cosp  +  «' .  cos/?'  »        ""  sin  P  ^  j     (7) 

or,  A=  'v^rt*  -f-  ?  a  a' .  cos  (/I  -  //)  +•«'• 


)■ 


Thus  we  have  X  =  A .  cos  (^  +  P),  and,  similarly,  Y  =:  B  .  cos  (^  -f  Q),  and  Z  =:  C .  cos  (^  +  R),  and  aprooeas 
exactly  similar  gives  us  the  corresponding  expressions  for  the  velocities. 

620.  Thus  we  see  that  the  same  rules  of  composition  and  resolution  apply  to  dissimilar  as  to  similar  vibratioitt. 
Composi-  Each  vibration  must  first  be  resolved  into  three  rectilinear  vibrations  in  three  fixed  planes  at  right  angles  to  each 
^**Vt^  other.  These  must  be  separately  compounded  to  produce  new  rectilinear  vibrations  in  the  coordinate  planes* 
oTvibra  "  ^hich  together  represent  the  resulting  elliptic  vibration,  and  will  have  the  same  period  as  the  component  ones. 
tions  gene-  By  inverting  the  process,  a  vibration  of  this  kind  may  be  resolved  into  any  number  of  others  we  please,  having 
rtlly.           the  same  period. 

621.  A  great  variety  of  particular  cases  present  themselves,  of  which  we  shall  examine  some  of  the  principal.  And 
Case  of  in-  first,  when  the  interfering  vibrations  are  both  rectilinear. 

oTiwtill-  Since  the  choice  of  our  coordinate  planes  is  arbitrary,  let  us  suppose  that  of  the  x,  y  to  be  that  in  which  both 
nearYibra-  ^^  vibrations  are  performed.  Of  course  the  resulting  one  will  be  performed  in  the  same.  Therefore  we  may 
tions  put  2  =  0,  or  c  =  0,  c^  ^  0,  and  content  ourselves  with  making 

X  — a.  009(0 +p);  y  =  b.  cos  (0  +  p)         ^ 

0/=  a^.cos(^+/>');  y'  =  y.cos(^+//)         J' 

X  J 

The  resul-    because  —  and  —r  are  constant  in  this  case,  and  X,  Y,  A,  B,  P,  Q,  denoting  as  in  the  general  case,  we  have 
tant  vibra-  y  y 

"^^l^^""  X  =  A.co8(e?  +  P);    Y=B.cos(^+Q)5 

elliptic.        and,  by  elimination  of  0^ 


(4J+(-^J-^-(^-^>xr=«^"(^   ^>'^ 


(9) 


where  A,  B,  P,  Q,  are  determined  as  in  equations.  (7.)  In  the  general  case,  then,  the  resulting  vibration  is 

elliptic. 
622.  The  ellipse  degenerates  into  a  straight  line  by  the  diminution  of  its  minor  axis  when  P  s  Q.    Now  this  givei 

Case  when   tan  P  =  tan  Q,  or 

theresuU  a .  sin  o  +  o' .  sinp*  6  .  sin p 4- 6'.  sin// 

Untisrec-  ^  ,'     ; ^   =  . -TT^ ^ 

lilioetr.  o, .  cos  /?  -|-  o  .  cosp'  6 .  cosp  -|-  6  .  cosp' 

which,  reduced,  takes  the  form 

'Riere  are,  therefore,  two  cases,  and  two  only  in  which  the  resulting  vibration  is  rectilinear.     The  first,  when 
p  —  //  =  0,  or  when  the  component  vibrations  have  a  common  origin,  or  are  in  complete  accordance ;  the 

Case  when  Other,  when  —  =  -rr-,  that  is,  when  they  are  both  performed  in  one  plane,  and  in  the  same  direction.     For  if 
their  direc- 
tions coin-    we  call  m  and  m'  the  amplitudes,  and  '^,  ^^  the  angles  they  make  with  the  axis  of  the  «,  we  have 
cide. 


a  =:  m  .  cos 


^  ;  6  s=  m  .  sin  ^  ;  a'  =  m' .  cos  Y^ ;  fc'  =  m' .  sin  ^. 


(50  that  the  above  equation  is  equivalent  to  tan  Y^  =  tan  Y^',  or  Y^  =  Y^. 
628.  ^^  \Mxx  case  we  have  already  fiilly  considered.    In  the  former,  we  have  cos  (p  —  p')  ==  0,  and,  therefaps» 

A  =  a-|-a';  8  =  6+6';  P=p;  Q=p, 
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these  elements,  and  in  each  of  which  the 
"  than  in  the  precedinp",  so  that  (for  fnsta 

that  the  vihrations  which  reach  X  siniultaneously  from  the  corre.sponding-  portions  of  any  two  consecutive  on 
as  of  A  B  and  B  C,  will  he  in  exactly  opposite  phases ;  and,  therefore,  were  they  of  equal  intensity,  and 
precisely  the  same  direction,  would  interfere  with,  and  destroy  each  other.  Now,  first,  with  reg'ardl  to  th 
intensity,  this  depends  on  the  mag-nitudes  of  tlie  elements  of  the  wave  A  B,  from  which  they  are  derived,  andc 
the  law  of  lateral  propag-alion.  Of  the  latter,  we  know  little,  (l  priori ;  but  all  the  phenomena  of  light  iod 
a  very  rapid  diminution  of  intensity,  as  the  direction  in  which  the  secondary  undulations  are  propagated  devialeil 
from  that  of  the  primary.  With  respect  to  tlie  former,  it  is  evident  that  the  elements  in  the  immediate  vidnltj'  1 
of  the  perpendicular  A  X,  corresponding  to  a  g^iven  increment  dfof  the  distance  from  X,  are  much  lar^r  thim*] 
those  remote  from  it ;  so  tliat  all  the  elements  of  the  portion  A  B  are  much  larg-er  than  those  in  B  C,  and  these 
again  than  in  those  of  C  D,  and  so  on»  Thus  the  motion  transmitted  to  X  from  any  element  in  A  B  niU  bt 
much  |jjeater  than  that  from  the  correspond inp^  one  in  B  C,  and  that  again  greater  thaji  that  from  the  element  ifl 
C  D,  and  so  on.  'llius  the  motion  arriving-  at  G,  from  the  whole  series  of  corresponding"  elements,  will  be  reprt^ 
rented  by  a  series  such  asA  —  B  +  C  —  D-fE  —  F-f  &c.,  in  which  each  term  is  successively  greater  thto 
that  which  follows.  Now  it  is  evident  that  the  terms  approach  with  great  rapidity  to  equality ;  for  if  we  consider 
any  two  corresponding  elements  as  jVI,  N  at  a  distance  from  A  at  all  considerable^  tlie  angles  X  M  and  X  N  make 
with  the  suriace  approach  exceedingly  near  to  equality,  so  that  the  obliquity  of  the  secondary  wave  to  the  pri- 
mary»  and  of  course  its  intensity,  compared  with  that  of  the  direct  wave>  is  very  nearly  alike  in  both  ;  and  the 
elements  M,  N  themselves,  at  a  distance  from  the  perpendicular,  approach  rapidly  to  equality,  for  the  elementm 
triangles  M  mo,  M  up  are  in  this  case  very  nearly  similar,  and  have  their  sides  mo,  np  equal  by  hypothe^in. 
Finally,  the  lines  M  X,  N  X  approach  nearer  to  each  other  in  direction  so  as  to  produce  a  more  complete  inter* 
ference,  as  their  distance  from  A  is  greater, 

'rims  we  see  that  the  terms  of  the  series  A— B-hC  —  D-|-  &c.,  at  a  distance  from  its  commencemeDt, 
liave  on  all  accounts  (viz,  their  smallness,  near  approach  to  equality,  and  disposition  to  interfere)  u 
extremely  small  influence  on  its  value ;  and  as  the  same  is  true  of  every  set  of  corresponding  elements  into 
which  the  portions  AB,  B  C»  &c.  are  divided,  it  is  so  of  their  joint  eflectj  so  that  the  motion  of  the  molecule  X  is 
governed  entirely  by  that  of  the  portion  of  the  wave  ABC  immediately  contiguous  to  A,  the  seeondary  Tibnitioiis 
propagated  from  parts  at  a  distance  mutually  interfering  and  destroying  each  others  effect. 

It  is  obvious,  that  in  the  case  of  refraction  or  reflexion,  we  may  substitute  for  the  wave  AM  tbe 
refracting  or  reflecting  surface ;  and  for  tlie  perpendicular  X  A  the  primary  refracted  ray,  when  the  same  things, 
mutath  muiandis^  will  hold  good*  See  M,  Fresnefs  Paper  entitled  ExpUeaiion  de  la  Refraction  dam  U 
Syfiteme  des  Ondes,  published  in  the  Bulletin  de  la  Societe  Pkilomaiique,  October,  182  L 

This  is  the  case  when  the  portion  of  the  wave  A  B  C  D  whose  vibrations  are  propagated  to  X  is  unlimited, 
or  at  least  so  considerable,  that  the  last  term  in  the  series  A  —  B  +  C  —  &c.  is  very  minute  compared  with  tk 
first.  But  if  this  he  not  the  case,  as,  if  the  whole  of  a  wave  except  a  small  part  about  A  be  intercepted  by  an 
obstacle,  the  case  will  be  very  differeut.  It  is  easy  on  tliis  supposition  to  express  by  an  integral  the  intensity  of  tbe 
nndnlatory  motion  of  X,  compared  with  what  it  would  be  on  the  supposition  of  no  obstacle  existing.  Forthii 
purpose,  let  d*  »  be  the  magnitude  of  any  vibrating  element  of  the  surface,  /  its  distance  from  X  =  M  X,  and  let 
<p{0)  be  the  function  of  the  angle  made  by  a  laterally-divergent  vibration  with  the  direct  one,  which  expresses  it$ 
relative  intensity,  and  which  is  unity  when  $  ^z  0^  and  diminishes  with  great  rapidity  as  0  increases.  Then  if  t 
be  the  time  since  a  given  epoch,  X  ^x   the  length  of  an  undulation,  S  A  =  a,  the  phase  of  a  vibration  arriviog' 


/ t          a +/\ 
at  X  by  the  route  S  M  X  will  be  2  ^r  I  — ^-^  J,  and  the  velocity  produced  in  X  thereby  will  be  reppe— 

f  — '  —  — XZ  \    so  that  the  whole  motion  produced  will  be  represenltd  ty 


seated  by  a  .  d*  «  .  0  (0)  .  sin  2 


632, 


//a,  ii»»,  0  (0)  .  sin  2^ 

the  Integral  being  extended  to  the  limits  of  the  aperture. 

Corol  L  If  but  a  verj  small  portion  of  the  wave  be  permitted  to  pass,  as  in  the  case  of  a  ray  inuismitt«i 
through  a  very  small  hole,  and  received  on  a  distant  screen,  0  and  0  (0)  are  veiy  nearly  constant,  so  thfti  the 
motion  excited  in  X  is  in  this  case  represented  by 

«  .  0  {fl)//rf' ,  .  Bin  2 -■  {^  -  -^4^  ]  . 
We  shall  have  occasion  to  revert  to  these  expressions  hereafbr. 


J  IV.  Of  the  Col<mr9  of  Thin  Plates. 


633,  Every  one  is  familiar  with  the  brilliant  colours  which  appear  on  soap-bubbles ;  with  the  iridescent  hoes 

General       produced  by  heat  on  polished  steel  or  copper  ;  with  tliose  fringes  of  beautiful  and  splendid  colours  which  i 
iceount  of  In  the  cracks  of  broken  glass,  or  between  the   laminse  of  fissile  minerals,  as  Iceland  spar,  mica,  sulphate  i 
the  plicno*  y^^^^  ^     |^  ^|j  these,  and  an  infihite  variety  of  cases  of  the  same  kind,  If  the  fringes  of  colour  be 
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with  care  they  will  be  found  to  consist  of  a  repfular  succession  of  hues,  disposed  in  the  same  order,  and  deter- 
muied,  obviously,  not  by  any  colour  in  the  medium  itse!f  in  wfiich  they  are  formed,  or  ou  whose  surfaces  they 
appear,  but  solely  by  its  greater  or  less  thickness.  Thus  a  soap-bubble  (defended  from  currents  of  asr  by  being 
placed  under  a  glass)  at  first  appears  uniformly  white  when  exposed  to  tlie  dispersed  light  of  the  sky  at  an  o|)en 
window;  but,  as  it  grows  thinner  and  thinner  by  the  subsidence  of  its  particles,  colours  begin  to  appear  at  its 
top  where  thinnest,  which  grow  more  and  more  vivid,  and  (if  kept  perfectly  still)  arrang^e  themselves  in  beautiful 
horizontal  zones  about  the  hi^^^hesl  point  as  a  centre.  This  point,  when  reduced  to  extretne  tenuilv,  becomes 
blacky  or  loses  its  power  of  reflecting  light  almost  entirely.  Aller  which  the  buhble  speedily  bursts,  its  cohesion 
at  the  vertex  facing  no  longer  suflTicient  to  counteract  the  lateral  attraction  of  its  parts. 

But  as  it  is  a  matter  of  great  delicacy  to  make  regular  observations  on  a  thing  so  fluctuating  and  uumanage- 
able  as  a  soap-bubble,  the  following  method  of  obsening  and  studying  the  phenometia  is  far  preferable.  Let  a 
convex  lens,  of  a  very  long  focus  and  a  good  polish,  be  laid  down  on  u  plane  glass,  or  on  a  concave  glass  Ipns 
having  a  curvature  somewhat  less  than  the  convex  surface  resting  on  it ;  so  that  the  two  shall  tonch  in  but  a 
single  point,  and  so  that  the  interval  separating  the  surfaces  in  the  snrroimding  parts  shall  be  exceedingly  gWc^. 
small.  If  the  suriaces  be  very  careftilly  cleaned  from  dust  before  plaeing  them  together,  and  the  combination  be 
Uid  down  before  an  open  window  in  full  daylight,  the  point  of  contact  will  be  seen  as  a  black  spot  in  the  general 
reflexion  of  the  sky  on  the  surfaces,  surrounded  with  rings  of  vivid  colours,  A  glass  of  10  or  12  feet  focus 
laid  on  a  plane  glass,  will  show  them  very  well.  If  one  of  shorter  focus  be  used,  the  eye  may  be  assisted  by  a 
magnifying  glass.     The  following  phenomena  are  now  to  he  attended  to  : 

Phenomenon  L    The  colours,  whatever  glasses  be  used,  provided  the  incident  light  he  w^hite,  always  succeed       635. 

each  other  in  the  very  same  order;  that  is,  beginning  with  the  central  black  spot,  as  follows;  Order  ot 

First  ring,  or  first  order  of  colours, — black,  very  faint  blue,  brilliant  white,  yellow,  orange,  red. 

Second  ring,  or  second  order, — durk  purpU  or  rather  mold,  blue,  greefh  (very  impeifect,  a  yellow-green,)     i 

vivid  yellow,  crimjton  red. 

Third  ring,  or  third  order, — purple,  hlue^  rich  gra^  ^reen,  Jtne  yellow,  pink,  crimmn. 
Fourth  ring,  or  fourth  order, ^ — i^reen^  (dull  and  bluish,)  paie  yeliounsh  pink^  red. 
Fifth  ring,  or  fitlh  order, — pale  bluish  green,  while,  pink. 
Sixth  ring,  or  sixth  ordeT,^pale  blue-p-een,  pair  pink. 

Seventh  ring,  or  seventh  order, — very  pale  bluish  green,  very  pah  pink.     After  these,  the  colours  become  so 
ftint  that  they  can  scarcely  be  distinguished  from  white. 

On  these  we  may  remaj-k,  that  the  green  of  the  third  order  is  the  only  one  which  is  a  pure  and  full  colour,  that  of 
the  second  being  hardly  perceptible,  and  of  the  fourth  comparatively  dull  and  verging  to  appkvgreen  ;  the  yellow 
of  the  second  and  third  order  are  both  good  colours,  but  that  of  the  second  is  especially  ridi  and  splendid  ;  that  of 
first  being  a  fiery  tint  passing  into  orange.  The  blue  of  the  first  order  is  so  faint  as  to  be  scarce  sensible, 
,  of  the  second  is  rich  and  fiill,  but  that  of  the  third  much  inferior ;  the  red  of  the  tirst  order  hardly  deserves 
'  th^  name,  it  is  a  dull  brick  colour;  that  of  the  second  is  rich  and  full,  us  is  also  that  of  the  third  ;  but  they  all 
^^gjge  to  crimson,  nor  does  any  pure  scariet,  or  prismatic  red,  occur  in  the  whole  series. 

^^BpAewowieTiOTi  2.  The  breadths  of  the  rings  are  unequal.    They  decrease,  and  the  colours  l)ecome  more  crowded, 

^^B^they  recede  from  the  centre,     Newton  (to  whom  we  owe  the  accurate  description  antl  investigation  of  their  b^eTjtf,^'"* 

pH^aomena)  found  by  measurement  the  diameters  of  the  darkeJtt  (or  purple)  rings,  just  when  the  cezttral  black  the  rings 

*poi  began  to  appear  by  pressure,  atul  reckoning  it  as  one  of  them  to  be  as  the  square  roots  of  the  even  numbers  and  thick- 

^»   2,  4^  6,  &c, ;  and  those  of  the  brightest  parts,  of  the  several  orders  of  colours,  to  be  as  the  square  roots  of  the  "<^'^s^*  ai 
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Law  of  the 


which  they 
^^at  iji  proportion  to  the  diameters  of  the  rings,  it  follows  from  this  that  tlie  intervals  between  the  surfaces  at 


JO<lcl  numbers   1,  3,  5,   7,  &c-     Now  the  surtaces  in  contact  being  spherical,  and  their  radii  of  cnrvaliire  very 


l^he  alternate  points  of  greatest  obscurity  and  iilumitiation  are  as  the  natural  numbers  themselves  0,  1,2,  a,  4, 

1  fc^C,    Tlie  same  measurements,  when  the  radii  of  curvature  of  the  contact  surfaces  are  known,  give  the  absolute 

***^gnitude8  of  tfte  inter\'als  in  question.      In  fact,  if  r  and  /  be  the  curvatures  of  two  spherical  surfaces,  a  convex 

*i^d  concave,  in  contact,  and  D  the  diameter  of  any  ammlus  siurounding  their  point  of  contact,  the  interval  of 

^»e  surfaces  there  will  be  the  difference  of  the  versed  sines  of  the  two  circular  arcs  having  a  conmiou  chord  D. 

Now  (fig.  130)  if  A  E  be  the  diameter  of  the  convex  spherical  surface  A  D,  we  have  E  A  :  A  D  ; ;  A  D  :  D  B 


AD^ 
AE 


8 


r,  and  in  like  manner  B  C  ^ 


8 


1 

K,  so  Ih&t W*  {r-  /}  =  D  C,  tlie  interval  of  the 

o 


at  the  point  D.     Thus  Newton  found,  for  the  interval  of  the  surfaces  at  tlte  briglitest  part  of  the  first 
p»  one  17B00Odth  part  of  an  inch  ;   and  this  distance,  multiplied  by  the  even  natural  ntuubers  0,  2,  4,  6,  8,  &c, 
their  distance  at  the  black  centre  and  the  darkest  parts  of  the  purple  rings,  and  by  the  odd  ones  1,  3,  5,  Sue, 
fteir  intervals  at  the  brightest  parts. 

Phniomenon  3.  If  the  rings  be  formed  between  spherical  glasses  of  various  curvatures,  they  will  be  found  to      638, 
Ijc  lanrcr  as  the  curvatures  are  smaller,  and  vice  vernd  ;   and  if  their  diameters  be  measured  and  compared  witii  InvariaWe 
the  radii  of  the  glasses,  it  will  be  found,  that,  provided  ttie  eye  be  similarly  placed,  the  mme  (y^lmir  in  invariably  [^'^'^^"j^*' 
produeed  at  thnt   ftoini,  or  that  distance  from  the  centre  where  the  interval  between   the  mnface^   is  the  same,  ^olo^n  and 
Thus,  the  white  of  the  first  order  is  invariably  produced  at  a  thickness  of  one  178000th  of  an  inch  ;  the  purple,  thicknevscs 
which  forms  the  limit  of  the  first  and  second  orders,  at  twice  that  thicktiess.     So  that  there  is  a  constant  reia-  «f  plate*. 
lion  between  the  tint   seen  and   the  interval    of  the  surface^  where  it  appears.     Moreover,   if  the   glasses   be 
distorted    by  violent    and   unequal  pressure,    (as  is  easily  done   if  thin  lenses  be  used,)   the  rings   lose   their 
circular  figtire,  and  extend  tliemselves  towards  the  part  where  the  irregular  pressure  is  applied,  so  as  to  form  a 
ies  of  levt'l  lines   each  marking  out  a  series  of  poitits  where  the  surfaces  are  equidistant.     Thus,  loo,  if  a 
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LIGHT. 


Light,      cylinder  be  laid  on  a  plaTic,  the  rings  pass  into  straig-hl  lines  arranged  paraJIel  to  its  line  of  contact,  but  following  jy 
-«^^^'— ^^  the  same  law  of  distance  from  that  line  as  the  rinfrs  from  their  dlark  centre,  and  if  the  glasses  be  of  irreguUr  ^ 
curvature,  as  bits  of  window  glas!^»  tlie  bands  ol  colour  will    follow  all  their  inequalities;    yet    niore^  if  the     | 
pressure  be  very  cautiously  relieved,  so  as  to  lift  one  glass  from  the   other,  Ihe  central  spot  will   shrinlc  &iid 
disappear  and  so  on  ;    each  ring  in  succession  contracting  to  a  poinr,  and  then  vanishing,  so  as  to  bring  all  the 
more  distant  colours   successively  to  the  centre,  as  the  glasses  recede  from   absolute  contact.      From  all  tlieie 
phenomena  it  h  evident,  that  it  is  the  distance  between  the  surfaces  only  at  any  point  which  determines  tbt     ' 
colour  seen  there, 
639 »  Phe7iompnon  4.     This  supposes,  however,  that  we  observe  them  with  the  eye  similarly  placed,  or  at  iht  vam 

Effect  of      UJigk  of  obliquity.     For  if  the   obliquity  be  changed  by  elevating  or  depressing  the  eye,  or  the   glasses  T    " 
obliquity  of  diameters  (but  not  the  colours)  of  the   rings  will  change.     As  the  eye  is  depressed,  the  rings  enlarge;  aitd  1 
locitleuce,     same  tint  which  before  corresponded  to  an  interval  of  the   178000th  of  an  inch,  now  corresponds  to  a  greats 
intervah     This  distance  (T-yVSV^i)  i**  determined  by  measures  taken  nearly  at,  and  reduced  by  calculation  exadij 
to,  a  perjiendioular  incidence*     At  extreme  obliquities,  however,  Ibe  diameters  of  the  several  rings  su^r  onljij 
certain  finite  dilatation,  and  Newton's  measures  led  him  to  the  following  rule  :  viz.  "  That  the  intcrvat 
the  m/rfoces  at  which  any  proposed  tint  P  proditet'd,  i$  proportional  to  (he  recant  of  an  an^le  whoit  nine  ii  I 
first  of  lPf»  ariihmeiirai  mran  proportionate  between  itie  sines  of  incidence  and  refraction^  into  the  gtaxxfixm  fltt* 
<7?V,  or  other  medium  inrhtded  between  the  mtrfacex,  hc^innin^  with  the  greater  ;**  or,  in  algebraic  language^  the 
relative  index  of  refraction  being  ^,  and  0  the  angle  of  incidence,  and  />  that  of  refraction  of  the  ray  a$  it  passes 
out  of  the  rarer  medium  into  the  denser ;  then,  if  t  be  the  interval  corresponding  to  a  given  tint  at  the  obliqu* 
incidence  0,  and  T  at  a  perpendicular  incidence,  we  shall  have 


tarn    i 


/  :^  T  ,  sec  u  where  sin  w  =  sin  0  -—  —  (sin  0  —  sin  p} 


but  sin  /J  =  — 


sin  6,  consequently  we  have 


i=T. 


sec  v ;  sm  n  := 


106  4-  — 


sin  ^ .  = 


106^+  I 


,  sin^. 


107  107  /« 

640,  To  §ce  the  rings  eoiiveniantly  at  extreme  obliquities,  a  prism  maybe  used,  laid  on  a  convex  lens,  as  in  %.  IS?- 

Fif .  13'2.     If  the  eye  be  placed  at  K,  the  set  of  rings  formed  about  the  point  of  contact  E  will  be  seen   in  the  direclior* 
Rings  lecn  K  H,  and  as  the  eye  is  depressed  towards  the  situation  I,  where  the  ray  IG  intromitted  from  I  would  justbefii* 
ibrough  ft     iQ  sufler  total  reflexion,  the  rings  are  seen  to  dilate  to  a  certain  considerable  extent.     When  the  eye  reachesT* 
the  upper  half  of  the  rings  disappears,  being  apparently  cut  off"  by  the  prismatic  iris  of  Art.  55^,  which  issec^- 
in  that  situation,  but  the  black  central  spot  and  the  lower  half  of  the  rings  remains ;  but  when   the  eye  ia  still 
further  depressed  the  rings  disappear,  and  leave  the  central  spot,  like  an  aperture  seen   in  the  silvery  whitene?^ 
of  the  total  reflexion  on  the  base  of  the  prism,  and  dilated  very  sensibly  beyond  the  size  of  the  same  spot  see*. 
in  the  position  K  H  :  llius  proving,  that  the  want  of  reflexion  on  that  part  of  the  base  extends  beyond  the  limits 
of  ab^fotute  contact  of  the  glasses,  and  that,  therefore,  the   lower  surface  interferes  with  the  action  of  the  opptf^ 
and  prevents  its  reflexion  while  yet  a  finite  interval   (though  an  excesMvely  minute  one)   intervenes  betwwi^ 
them.     Euler  has  made  this  an  objection  to  the  undulatory  theory,  but  the  objection  rests  on  no  solid  groaiidii-. 
as  it  is  very  reasonable  to  conclude,  that  the  change  of  density  or  elasticity  in  the  ether  within   and  without  »- 
medium  is  not  absolutely  per  mftum^  but  gradual.     If  so,  and  if  the  change  take  place  without  the  media,  tb^ 
approach  of  two  media  within  that  limit,  within  which  the  condensation  of  the  ether  takes  place,  will  alter  tb^ 
law  of  refraction  from  either  into  the  intenal  separating  them. 
^41^  In  order,  however,  to  see  to  the  greatest  advantage  the  colours  reflected  by  a  plate  of  air  at  great  obliqaitw** 

Fringes        the  following  method,  first  pointed  out  by  Sir  William   Hernchel,  may  be  employed.     On  a  perfectly  plane  glii^ 
«c«awhena  or  metallic  mirror,  before  an  open  window,  lay   an   equilateral   pnsnj,  having  its  base  next    the  glass  ornuiTOf 
pmm  IS       ^,gj.y  |^]y  plane,  and  looking  in  at  the  side  A  C,  fig,  133,  the  reflected  prismatic  iris,  a^  b,  c,  will  be  seen  as  oaol 
pluieeUss    '"  ^^^  direction  E  F,  where  a  ray  from  E  would  just  be  totally  reflected.     Within  this  iris,  and  arranged  paralW 
Fif.  133.  '  to  it,  are  seen  a  number  of  beautiful  coloured  fringes,  whose  number  and  distances  from  each  other  vary  with 
every  change  of  the  pressure  ;    their  breadths  dilating  as  the  pressure  is  increased,  and  rice  vendi.     They  ^^^ 
require  for  their  formation,  that  the  surfuces  should  be  exceedingly  near,  being  seen  very  well  when  the  prbmii 
separated  from  the  lower  surfaces  by  the  thickness  of  thin  tissue  paper,  or  a  fine  fibre  of  cotton  wool  iaterposid, 
but  in  this  case  they  are  exceedingly  close  and  numerous.     If  the  pressure  be  moderate,  they  are  ncjrly  cqcu- 
distant,  and  are  lost,  as  it  were,  in  the  blue  iris,  without  growing  sensibly  broader  as  they  approach  iL     AitJK 
intervals  of  the  surfaces  is  diminished,  they  dilate  and  descend  towards  the  eye*  appearing,  as  it  were,  to  cami 
down  out  of  the  iris.     They  do  not  require  for  their  formation  a  perfect  yiolish  ui  the  lower  surface.    An  emeried 
glasa,  so  rough  as  to  reflect  no  regular  image  at  any  motlerate   incidence,  shows  them  very  well.     The  experi- 
ment  is  a  very  easy  one,  and  the  phenomena  so  extremely  obvious  and  beautiful,  that  it  is  surprising  it  ahoulii 
not  have  been  noticed  and  described  by  Newton,  especially  as   it  aflbrds   an  excellent  illustration  of  hi&  Uw 
above  stated      To    understand  this,  let  EH,  E  K,  EL  be  any  rays  from  E  incident  at  angles  somewhat  less 
than  that  of  total  reflexion  on  the  base;  they  will  therefore  be  refracted,  and,  emerging  at  the  base  BC,  will  be 
reflected  at  M  N,  (the  obliquity  of  the  reflexion  being  so  great,  thut  even  rough  surfaces  reflect  copiottsly  and 
regularly  enough  lor  the  purpose.  Art.  5ri8,)  and  will  pursue  the  courses  H  D  Pp,  K  F  Q  q,  L  G  R  r,  &c  enKriog 
the  prism  again  at  P,  Q^  R-     Reciprocally,  then,   rays  pV,  qQ,  &c.  incident  at  P,  Q,  &c.  in  these  directioiis 
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nvimber,  and  the  more  according  to  the  de^ee  of  Lomo^neity  of  the  light,     Wlien  tins  is  as  perfect  as  pomStk^ 

as,  for  instance,  when  wc  use  the  flame  of  a  spirit  lamp  with  a  salted  wick,  as  proposed  by  Mr*  Talbot,  they  are  S 
literally  innumerable,  extending^  to  so  great  a  distance  that  they  become  too  close  to  each  other  to  be  couiit«i,of 
even  distinguisshed  by  the  naked  eye,  yet  still  distinct  on  usin^  a  nia^fnifier,  but  requiring  a  higher  and  hi^er 
power  as  they  become  closer,  till  we  can  pursue  them  no  farther,  and  disappearing  from  their  eloseoe^s^  and  not 
from  any  confusion  or  running  of  one  into  the  other.  Moreover,  they  are  now  no  longer  composed  of  rumm 
colours,  but  are  wholly  of  Ihe  colour  of  the  light  u!;ed  as  an  illumination,  being  mere  alternations  of  light  tad 
obscurity,  and  the  internals  between  them  being  absolutely  black, 

Phenommon  6.  When  the  illuminating  light  is  changed  from  one  homogeneous  ray  to  another,  as  whco^  for 
instance,  the  colours  of  tlie  prismatic  spectrum  are  thrown  in  succession  on  the  glasses  at  their  point  of  coatftct, 
at  such  an  angle  as  to  be  reflected  to  the  eye,  then,  the  eye  remaining  at  rest,  the  rings  are  seen  to  dilale  wd 
contract  in  magnitude  as  the  illumination  shifts.  In  red  light  they  are  largest,  in  violet  least,  and  in  the  iiit«r- 
mediate  colours  of  intermediate  si2e.  Newton,  by  measuring  their  diameters,  ascertained  that  the  iatenral  of 
the  gurfaces  or  thickness  of  the  jjlate  of  air,  where  the  violet  ring  of  any  order  was  seen,  is  to  its  thickneu^ 
where  the  corresponding  red  ring  of  the  same  order  is  formed,  nearly  as  9  :  14  ,*  and,  determining  by  this  meAdi 
Ihe  thickness  of  the  plate  of  air  where  the  brightest  part  of  the  first  ring  was  formed,  when  illuminated  inmm 
cession  by  the  several  rays  proceeding  from  the  extreme  red  to  the  extreme  violet,  he  ascertained  those  tliick 
nesses  to  be  the  halves  of  the  numbers  already  set  down  in  the  second  column  of  the  Table,  p.  45S»  expressed  la 

parts  of  an  inch,  and  which  answer  to  the  values  of-—,  or  the  lengths  of  a  semiundnlation  for  each  ray. 

This  phenomenon  may  be  regarded  as  an  analysis  of  what  takes  place  when  the  rings  are  seen  io  white  tiglil; 
for  in  that  case  they  may  be  regarded  as  formed  by  the  superposition  one  on  the  other  of  sets  of  ringv  of  ill  Ihft 
simple  colours,  each  set  having  its  own  peculiar  series  of  diameters.  The  manner  in  which  this  superpofltioa 
takes  place,  or  the  $ynthtns  of  the  several  orders  of  colours,  may  be  understood  by  reference  to  fig.  134,  whw 
the  abscissa?  or  horizontal  lines  represent  the  thicknesses  of  a  plate  of  air  between  two  glasses,  supposni  in 
increase  uniformly,  and  where  R  E',  R  R",  &c,  represent  the  several  thicknesses  at  which  the  red,  in  the  syrtem 
of  rings  illuminated  by  red  rings  only,  vanishes,  or  at  which  the  darkness  between  two  consecutive  red  rings  b 
observed  to  happen,  while  R  r,  Rr',  R  r",  &c.  represent  tho-^  *  which  the  brightness  is  a  maximum.  In  tiki 
manner,  let  0  0',  0  0'',  &c.  be  taken  equal  lo  the  several  thicknesses  at  which  the  orange  vanishes,  or  at  whid> 
the  black  intervals  in  the  system  of  orange  rings  are  seen,  and  so  on  for  the  yellow,  green,  blue,  indiga,  tod 
violet  rings.  So  that  R  R',  0  0^  Y  Y',  &c,  are  to  each  other  in  the  ratio  of  the  numbers  in  column  2 of 
the  above  Table,  (Art.  575.)  Then  if  we  describe  a  set  of  undulating  corves  as  in  the  figure,  aad  il 
any  point,  as  C  in  A  E,  draw  a  line  parallel  to  AV,  cutting  all  these  curves;  their  several  ordinates,  or  the 
portions  of  this  Une  intercepted  between  the  curves  and  their  abscissa,  will  represent  the  intensity  of  Uit 
light  of  each  colour,  sent  lo  the  eye  by  that  thickness  of  the  plate  of  air.  Hence,  the  colour  seen  at  that 
tliickness  will  be  that  resulting  from  the  union  of  the  several  simple  rays  in  the  proportions  repreaeoted  by  tbei 
ordinates. 

The  figure  being  laid  down  by  a  scale,  we  may  refer  to  it  to  identify  the  colours  of  particular  points.    Ths 
first  at  the  thickness  0,  or  at  A  the  origin  of  the  tints,  all  the  ordinates  vanish,  and  this  point,  therefore,  h  blacL 
As  the  thickness  of  the  plate  of  air  increases  from  0  while  yet  very  small,  it  is  evident,  on  inspection,  thai  the 
ordinates  of  the  several  curves  increase  with  unequal  rapidities,  those  for  the  more  refrangible  rays  more  rapidly 
than  those  for  the  less,  so  that  the  first  feeble  light  which  appears  at  a  very  small  thickness  A  1,  will  have  «» 
excess  of  blue  rays,  constituting  the  pure  but  faint  blue  of  the  first  order,  (Art,  635.)     At  a  greater  thickness 
however,  as  A  2,  the  common  ordmate  passes  nearly  through  the  maxima  of  all  tlie  cun^es,  being  a  little  shorttif 
that  of  the  red.  and  a  little  beyond  that  of  the  violet.     The  difTerence^  however,  is  so  srnalU  that  the  lercftl 
colours  will  all  be  present  nearly  in  the  proportions  to  constitute  whiteness,  and  being  all  nearly  at  their  nwji* 
mum,  tlie  resulting  tint  will  be  a  brilliant  white.     This  agrees  with  observation;  the  white  of  the  first  wdtf 
being,  in  fact,  the  most  luminous  of  all  j  beyond  this  the  violet  falls  off  rapidly^  the  red  increases*  and  the  ydlow 
is  nearly  at  its  maximunij  so  that  at  the  tluckness  A  3  the  white  passes  into  yellow,  and  at  a  still   greater 
thickness,  A  4,  where  the  violet,  indigo,  blue,  and  green,  are  all  nearly  evanescent,  the  yellow  falling  o£  and 
the  omnge  and  red,  especially  tlic  latter,  in  considerable  abundance,  the  tint  resulting  will  be  a  fiery  orange 
growing  more  and  more  ruddy.     At  B  is  the  minimum  of  the  yellow,  *.  c.  of  the  most  Uiminous  rays.    Here 
llien  will  be  the  most  sombre  tint.     It  will  consist  of  very  little  either  of  orange,  green,  blue,  or  even  indifo; 
but  a  moderate  portion  of  violet  and  a  little  red  will  produce  a  sombre  violet  purple,  which,  since  the  nMM 
frangible  rays  are  here  all  on  the  increase,  while  the  less  are  diminishing,  will  pass  rapidly  to  a  \'ivid  bli]e« 
the  tliickness  denoted  by  A  5.     At  6,  where  the  ordinate  passes  through  the  maximum  of  the  yellow,  tbcrt 
almost  no  red,  very  little  orange,  a  good  deal  of  green,  very  little  blue,  and  hardly  any  indigo  or  violet     " 
then  the  tint  will  be  yellow  verging  to  green,  but  the  green  is  diminishing  and  the  orange  increasing,  so  ihil 
yellow  rapidly  loses  its  green  tinge,  and  becomes  pure  and  lively.     At  7  the  predominant  rays  are  orange  and 
yellow,  being  so  copious  that  the  little  red  and  violet  with  which  they  are  mixed  does  not  prevent  the  tint  from 
being   a   rich,  high-coloured  yellow.      At  8  a  fijll  orange  and  copious  red  are  mixed  with   a  good  deal  of 
indigo  and  a  maximum  of  violet,  thus  producing  a  superb  crimson.      At  C  we  have  again  a  minimum  of 
yellow ;  but  there  being  at  the  same  time  a  maximum  of  red  and  indigo,  this  point,  though  dark  in  com^ 
parison  of  that  on  either  side,  will  etill  l>e  characterised  by  a  fine  ruddy  purple.     This  completes,  and  as  we 
see  faithfully  represents,  the  second  order  of  colours.     At  9,  10  we  see  the  origin  of  the  vivid  green  of  the  third 
order,  in  the  comparative  copiousness  of  green,  yellow^  and  blue  rays  at  the  former  pomt,  and  of  ydlow,  greea, 
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Let  tis  now  consider  what  will  happen  to  a  luminous  molecule*  the  leng^th  of  whose  fits  in  any  medium  is  (J 
which*  having  been  intromitted  perpendicularly  tit  the  first  surface^  and  traversing  its  thickness  (^  <)♦  rea<^hei  l' 
second.  First,  then,  if  we  suppose  t  an  exact  multiple  of  ^  X,  il  is  evident  that  the  muleeule  will  arrive  «t  I 
second  surface  in  precisely  the  same  phase  of  its  fit  of  transmission  as  at  the  first  Of  course  it  is  placed  ia 
the  very  same  circumstances  in  every  respect,  and  havings  been  transmitted  before  must  necessarily  be  ao  i 
Thus  every  ray  which  enters  perpendicularly  into  such  a  lamina  must  pass  through  it,  and  cannot  be  reflected  I 
its  second  surface.  On  the  other  hand,  if  the  thickness  of  the  lamina  be  supposed  an  exact  odd  multtpk  i 
^  X,  &c.  every  molecule  intromilted  at  its  first  surface  will  on  its  arrival  at  the  second  be  in  exactly  the  contnuy 
phase  of  its  fits,  and,  having  been  before  in  some  phase  of  a  fit  of  transmission,  will  now  be  in  a  similar  phase  4. 
a  fit  of  reflexion-  It  will,  therefore,  not  necessarily  be  transmitted  ;  but  a  reflexion,  more  or  less  copious,  w 
take  place  at  the  second  surfiice  in  this  case,  according  to  the  nature  of  the  medium  and  its  general  action  at' 
light.  For  it  will  be  remembered,  that  every  molecule  in  a  fit  of  reflexion  is  not  necessarily  reflected*  It  is 
disposed  to  be  so ;  but  whether  it  will  or  no,  will  depend  on  the  medium  it  moves  tn  and  that  on  which  it 
impinges,  and  on  the  phase  of  its  fit  Now  conceive  an  eye  placed  at  a  distance  from  a  lamina  of  unetjiiAl 
thickness,  so  as  to  receive  rays  reflected  at  a  very  nearly  perpendicular  incidence  from  it.  It  is  evident  thai  tn 
virtue  of  Uie  reflexion  from  the  first  Kurface,  which  is  uniform,  it  will  receive  equal  quantities  of  light  from  evm 
point  But  with  regard  to  the  light  reflected  from  the  second  the  case  is  dilTerent ;  for  in  all  those  parts  where 
the  thickness  of  the  lamina  is  an  exact  even  multiple  of  |  X,  none  will  be  reflected,  while  in  all  those  where  it  is 

\ 
an  exact  odd  multiple  of  — ,  a  reflexion  will  take  place  ;  and  since  each  molecule  so  reflected  retracet  ike  p*r'i 

%  which  it  arrived^  and  tlicrefore  describes  again  the  same  multiple  of  — ;  its  total  path  described  within  the 


lamina,  when  it  has  reached  the  first  surface  again,  will  be  an  exact  multiple  of  -^, 
trate  that  surface  and  reach  the  eye. 


and  therefore  it  will 
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In  consequence,  in  virtue  of  the  reflexion  at  the  second  surface  alone, 

lamina  would  appear  black  in  every  part  where  its  thickness  ^  0,  or  — -,or  — — ,  &c.,  and  bright  in  those  parts 

4  4 

where  its  thickness  =  — : — ,  or  -— ,  ^-^,  &c.  ad  ijifimium.     In  the  intermediate  thicknesses  it  would  haves 
4  4       4 

brig^htness  intermediate  between  these  and  absolute  obscurity  ;   so  that  on  the  whole,  the  lamina  would  appear 

marked  all  over  with  dark   and   brig^ht   alternating  friufyes,  just  as  we  see  it  actually   does  in  the  exp< 

described,  (Art,  649.)     The  uniform  reflexion  from  the  first  surface  supeq)osed  on  these,  will  not  preveij' 

inequality  of  illumination  from  being  distinctly  seen. 

Hence  it  is  evident,  that  if  we  take  the  abscissa  of  a  cun-e  equal  to  thickness  of  the  lamina  at  any  point,  and 
the  ordinate  proportional  to  the  intensity  of  tlie  light  reflected  from  the  second  surface,  and  returned  through  tbr 
first,  this  curve  will  be  an  undulating' line,  such  as  we  have  represented  in  fig.  134,  touching  the  abscissTi  at  equal 
distances  equal  to  the  length  of  a  whole  fit  of  a  ray  of  the  colour  in  question.  Now  these  distances  for  rzpvi 
different  colours  being  supposed  such  as  we  have  assumed  in  Art,  652,  the  construction  of  Art,  645  holds 
good,  and  when  white  light  falls  on  the  lamina,  its  second  surface  will  reflect  a  series  of  colours  of  the  coropoa- 
lion  there  demonstrated,  and  such  as  we  actually  observe,  but  diluted  with  the  light  uniformly  reflected  from 
every  point  of  the  first  surface. 

If  the  lamina  instead  of  a  vacuum  he  composed  of  any  refracting  medium,  the  tints  will  manifestly  succwd 
each  other  in  a  similar  series,  but  the  thickness  at  which  they  are  produced  will  be  to  that  in  a  lamina  of  \acaitiD* 
in  the  ratio  of  the  lengths  of  the  fits  in  the  two  cases,  that  is,  in  the  proportion  of  1  :  the  indent  of  refraction  of 
the  medium.  Thus  the  rings  seen  between  two  object  glasses  including  air,  ought  to  contract  when  water,  oil 
&c.  is  admitted  between  them,  as  they  are  found  to  do,  and,  by  measure,  in  that  precise  ratio. 

At  oblique  incidences,  0  being  the  angle  of  intromission  into  the  lamina,  t ,  sec  0  is  the  whole  path  of  the  m 

between  tiie  first  and  second  surfaces,  and  since  l^  X .  sec  0  ,  sec  u  is  the  length  of  the  fits  of  the  given  ray  ai 

this  obliquity,  in   order  that  the  luminous  molecule  may  arrive  at  the  second  surface  in  the   same  phase,  awi 

therefore  be  reflected  with  equal  intensity,  it  must  in  this  space  have  passed  over  the  same  number  of  these  ' 

2  t  .  sec  0 
hence  we  must  have  :^ -^ — —  :=  constant,  or  t  proportional  to  sec  i/,  which  agrees  with  obser\*ation 


X  .  sec  f? ,  sec  u 
All  the  light  which  is  not  reflected  at  the  second  surface  passes  through  it,  and  forms  the  transmitted  series 
colours.     These,  therefore,  consist  of  the  whole  incident  light  (^-=  1)   minuR  that  reflected  at  the  first  sui 
(which  will  be  a  small  fraction,  and  which  we  will  call  «,)  minus  that  reflected  at  the  second  surface.     Now 
last  will   be  a  periodical  function  whose  minimum  is  O,  and  its  maximum   can   never  exceed   fl,  because  the 
reflexion  at  the  second  surface  of  a  medium  cannot  be  stronger  than  at  the  first  at  a  perpendicular  incidence. 


We  may  then  represent  it  by  a  f  sin  —  j  ,  and  thus  we  have  1  -  a  4  1  +  (  sin  -7-  )^  f  for  the  intensity  of  this 

particular  coloured  ray  in  the  transmitted  series,  and  or  f  sin  —  1   in  the   reflected.      Hence  it  is  erident,  tbn 

owing  to  the  smallness  of  «,  the  diflerence  between  the  brightest  and  darkest  part  of  the  transmitted  series  will 
be  small  in  comparison  with  the  whole  light,  and  thus  the  alternations  in  homogeneous  light  ought  to  be  (ti 
they  are)  much  less  sensible  than  in  the  reflected  rings,  and  the  tints  in  white  light  much  more  pallid  and  dilute. 


LIGHT.  460 

Hius  we  see  that  the  Newtonian  hypothesis  of  the  fits  afibrds  a  satisfactory-enough  explanation,  or  rather   Part  III. 
^  represents  with  exactness  all  the  phenomena  above  described.    It  has  been  even  asserted,  that  this  doctrine  is  v-^-v^-^^- 
really  not  an  hypothesis,  but  nothing  more  than  a  pure  statement  of  facts ;  for  that,  first,  in  point  of  mere  fact,      659. 
the  second  surface  of  the  lamina  does  send  light  to  the  eye,  in  the  bright  parts  of  the  fringes,  and  does  not  send 
It  in  the  dark  parts ;  and,  secondly,  that  this  is  the  same  thing  with  saying  that  the  light  which  has  traversed 

X  X 

thickness  =s  (2  n  +  1)  -r-  is,  and  that  which  has  traversed  2  n  -j-  is  not  susceptible  of  being  reflected.   And 
4  4 

in  truth,  if  only  one  ray  could  be  regarded  as  being  concerned,  and  were  the  light  reflected  at  the  first  surface 

of  the  lamina  altogether  out  of  the  question,  this  way  of  stating  it  would  be  strictly  correct.     But,  if  It  can  be 

shown,  that,  on  any  other  hypothesis  of  the  nature  of  light,  (as  the  undulatory,)  the  second  link  of  this  argument 

18  invalid ;  and  that  though  the  second  surface,  like  the  first,  may  reflect  in  every  part,  without  regard  to  its 

thickness,  its  full  average  portion  of  the  light  that  is  incident  on  it ;  yet  that  aiflerwards,  by  reason  of  the 

hiterference  of  rays  reflected  from  the  first  surface,  such  light  does  not  reach  the  eye  (being  destroyed  in  every 

X 
point  of  its  course)  fit)m  those  parts  where  the  thickness  is  an  even  multiple  of  — •,  then  it  is  evident,  that  the 

Newtonian  doctrine  is  something  more  than  a  mere  aliter  statement  of  facts,  and  is  open  to  examination 'as  a 
theory. 

liCt  us  now  see,  therefore,  what  account  the  undulatory  theory  gives  of  these  phenomena.    We  will  begin,      660. 
for  a  reason  which  will  presently  appear,  with  the  trannnUted  rings.     Conceive,  then,  a  ray,  the  length  of  ExpUDttion 
whose  undulations  in  any  medium  is  X,  to  be  incident  perpendicularly  on  the  first  surface  of  a  lamina  of  that  of  the 
medium  whose  thickness  is  =  < ;  and  (for  simplicity)  let  its  surfaces  be  supposed  parallel,  then  it  will  be  *^w»n»*tted 
divided  into  two  portions,  the  first  (  =  o)  reflected,  and  the  second  (=  1  —  a)  intromitted.     Let  0  be  the  phase  unSulatory* 
of  this  portion  at  reaching  the  second  surface.     Here  it  will  be  again  divided  into  two  portions,  the  one  hypothesis. 
reflected  back  into  the  medium  and  equal  to  (1  — a)  .  a,  or  (a  being  small)  very  nearly  to  a,  and  the  remainder 
(1  —  a)  —  a  (1  —  a),  or  nearly  1  —  2  «,  transmitted.    These  portions,  supposing  no  undulation,  or  part  of  an 
ondulation,  gained  or  lost  in  the  act  of  transmission  or  reflexion,  will  both  be  in  the  phase  0.    The  reflected 

t 
portion  will  again  encounter  the  first  surface  in  the  phase  ^  -f-  2  «- .  — ,  will  there  be  again  partially  reflected, 

with  an  intensity  equal  to  a  y,  a  i:i  a\  and  the  portion  so  reflected  will  reach  the  second  surface  in  the  phase 

2  t 
^  +  2  3r  .  — - ,  and  will  there  be  transmitted  with  an  intensity  s=  (1  —  a)  .  a",  or  nearly  =:  a\     Now,  the 

Ai 

reflexions  being  all  perpendicular,  this  portion  will   be  confounded  with  the  portion  1  —  2  a  transmitted 

without  any  reflexion ;  and  putting  a=  a/i  — 2a=  1— a  nearly,  and  a'  s  V^a*  :=:a,  a  and  d  will  represent 
the  amplitudes  of  vibration  of  the  ethereal  molecule  at  the  posterior  surfiu^e^  which  each  of  these  rays  tend  to 
impress  on  it.     Hence,  its  total  excursion  from  rest  will  be  represented  by 


that  is 


fl  .  cos  ^  +  a',  cos  (^  +  2  IT  .  -T- ), 

(1  -  a)  COS  <>  +  a  .  cos  f^^  +  2  w  .  -7-). 
=  Icos^-f-a.cosf^  +  ^w"  •  "^j  —  a  .cosO, 


The  first  term  of  this  is  independent  of  U  and  represents,  in  fact,  the  incident  ray  in  the  state  in  which  it  would 
anive  at  the  second  surface,  had  no  reflexions  taKen  place.    The  other  two  .terms  represent  rays  the  former  of 

which  evidently  is  in  complete  discordance  with  the  latter,  and  destroys  it  when  t  is  any  odd  multiple  of  — >  ip'^  ^^ 

the  half  length  of  one  of  Newton's  fits,  a  fit  being,  as  we  have  seen  above,  equal  to  half  an  undulation,)  thus 
lewing  the  ray  at  its  emergence  of  the  same  intensity  as  it  would  have  had  were  the  lamina  away ;  but  when  t 

is  any  odd  multiple  of  half  a  fit,  then  the  value  of  cos  f  ^  +  2  v  ,  -r-  )  J=  —  cos  ^;  and  the  emergent  ray 

is  in  this  case  represented  by  (I  -  2  a)  .  cos  0,  being  less  than  the  incident  ray  by  twice  the  light  reflected  at 
the  first  8urfiu:e. 

Thus  if  the  thickness  of  the  plate  be  different  in  different  parts,  the  light  transmitted  through   it  to      551 

the  eye  will  not  be  uniform,  but  will  have  alternate  maxima  and  minima  corresponding  to  the  thiduiesses  0  oriifiD  of 

X         2X         3\  the  bright 

-— ,     -— ,       — -,  Ac.  and  dark 

*  4  4  rings  in  ho- 

If  we  i^ply  to  the  expression  above  given,  the  general  formula  Art.  (613)  for  the  composition  of  rays  in  one  "3f*°*^"* 
plene^  we  shall  find  for  the  intensity  A«  of  the  ray  finally  emergent,  ^ 


2t  ' 
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^«^  A*  =  a  -  «)*  +  2  «  (1  -  fl)  .  cos  2  IT  .  ^  +  tf»  V. 

=  1  —  4  a  (1  —  a)  .  sin  I'Zv  —  j 

=  1  -  4  a.  sin  (2  «--t-} 

which  shows  that  the  several  maxima  are  equal  to  the  incident  ray,  and  the  minima  to  that  ray  dimiiiisiied  bj 
tour  times  the  light  reflected  at  the  first  surface.  The  diflTerence  of  phase  between  the  ample  and  cooipoate 
emergent  ray,  or  the  value  of  B  in  the  formula  cited^  is  given  by  the  equation. 


sin 


B  =  -^  .  sin  ^2  «■ .  A^  rr  a .  sin  ^2  ir  .  -^Y  neglecUng  A\ 


Now  this  is  the  same  with 


so  that  for  such  media  as  have  not  a  very  high  refractive  power,  this  difference  is  always  smalL    It  is,  howeiar, 
periodical,  and  differs  for  different  thicknesses. 

663.  Suppose  now,  instead  of  homogeneous  light,  white  light  to  fall  on  the  lamina,  and  let  us  represent  anyef 
TnuMmit.  such  light,  as  in  Art.  488,  by  C  +  C'+  C"+  &c.,  or  by  S  (C) ,  C,  C,  &c.  being  the  intenaty  of  the  serenl 
^•*"*?lr  elementary  rays  of  all  degrees  of  refrangibility,  then  will  the  transmitted  compound  beam  be  represented  in  tint 
L:JL&'  andmtensityby  /         /V)  (  /  /V) 

biSr^Uy.  C{l-4a.sin(2.-)   |  +  C  {  1  -  4  a  .  sin  (^2  .  .  ^)   j  +  &c. 

^^^y  S.c{l~4«.sin(2.4.y}. 

h 
S  |c  (1  -  4  a)  +  C  (4  o  -  4  a  .  sin  ^2  ^  .  -^V  |  = 

=  (1  -4a).S(C)  +  4o.S   fc.cos  A^.  "X")'}* 

The  first  term  of  this  expression  represents  a  beam  of  white  light  of  the  intensity  1  —  4  a.  The  second,  a 
compound  tint  of  the  intensity  4  a,  which,  diluted  with  the  above-mentioned  white  light,  forms  the  pallid  tints 
of  the  transmitted  series.  If  we  disregard  this  dilution,  and  consider  only  the  tint  in  its  purity  as  it  woukl 
appear  were  the  white  light  suppressed,  its  expression 

4a.S  |c.cos(^2  9r.  -^y|  =  4a|s(C)  -  S  (^C  .  sin  (^2  tt  .  4^  Y)l 

indicates  that  it  is  complementary  to  the  tint  represented  by 

S{c.sin(2..-ii)'}. 

/  2  <  V 

But  if  we  conceive  a  curve  whose  abscissa  =  ^  and  whose  ordinate  is  C  .  sin  f  2  ir  .  — -  j  ,  it  is  evident  that 

this  will  be  precisely  the  undulating  curve  represented  for  each  prismatic  ray  in  fig.  184 ;  and  taking  the  sum  of 
all  the  ordinates  so  drawn  for  eadd  colour  in  the  spectrum,  we  have  the  identical  construction  from  which  we 
derived  the  colours  of  the  reflected  rings  in  Art.  645.  If,  then,  we  take  the  series  of  tints  so  composed,  and 
thence  deduce  their  complements  to  white  light,  and  dilute  these  complementary  colours  with  white,  in  tb0 
proportion  of  4  «  rays  of  the  complementary  colour  to  1  —  4  a  of  white,  we  shall  have  the  series  of  transmitted 
tints  which  ought  to  result  from  the  doctrine  of  interferences,  and  which,  in  fact,  is  observed. 

664.  In  the  case  of  oblique  transmission,  let  AC,  B  D,  fig.  135,  be  the  surfaces  of  the  lamina,  and  A  a  it0 
Case  of  thickness  ;  and  let  A  E  be  the  surface  of  a  wave  of  which  the  point  A  has  just  reached  the  first  surface  of  the 
obljqae  lamina  ;  and  let  S  A,  S  C,  perpendicular  to  it,  represent  rays  emanating  from  one  origin  S,  then  will  a  partial 
F^'*'Ta?*°°  reflexion  take  place,  and  its  intensity  will  be  diminished  in  some  certain  ratio  1  :  1  —  a  depending  on  the^ngle 

^*  of  incidence.     The  transmitted  wave  will  be  bent  aside,  taking  the  position  A  6,  and  advancing  along  A  B  the 

refracted  ray ;  so  that  when  it  reaches  the  position  B  F,  the  wave  without  the  lamina  will  have  the  corresponding 
position  F  G.  Here  another  partial  reflexion  will  take  place  depending  on  the  interior  incidence,  and  we  may 
denote  by  (1  —  a)  (1  —  a)  the  transmitted  portion,  and  by  (1  —  «)  .  a  Uie  reflected  portion.  These  portions  set 
off  together,  from  B,  the  former,  with  the  velocity  V  due  to  the  exterior  medium,  along  the  line  B  H  parallel  to 
S  A,  forming  a  wave  which  (provided  S  be  sufficiently  distant)  may  be  regarded  as  a  plane  of  indefinite  extent 
moving  uniformly  with  that  velocity  along  B  H.  The  latter  portion  proceeds  along  B  C,  according  to  the  law 
of  reflexion,  with  the  velocity  V  due  to  the  medium  of  which  the  lamina  is  composed  till  it  reaches  C,  where  it 
undergoes  another  partial  reflexion,  and  proceeds  back  along  the  line  C  D  with  a  diminished  intensity  =  (l^a) 
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which  does  not  deviate  very  Really  from  sec  p  at  moderate  incidences. 

At  great  incidences  the  case  is  difierent,  and  the  noncoincidence  of  the  results  of  the  undulatory  doctrfoe 
with  experiment  might  be  drawn  into  an  argimient  against  it,  were  we  sure  that  the  law  of  refnetioQ  at  extreme 
incidences,  and  with  very  thin  lamins,  does  not  vary  sensibly  from  that  of  the  proportional  sines.  Hits  ia» 
indeed,  highly  probable,  as  M.  Fresnel  has  remarked,  (Mem,  mr  la  Diffraction^  8fc,)  and  as  we  have  befim 
had  occasion  to  observe.  The  inquiry  into  which  this  would  lead,  is,  however,  one  of  the  most  delicate  and  diflkolt 
in  physical  optics,  and  the  reader  must  be  content  with  this  general  notict  of&posnble  explanation  of  one  of  the 
many  difficulties  which  still  beset  the  undulatory  doctrine. 

The  origin  of  the  reflected  rings  may  be  accounted  for  in  a  similar  way  from  the  partial  transmission  of  the 
waves  reflected  from  the  second  surface  back  through  the  first,  and  their  interference  with  the  waves  reflected 
immediately  from  the  first.  The  relative  intensities  of  these  waves,  (in  general,)  are  a  and  (1  —  a)  (1  —«).•; 
or,  in  the  case  where  a  and  a  are  both  small,  nearly  in  the  ratio  of  a  :  a,  and  at  a  perpendicular  inddence,  veiy 
nearly  in  the  ratio  of  equality.  Hence  their  mutual  destruction  in  the  case  of  complete  discordance  will  be  much 
more  complete  than  in  the  transmitted  rings,  and  the  colours  arising,  much  less  dilute  than  those  of  the  latter, 
agreeably  to  observation. 

There  is,  however,  one  consideration  of  importance  to  be  attended  to  in  the  application  of  the  undulatory  doc* 
trine  to  the  reflected  rings,  which  at  first  sight  appears  in  the  light  of  a  poweiful  argument  against  its  adnb- 
sibility,  viz.  that  if  we  apply  the  same  reasoning  to  the  reflected,  as  we  have  already  done  to  the  trantonittBt 
rings,  we  should  arrive  at  the  conclusion,  that  their  tints  should  be  precisely  the  same  and  in  the  same  onia; 
beginning  with  a  bright  white  in  the  centre ;  because  here,  the  path  traversed  by  the  ray  within  the  faniis 
vanishing,  the  waves  reflected  from  the  two  surfaces  ought  to  be  in  exact  accordance,  whereas  it  uppmn,  If 
observation,  that  the  reverse  is  the  case,  the  central  spot  being  black  instead  of  white.  It  becomes  necwayi 
then,  to  suppose,  that  in  this  case,  half  an  undulation  is  lost  or  gained  either  by  the  wave  reflected  firom  the  int 
or  second  surface.  If  this  hypothesis  be  made,  the  phenomena  of  the  reflected  rings  are  completely  rqpteseatd 
on  the  undulatory  system,  for  the  compound  wave  reflected  by  the  joint  action  of  the  two  surftces  flhooU  ht 
represented  by  the  equation. 


X  =  V a.  cos  ^+  'v^ a  (1  — a)  (1  -  a)  .cos  -I  0  +  2: 


2^-iX 


} 


and  if  this  be  put  equal  to  A .  cos  (0  -j-  B)  we  get 


A«  =  a.+  «  (I  -  a)  (1  -  a)  -  2  V"  a  a  (I  -  a)  (1  —  a)  . 
and  in  the  case  of  a  and  a  both  very  small 


<-") 


A2  =  (A^a  -  V^a)*  -f  4.  V aa  .  sin  (  2  tt  — j 
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and  at  a  perpendicular  incidence^  where  t'  s^  t ,  and  where  a  and  a  may  be  supposed  equal 

A^  =  4  a  .  sin  f  2  TT  —  j 

Thus  we  see,  that  in  this  case  the  total  intensity  of  the  compound  reflected  wave  +  that  of  the  transmitted 
(Art.  662)  make  up  1,  the  intensity  of  the  incident  wave;  and  thus,  this  supposition  of  the  loss  or  gainof  hal^ 
an  undulation  is  in  no  contradiction  with  the  law  of  the  conservation  of  the  vis  viva. 

In  fact,  however,  if  we  consider  the  mode  in  which  the  undulations  are  propagated,  at  the  limit  between  tiT*' 
media,  we  shall  see  nothing  contrary  to  dynamical  principles  in  the  loss  of  half  or  any  part  of  an  undulation  io 
the  transfer — for  it  cannot  be  supposed,  that  the  density  or  elasticity  of  the  ether  changes  abruptly  at  the  soT- 
faces  of  media,  but  that  there  intervenes  some  very  minute  stratum  in  which  it  is  variable.     In  Uiis  stratoio* 
therefore,  the  length  of  an  undulation  is  neither  exactly  that  corresponding  to  the  denser,  nor  to  the  rarer 
medium,  but  intermediate,  and  of  a  magnitude  perpetually  varying.     Therefore  the  number  of  imdulations  to  he 
reckoned  as  added  to  the  phase  of  the  ray  in  traversing  this  stratum^  will  differ  from  what  it  would  be  if  one 
medium  terminated,  and  the  other  commenced  abruptly.     Without  knowing  the  law  of  density,  the  limiti 
between  which  it  undergoes  its  change,  or  the  exact  mode  in  which  the  partial  reflexion  of  a  wave  traversing  it 
is  performed,  it  is  impossible  to  subject  the  point  to  strict  calculation,  we  must  rather  submit  to  be  taogfat  by 
experiment,  and  content  ourselves  with  such  conclusions  as  we  can  deduce  from  observation.     In  the  cue 
before  us,  all  that  observation  teaches  us  is,  that  there  is  half  an  undulation  more  of  difference  in  the  phases  of 
two  rays  that  have  been  reflected  in  the  manner  last  considered,  than  in  those  of  the  two  whose  inteiftrafie 
forms  the  transmitted  rays.     From  some  curious  experiments  of  Dr.  Young,  too,  we  may  gather  that  it  is  not  is 
all  cases  strictly  halfwa  undulation  of  difference  to  be  reckoned,  but  rather  a  variable  fraction  depending  cm  the 
nature  of  the  contiguous  media. 

The  formulae  of  Art.  672  show  that  it  is  only  in  the  case  of  perpendicular  incidence  that  the  tints  aie  pmt, 
and  that  in  all  others,  and  especially  at  great  obliquities,  where  a  and  a  differ  considerably,  there  will  be  t 
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dilatUm  of  white  light,  and  this  is  also  agreeable  to  experience.     At  a  perpendicular  incidence,  however,  the    Part  III. 
minima  of  each  homogeneous  colour  ought  to  be  absolutely  evanescent ;  so  that  if  we  were  to  remove  the  reflec-  ^^^^v^*^ 
tion  of  the  upper  surface  of  an  object  glass  laid  down  on  a  plate,  (or  use  a  prism,  so  as  to  prevent  its  reaching  Erperiwten- 
thc  eye,)  the  intervals  between  the  rings  in  homogeneous  light  ought  to  appear  absolutely  black.     In  the  New-  fT  '^^f 
/ooian  doctrine  this  should  not  be  the  case,  because  the  light  reflected  from  the  upper  surface  of  the  lamina  of  ^^J^^^j^^^ 
Lncluded  air  should  still  remain  even  in  the  minima  of  the  rings.     This  then  affords  a  positive  means  of  deciding 
between  the  two  theories.     M.  Fresnel  describes  an  experiment  made  for  this  purpose,  and  states  the  result  to 
unequivocally  in  favour  of  that  of  undulations.     (^Diffraction  de  la  Lumiere^  p.  11.) 

§  V.     Cfthe  Colours  of  Thick  Plates. 

Under  certain  circumstances  rings  of  colours  are  formed  by  plates  of  transparent  media  of  considerable  thick-      676 
K.     The  circumstances  under  which  they  appear,  in  one  principal  case,  are  thus  described  by  Newton,  who 
t  observed  them,  and  who  has  applied  his  doctrine  of  the  fits  of  easy  reflexion  and  transmission  to  explain 
Kem,  with  singular  ingenuity. 
'*  Admitting  a  bright  sunbeam  through  a  small  hole  of  one-third  of  an  inch  in  diameter  into  a  dark  room,  it  N«wt<m's 
;  received  perpendicularly  on  a  concavo-convex  glass  mirror  one  quarter  of  an  inch  thick,  having  each  surface  "Sf"*^?"! 
and  to  a  sphere  of  six  feet  in  radius,  and  the  back  silvere<l.     Then  holding  a  piece  of  white  paper  in  the  mirror, 
oitre  of  its  concavity,  having  a  small  hole  in  the  middle  of  it  to  let  the  sunbeam  pass,  and  afler  reflexion  at 
^  speculum  to  repass  through  it,  the  hole  was  observ^ed  to  be  surrounded  with  four  or  five  coloured  concen- 
c  rings  or  irises,  just  as  the  rings  seen  between  object-glasses  surround  their  central  spot — but  larger  and 
ire  diluted  in  their  colours". ..."  If  the  paper  was  much  more  distant  from  the  mirror,  or  much  less  than 
:  feet,  the  rings  became  more  dilute  and  gradually  vanished.''. . . .  **  The  colours  of  these  rings  succeeded  each 
ler  in  the  order  of  those  which  are  seen  between  two  object  glasses,  not  by  reflected  but  by  transmitted  light, 

vu^^s^iBs.  white,  tawny  white,  black,  violet,  blue,  greenish  yellow,  yellow,  red,  purple,"  &c "  The  diameters  of 

tl^h^  ^^^388  rings  preserved  the  same  proportion  as  those  between  the  object-glasses,  the  squares  of  the  diameters  of 
tl^  ^^B  alternate  bright  and  dark  rings,  reckoning  the  central  white  as  a  ring  of  the  diameter  0,  forming  an  arith- 
m.  -^^^stical  progression,  beginning  at  0.  And  in  the  case  described,  the  diameter  of  the  bright  ring  measured 
T^  ^^^Bpectively  0,  1|^,  2|,  24^,  3f.". ..."  Lastly,  in  the  rings  so  formed  by  reflectors  of  diflTerent  thicknesses,  their 
dL  -^^s^mmeien  were  observed  to  be  reciprocally  as  the  square  roots  of  the  thicknesses.  If  the  back  of  the  mirror  was 
si^K-  ""^ered,  the  rings  were  only  so  much  the  more  vivid." 

^These  various  phenomena,  and  a  variety  of  similar  ones,  some  of  more,  some  of  less  complexity,  according  to      677 
*^^^^^^  variation  of  the  distance,  and  obliquity  of  the  mirror,  and  the  curvature   of  its  surfaces,   Newton  has 
plained  very  happily,  by  considering  the  fits  of  easy  reflexion   and  transmission  of  that  faint  portion  of 
light  which  is  irregularly  scattered  in  all  directions  at  the  first  surface  of  the  glass,  and  which  serves  to 
ier  it  visible.     But  for  this  explanation  we  must  refer  to  his  Optics^  as  our  object  here  is  more  particularly 
^  distinctly  to  show  what  account  the  undulatory  doctrine  gives  of  this  phenomenon,  which  has  hitherto  been 
P^^^   -"Ssed  over  rather  cursorily,  not  without  some  degree  of  obscurity. 

"There  is  no  surface,  however  perfectly  polished,  so  free  from  small  scratches  and  inequalities  as  not  to      678. 
^3ect  and  transmit,  besides  those  principal  rays  which  obey  the  regular  laws  of  reflexion  and  refraction,  as  Principle  of 
^  ^^endent  on  the  general  surface,  other,  very  much  feebler,  portions  scattered  in  all  directions,  by  which  the  explanation 
-^^rface  is  rendered  visible  to  an  eye  anywhere  placed,  but  most  copiously  in  and  about  the  direction  of  the  j°.*J®  **°' 
^u^^^ularly  reflected  and  transmitted  rays.     It  is  the  interference  of  these  portions,  scattered  at  the  first  surface  by  ,^*p^'^ 
.^^  ^^  ray  in  passing  and  repassing  through  it,  nearly  in  its  own  direction,  that  the  rings  in  question  are  attributed 
^^        the  undulatory  doctrine. 

^^-Xet  F  A  D,  E  B  G  be  the  parallel  surfaces  of  any  medium  exposed  perpendicularly  to  a  homogeneous  ray      679. 
^^^^anating  from  a  luminous  point  C,  and  incident  at  A.     The  chief  portion  will  pass  straight  through  A,  and  be  Its  appUca- 
^^^Hected  back  firom  B  to  A  again.     But  at  A  a  scattering  takes  place,  and  the  transmitted  ray  AB  is  accom-  H?"',«g 
^^^-nied  by  a  diverging  cone  Of  faint  rays  A  a,  A  6,  Ac,  &c.,  all  which  set  out  from  A  in  the  same  phase  of  their    ^'      ' 
^^^^dulations  with  the  principal  one  from  which  they  originate,  so  that  A  may  be  regarded  as  their  common 
^^'  ^gin.     Take  Q,  the  focus  of  rays  reflected  at  the  second  surface  conjugate  to  A  (if  the  surfaces  be  plane, 
^^^     and  A  are  equidistant  from  B)  and  the  cone  of  scattered  rays,  with  the  regularly  reflected  ray  in  its  axis,  will 
*"*^*r  reflexion  diverge  as  from  Q.     Again,  when  they  pass  into  the  air  again,  if  we  take  q  the  focus  conjugate 
^^^     Q  of  rays  refracted  at  the  surface  F  D,  they  will  afler  refraction  diverge  from  g,  and  by  the  nature  of  foci  on 
^^"^  ^5  undulatory  hypothesis,  the  undulations  will  be  propagated  in  the  air  as  if  they  had  a  common  origin  q 
^^^acedinair;  because,  after  refraction,  the  waves  have  the  form  of  spheres  diverging  from  g,  and  therefore 
^"^"^ry  portion  of  their  surfaces  are  equidistant  from  q;  had  they,  therefore,  really  emanated  from  g,  as  separate 
^"^^■'Jfii  they  must  at  the  moment  of  such  emanation  have  been  all  in  one  phase.     Now,  when  the  reflected  beam 
^'^^^cfage  A  a  portion  of  it  will  again  be  scattered  in  a  cone,  having  the  regularly  transmitted  ray  A  G  in  its  axis ; 
^^^d  the  rays  A  O,  A  N,  A  M,  &c.  of  this  cone  will  all  have  A  for  their  origin,  and  will  be  in  the  same  phase  at  their 
^^parture  from  A  with  the  ray  A  G  ;  but  this  is  in  the  phase  it  would  have  had  as  emanated  from  q;  hence,  if 
"^•^^  consider  any  point  M  out  of  the  directly  transmitted  ray  A  G,  it  will  be  reached  at  once  by  a  wave  belonging 
^^  each  diverging  cone,  the  one  along  q  M  from  q  and  the  other  along  A  M  from  A,  and  the  difference  of  routes 
^  equal  to  9  A  -f-  A  M  —  9M.     Therefore,  when  M  is  very  nearly  coincident  with  G,  this  is  very  small  and  at 
O  vanishes,  or  the  waves  are  in  exact  accordance.     As  M  recedes  from  G  it  increases,  and  when  it  becomes 
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Light      half  an  undulation,  the  waves  are  in  complete  discordance  and  annihilate  each  other,  and  so  on  alteniAtdy.    There-  ' 
«*v-«>^  fore,  as  this  is  true  of  all  rays  in  conical  surfaces  round  A  G  as  an  axis,  equally  inclined  with  A  M,  9  Bi,  if  we  plaee  ^ 
a  white  screen  at  G,  it  will  appear  nSarked  with  alternate  dark  and  bright  rings  round  a  bright  centre  To  oele^ 

mine  their  diameters  we  need  only  put  gA  + AM  —  ^Msr  n.  — ,  or,  if  we  take  9  A  =  a,AGc=r,  Gllsf, 


If  we  resolve  this  equation  neglecting  y*,  we  find 

y  =  >/ir.  V/   -—  .  r  (o  +  r) 

which,  on  substituting  0, 1,  2, 3,  &c.  in  succession  for  lu  shows  that  the  successive  diameters  of  the  mlternate  daifc 
and  bright  rings  are  in  the  progression  of  the  square  roots  of  those  numbers. 
680.  If  the  thickness  of  the  plate  be  small  compared  to  the  distance  of  the  screen,  a  will  also  be  small,  and  tk 

Law  of  the    value  of  y  becomes 

diameters  o^  frr — 

which  shows  that  for  rays  of  a  given  refrangibility  the  diameters  of  the  rings  are  as  the  distance  of  the  uxm. 

directly,  and  the  square  root  of  the  thickness  of  the  plate  inversely, 
ggl.  Lastly,  the  diameter  of  a  ring  of  the  same  order  in  different  homogeneous  lights,  are  as  the  square  loole  of  Ike 

Of  their       lengths  of  their  undulations.     Now,  this  is  the  very  same  law  that  governs  tlie  diameters  of  the  rings  fbnsai 
colours.       between  object-glasses.     Consequently,  if  instead  of  homogeneous  we  consider  white  light,  we  ougfat  to  have  t 

succession  of  coloured  ring^  whose  tints  agree  precisely  with  the  transmitted  series  in  that  experiment. 

682.  But  the  rays  so  formed,  by  rays  scattered  from  a  single  point  A,  would  be  too  feeble  to  be  visible.  IC  hov- 
Concentra*  ever,  we  suppose  the  surfaces  to  be  concentric  spheres  having  G  in  their  common  centre,  as  in  fig.  1S7,  Ums 
tion  of  the  any  rays  G  A,  G  A'  falling  on  any  points  whatever  of  their  surfaces  will  depict,  on  screens  G  M,  G  M're^ped- 
rings  from  ^  '^^i^  perpendicular  to  them  as  G,  equal  systems  of  rings  having  G  in  their  common  centre ;  and,  when  the  «c 
*he^«urface.  ^  ^  ^^  *^°*  ^^H^  great,  the  screens  may  be  regarded  as  coincident  (for  in  that  case  B  M  —  M  A  =:  B  M'—  MA) 
Fig.  137.     and  the  rings  from  every  point  of  the  surface,  exactly  superposed  on  each  other,  and  being  thus  increased  ia 

intensity  in  proportion  to  the  area  of  the  exposed  surface,  become  visible. 

683.  Now  this  is  exactly  Newton's  case,  for  the  sun  being  a  luminary  of  a  considerable  diameter,  the  hole  is  tiie 
Newtoo's  centre  of  the  spheres  may  be  reg^ded  as  a  portion  of  the  sun  of  that  size,  actually  placed  there.  Of  (Jwi 
experiment  every  indivisible  point  may  be  regarded  as  the  origin  of  a  system  of  waves,  and  as  depicting  on  the  screen  iti 
JJjH^"Jy  own  set  of  rings.     These,  were  the  hole  infinitely  small,  would  be  infinitely  more  clear  and  pure  in  their  tilts 

than  the  transmitted  rings  between  object-glasses,  because  they  are  not  (as  in  those  rings)  diluted  with  tiie 
great  quantity  of  white  light  which  escapes  interference.  But  owing  to  the  size  of  the  hole,  their  oenties  tie 
not  exactly  coincident,  and  therefore  their  tints  mix  and  dilute  each  other,  and  that  the  more  the  laiger  the 
hole  is. 

684.  If  0  be  the  thickness  of  the  glass,  since  Q  is  the  conjugate  focus  of  A,  on  the  surface  B  whose  radius  we  wiD 

call  r-^-c  putting  GA  =  r,  we  have,  by  Art.  249,   B0=  ijLi  .  c,  A  Q  =    — ^;  and,  by  Art  248, 

r  '^  c  r  ^  c 

^  cr 
Kq^  a  =1  T — -- — T-        ^,  taking  fi  for  the  refitujtive  index ;  and  when  c  is  small  compared  with  r.  We  get 

showing  that  the  diameters  of  the  rings  are  in  this  case  in  the  subduplicate  ratio  of  the  refractive  index  of  tk 
glass  directly,  and  of  its  thickness  inversely. 

*  3  2 

gg^  If  we  reduce  this  value  to  numbers,  taking  ^  =  — ,  n  =:  4,  r  =  6  feet  =  72  inches^  and  \  = =  the 
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2 
length  of  an  undulation  for  yellow  rays  nearly,  we  find,  for  the  diameter  of  the  second  bright  ring  in 

yellow  light,  (which  corresponds  to  the  brightest  part  of  the  same  ring  in  white,) 

2y  =  72x\/44.-^.4=:2-35. 

\ihich  agrees  almost  precisely  with  Newton's  measure  2|,  or  2*375. 

686  When  the  mirror  is  inclined  to  the  incident  beam  the  phenomena  become  more  complicated,  and  have  beca 

Case  of        elegantly  described  by  Newton,  (Optics,  book  ii.  part  iv.  obs.  10.)     In  this  case,  the  axes  of  the  two  interfensg 
oblique         cones  of  scattered  rays,  which  are  always  the  incident  and   reflected  rays,  are  no  longer  coincident     But  t^ 

687"     same  principles  apply  equally  to  this  case  in  all  other  respects,  and  the  reader  may  exercise  himself  in  tractng 

"°''       their  consequences. 

observed  by      '^^  Duke  de  Chaulnes  found  similar  rings  to  be  exhibited  when  the  surface  of  the  mirror  was  covered  with 

the  Duke  of  st  thin  film  of  milk  dried  on  it,  so  as  to  make  a  delicate  semitransparent  coating,  or  even  when  a  fine  gfauze  or 

Chanlnes     muslin  was  stretched  before  it;  see  the  account  of  his  experiments  in  the  Mem.  Acad.  Sci.  Paris,  1705  ;  and 
and 


Sir  William  Herschd  {Phil  Tram.  1907)  describes  a  pleasinp"  experiment*  in  which  rinses  were  produced  by 
strewin^^  hair  powder  in  the  air  before  a  metallic  mirror  on  which  a  beam  of  light  is  incident,  and  intercepting 
the  reflected  ray  by  a  screen.  The  expilanation  of  these  phenomena  seems,  however,  to  depend  on  other  appli- 
caiions  of  the  general  principle,  and  will  be  better  conceived  when  we  come  to  speak  of  the  colours  produced 
by  difiraction. 

Dr.  Brewster,  in  the  Transactions  of  the  Royal  SocietifofEdinbrurgh,  has  described  a  series  of  coloured  fringes 
I  produced  by  thick  plates  of  parallel  ^lass,  which   afford  an  excellent  illustration  of  the  laws  of  periodicity 
obsenred  by  the  rays  of  li^ht  in  their  progress,  whether,  as  in  the  Newtonian  doctrine,  we  consider  them  as  sub- 
jected to  alternate  fits  of  easy  reflexion  and  transmission,  or,  as  in  the  nridulatory  hypothesis,  as  passing-  throug^h 
a  series  of  phases  of  alternately  direct  and  retrograde  motions  in  the  particles  of  ether,  in  whose  vibrations  they 
coji-sist.     We   may  here   remark,  once  for  all,  that  the  explanations  which  the   undulalory  doctrine    aObrds  of 
phenomena  of  ihi*^  description,  may^  for  the  most  part»  be  transiated  into  the  langnao^e  of  the  rival  hypothesis  ; 
so  as  to  attbrd,  with  more  or  less  plausibility  and  occasional  modifications,  a  result  corresponding  with  observa- 
i  lion.     It  is  not,  Hicretbrei  among  phenomena  of  this  class  that  we  must  look  for  the  means  of  deciding  between 
them.     We  shall  adopt,  therefore,  in  the  remainder  of  this  essay,  the  undulatory  system,  not  as  beinj^  at  all 
|Salis6ed  of  its  reality  as  a  phyjfical  fad,  but  regarding  it  as  by  far  the  simplest  means  yet  devised  of  grouping 
to|^cther,  and  representing  not  only  all  the  phenomena  explicable  by  Newton's  doctrine,  but  a   vast  variety  of 
olher  classes  of  facts  to  which  that  doctrine  can  hardly  be  applied  witiiout  great  violence,  and  much  additional 
hypothesis  of  a  very  gratuitous  kind* 

The  fringes  in  question  are  seen  wfien  two  parallel  plates  of  glass  of  eitactly  equal  thickness  (portions  of  the 
isame  plate)  are  slightly  inclined  to  each  other,  (at  any  distance,)  and  through  them  both,  at  nearly  a  perpen- 
dicular incidence,,  a  circular  luminary  of  1°  or  2°  in  diameter  (a  portion  of  the  sky,  for  instance)  is  viewed. 
There  will  in  this  case  be  seen,  besides  the  direct  image,  a  series  of  lateral  images  reflected  between  the  glasses, 
and  growing  fainter  and  fainter  in  succession  as  they  are  formed  by  2,  4,  6,  or  more  internal  reflexions; 
land  of  which  all  but  the  first  is  so  faint  as  scarcely  to  be  visible,  except  in  very  strong  lights.  T!ie  direct  imttg« 
fis  colourless;  but  the  reflected  one  is  observed  to  be  crossed  with  fifteen  or  sixteen  l>eautifui  bands  of  colour, 
^parallel  to  the  common  section  of  the  surfaces  of  the  plates.  Their  breadth  diminishes  rapidly  as  the  inclination 
tfif  the  plates  increases.  When  the  plates  employed  were  0.121  inch  in  thickness,  and  inclined  at  an  angle  of 
[1**  11/ to  each  other,  the  breadth  of  each  fringe  measured  26'  bQ^\  and  at  all  other  inclinations  their  breadth  was 
[Inversely  as  the  inclination.  At  oMique  incidences  its  fringes  arc  seen  when  the  plane  of  incidence  is  at  right 
an^^les  to  the  principal  section  of  the  plates,  but  are  at  their  maximum  of  distinctness  when  parallel  to  it. 

To  understand  their  production,  let  us  call  the  surfaces  of  the  plates  in  order,  reckoning  imm  that  on  which 
the  incident  light  first  falls.  A,  ff,  B,  h;  antl  let  us  consider  a  ray,  or  system  of  waves  emanating  from  a  common 
orijpn  at  an  infinite  distance,  Tlien,  when  this  ray  falls  on  the  plates  it  will  at  every  surface  undergo  a  partial 
reflexion,  and  the  remainder  will  be  transtnitted  ;  each  of  the  several  portions  will  be  again  subdivided  when- 
e^^er  it  meets  either  surface.  So  that  either  image  will,  in  fact,  consist  of  several  emergent  rays,  parallel  in 
their  final  directions,  but  which  have  traversed  the  glasses  by  very  ditferent  routes.  Thus  the  direct  or  prUicipal 
image  wUI  consist  of 

1.  The  chief  portion  of  the  whole  incident  light,  refracted  at  A,  at  ff,  at  B,  and  at  6,  and  emergent  parallel 
to  the  incident  ray,  which  we  will  represent  by  A  a  B  6. 

2.  A  portion  refi*acted  at  A,  reflected  at  a,  reflected  again  at  A,  refracted  again  at  a,  at  B  and  at  5,  and 
emei^ent  parallel  to  the  incident  beam.  This  we  will  denote  thus*  Ao'A'a  B^;  the  letters  denoting  the 
surfaces,  the  accent  reflexion,  and  its  absence  refraction, 

3.  A  portion  vihich  has  under^rone  two  similar  reflexions  in  the  interior  of  the  second  plate,  and  which  in 
the  same  manner  may  be  represented  by  Aa  B  b'  B' b. 

4.  Other  portions  which  have  undergone  respectively  four,  six,  &c.  reflexions  to  infinity  within  either  of  the 
plates,  and  which  may  be  represented   by  such  combinations   as  Aa'A'a' A'a  B  6,  A  a  B  6' B^6*  B'6,  or,  for 

^brevity,  by  A(rt'A0*aB6,  A  a  B  (h' Wy  h,  &.c, ;  but  these  latter  portions  are  too  faint  to  have  any  sensible 
influence  on  the  light  of  the  direct  image  with  which  they  are  confounded. 

The  first  lateral  reflected  image  will  consist  of  four  principal  portions  which  have  undergone  two  reflexions 
each^  viz, 

AaWdBb;        AaWaA'aBb;        AaBi/Ba*Bb;        AaBh'aA'aBb; 
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[  all  which  will  emerge  parallel.  Besides  these  there  are  infinite  others,  formed  by  a  greater  number  of  reflexions, 
and  by  the  portions  Ac'A'ff  of  the  incident  beani  reflected  within  tlie  first  glass;  but  these  are  all  too  faint 
materially  to  affect  the  image  in  question,  which  therefore  we  may  regard  as  composed  solely  of  the  four  rays 
[just  enumerated.  Now  if  we  cast  our  eye  on  the  figtire,  (13B,)  we  see  the  course  pursued  by  each  of  these 
^portions  1,  2,  3,  4  ;  and  it  is  evident  that  the  first  portion  has  traversed  the  thickness  twice,  and  the  interval 
'between  the  glasses  three  limes,  or  nearly;  neglecting  at  present  all  consideration  of  the  inclination  of  the 
plates  2  <  -f  3  r\  In  like  manner,  the  portion  2  will  have  traversed  4t  -j-S  i  ;  the  portion  3.  4  ^  -j-  3  i ;  and  the 
portion  4,  6  ^  -|-  3  i.  Hence  it  appears  that  the  portions  1  and  4  difler  in  their  routes  by  nearly  four  times  the 
^thickness  of  the  glass,  and  can  therefore  prodoce  no  colours ;  bvit  the  other  portions,  at  a  perpendicular  inci- 
'dence,  would  not  difler  at  all,  and  at  very  small  inclinations  of  the  plates,  and  of  the  incident  ray,  will  only  difler 
by  reason  of  the  small  dilTercnces  of  the  inclinations  at  which  they  traverse  their  respective  thicknesses  and 
Intervals,  They  will,  therefore,  interfere  so  as  to  produce  colour;  and  this  will  be  dependent  on  the  interval 
©f  retardation  of  one  ray  behind  the  other,  arising  from  the  varying  obliquity  of  the  ray  which  enters  the  eye, 
'     Naw  when  we  look  at  a  luminous  imag«  of  sensible  magnitude,  the  rays  by  which  we  see  its  several  points 
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are  incident  m  all  planes,  and  at  all  inclinations.     Hence,  the  imae^e  seen  mil  appear  of  different  cqIoutb  to  its 
diflTerent  points,  and  the  dispomtton  of  these  colours  will  follow   the  law,  whatever  it  be,  which  regulates  the 
interval  of  retardation.     The  colonrs,  therefore,  will  be  arrang'ed  in  hands,  circles,  or  other  forrn.s,  according^  to 
the  fonn  of  the  cur\'es  arising'  gfeonietrically  from  the  consideration  of  equal  intervals  of  retardation  prerjuli] 
in  every  point  of  their  course.     Such  curves,  now  and  hereafter,  we   shall   tenn   kochromatic  ///tes,  or  lioes 
equal  tint,  measurinsr  in  all   cases  the  iifit  numerically  hy  the  number  of  undulationa,  or  parts  of  an  uadi 
of  mean  yellow  lig'ht  to  which  llie  interval  of  retardation  is  equ«iU 

Let  us,  then,  first  consider  the  case  when  the  ray  is  incident  in  a  plane  perpendicular 'to  the  common  sectioi 
In  this  ca.se,  fig,  139,  let  K  L  M  N  be  a  ray  formed  by  the  union  of  two  rays  SAaD^lKL  and  S  C  E  FG  H  K 
whose  courses  throu|]rh  the  system  are  similar  to  2  and  3»  fkg.  138.     Draw  AD  perpendicular  to  S  C,  thea 
the  interval  of  relardation  be  equal  to 

{DC-fUE  +  EF+FG  +  GH  +  HK}-{A£rH-aB  +  B6  +  ^^I  +  IK) 
=  DC+  (EF-«B)  +  {FG- IK) +  2  (KH^^  B  &), 

the  first  three  terms  being-  peiformetl  in  air,  the  last  in  g-lass.  Now,  without  entering  into  a  trigonometricij 
calculation,  it  is  evident  ihat  this  will  be  very  small  at  a  perpendicular  incidence,  and  will  increase  rapidly 
the  anple  of  incidence  varies;  and  that  (the  incUnation  of  the  plates  remaining- constant)  it  will  increa.^  hf 
nearly  equal  increments,  as  tlie  incidence  varies  by  equal  changes  from  0  on  either  side  of  the  perpendicular, 
Theretbre»  in  a  direction  at  rig^ht  angles  to  the  common  section  of  the  surfaces  the  tints  will  vary  rapidly, 
increasing  on  either  side  of  the  per|jendicnlar  incidence  ;  and  at  very  moderate  obliquities  on  either  side, 
the  internal  of  retardation  will  become  too  great  for  the  production  of  colour.  On  the  other  hand,  if  wc 
conceive  the  rays  S  A,  S  C,  to  be  incident  in  a  plane  very  nearly  parallel  to  the  principal  section,  then  will  the 
points  K  and  U  be  situated,  not,  as  in  the  figure,  at  different  distiinces  from  P,  but  at  very  nearly  the  same;  m 
that  (whatever  be  the  incidence)  K  I  will  very  nearly  equal  GF,  and  for  the  same  reason  FE  will  very  neftriy 
equal  a  B.  Moreover,  in  this  ca.^e  GK  will  be  very  nearly  equal  to  FJ,  and  the  angles  of  internal  incidence 
will  be  also  very  nearly  equal,  so  that  H  G  +  G  K  will  diHer  very  little  from  B  6  +  61,  and  I  B  will  be  ?ery 
nearly  equal  to  G  K,  and  therefore  to  I  F,  so  that  the  point  F  will  almost  exactly  coincide  with  B,  and  the  rajs 
S  A  a  B,  S  C  E  F  will  coincide  almost  precisely,  makinj^  DC  —  0  ;  and  these  approximate  equalities  and  coin- 
cidences will  continue  for  great  variations  in  the  an^le  of  incidence,  provided  the  plane  of  incidence  be  unaltered. 
The  interval  of  retardation,  then,  will  in  this  ease  depend  very  little  on  the  angle  of  incidence  ;  so  that  iti  & 
direction  parallel  to  the  common  section  of  the  surfaces,  the  tints  will  vary  but  Utile.  Hence  it  appears  thtt 
they  will  be  arranged  in  ihe  manner  described  by  Dr*  Brenster,  viz,  in  fringes  parallel  to  that  line.  Thta 
general  analytical  expression  is,  however,  rather  too  complex  to  be  here  set  down,  though  very  easily  investigated 
from  what  has  been  said. 

By  intercepting  the  principal  transmitted  beam  in  the  direct  image,  and  receiving  on  the  eye  only  those 
portions  of  the  rays  going  to  form  it  whose  cun'es  are  as  in  fig.  110,  or  the  portions  A«'A'aB6,  and 
A  «  B  A'  B'  ^,  Dr.  Brewster  succeeded  in  rendering  visible  a  set  of  coloured  fringes,  which  in  general  are  diluted 
and  concealed  in  the  overpowering  light  of  the  direct  beam.  They  originate  evidently  in  the  interference  of 
these  two  rays,  whose  courses  are  each  represented  by  4  ^  -|-  f,  and  would  therefore  be  strictly  equal  were  the 
plates  exactly  parallel.  Tlieir  theory,  after  what  has  been  said,  will  he  obvious  on  inspection  of  the  figure,  as 
well  as  those  of  all  the  rest  of  the  systems  of  fringes  which  he  has  described  in  that  highly  curious  and  late 
resting  memoir, 

Mr.  Talbot  has  observed,  when  viewing  films  of  blown  glass  in  homogeneous  yellow  light,  and  even  b 
common  daylight,  that  when  two  films  are  superposed  on  each  other,  bright  and  dark  stripes,  or  coloured  baods 
and  fringes  of  irregular  forms,  are  produced  between  them*  though  presented  by  neither  separately.  These  are 
obviously  referable  to  the  same  principle,  the  interference  taking  place  here  between  rays  respectively  twice 
refieclcd  within  the  upper  lamina,  and  once  retlecled  at  the  upper  surface  of  the  lower  lamina,  or  else  betweea 
rays  one  of  which  is  thrice  reflected  in  the  mode  represented  by  A  a  B'  a*  W  a  A,  and  the  other  in  that  repre- 
sented by  S.  aW  a  A'  a'  A,  the  interval  l>etween  the  glasses  being  supposed  to  be  exactly  eqnal  to  Uie  thiekoe«i 
of  the  upper  one  in  both  cases,  a  condition  which  is  sure  to  obtain  somewhere  when  the  lamina  are  curved.  A 
still  more  cnrions  and  delicate  case  of  the  production  of  similar  fringes  has  been  noticed  by  Professor  Aniici,  la 
lake  place  when  two  of  the  blue  feathers  of  the  wing  of  the  PapUio  Idas  (a  species  of  bntterfly)  are  laid  oq 
each  oilier  in  the  field  of  his  powerful  and  exquisite  microscopes.  These  feathers  he  describes  as  smal]  plates 
of  perfect  transparency,  and  uniformly  and  delicately  striated  over  their  whole  surface.  The  fringes  in  quesdotl 
are  tbrmed  between  them,  and  vary  in  breadth,  form,  and  situation,  according  to  the  manner  in  which  the 
feathers  are  superjmsed.  Their  origin  seems  to  be  independent  of  the  striie  however,  and  is  easily  understood 
on  the  principles  above  explained.  The  same  may  be  said  of  the  colours  obsened  by  Mr.  Nicholspn  in  combi- 
nations of  parallel  glasses  of  uneqwal  thickness.  Suppose,  for  instance,  that  instead  of  the  plates  having 
exactly  eqnal  thicknesses,  their  thicknesses  (,  i*  differ  by  a  very  minute  quantity,  then  the  course  of  the  rayi 
A  a'  A*  a  B  b  and  AaUb*  B'  b  will  (at  a  perpendicular  incidence)  be  respectively  3  i  -(-  i  -f-  ''  und  £  +  i  -j-  3  fj 
(supposing  the  plates  strictly  parallel,)  and  the  difference  of  their  routes  is  2  <  —  2  ^  ;  so  that  if  this  be  exceed* 
ingly  minute,  colours  will  arise,  or,  if  not,  may  be  prodnced  by  a  slight  inclination  of  the  plates  to  each  othefi 
and  so  ^f  an  infinite  variety  of  cases  which  may  arise. 
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e  colours  hitherto  described  have  been  referred  to  the  interference  of  rays  rigorously  coincident  with  each      ^95^ 
ether  throuprhout  their  whole  course,  after  the  pi>inl  where  they  beg'in  to  he  superimposed.     Such   interfering;  interference 
I  tajs,  or  systems  of  waves,  being  united  into  a  point  on  the  retina,  thiit  point  is  ag^itated  by  the  sum  or  difference  of  ms  oot 
of  their  actions,  and  the  sensation  produced  is  accordinjif.     But  if  this  coincidence  be  only  approximate^  as  if^'7'^'lj 
two  systems  of  waves  be  propajrated  from  origins  so  nearly  coincident  in  angular  situation  from  the  eye,  that  *^'^*"*^^ 
their  images  formed  on  the  retina  shall  be  too  close  to  be  distiui^iiished  by  the  mind  from  the  imaefe  of  a  siug'le 
point,  the  impressions  produced  will  still  be  confounded  to^''ether;    or  rather,  we  oufjht  to  say,  the  mechanical 
action  on  one  point  will  be  propagfated  thron<rh  the  substance  of  the  retino  to  the  other,  and  a  sensation  cor 
responding  to  their  mean  or  average  etfect  will  he  produced.     If,  then,  the  rays   concentered    on   contiguous 
points  of  the  retina  be  in  exact  discordance,  and  of  equal  intensity,  a  mutual  destruction  will  take  place,  as  if 
they  tell  on  one  mathematical  point ;  if  in  exact  accordance,  they  will  increase  each  others  effects,  and  so  for  the 
ilitermediate  states. 

I'    To  apprehend  this  more  fully,  we  must  consider  that  the  impresFion  of  light  appears  to  spread  on  the  retina      697. 
to  a  certain  extremely  minute  distance  all  around  the  mathematical  focus  of  the  rays  concentered  by  the  lenses  Irradiitloa. 
of  the  eye.     Thus  the  ima^e  of  a  star  is  never  seen  as  a  poitii,  but  as  a  disc  of  sensible  size,  and  (hat  the  larger 
as  the  light  is  stronger.     Thus,  too,  tlie  bright  part  of  the  new  moon  is  seen,  as  it  were,  larger  tlian  the  faintly 
^illuminated  portion  of  its  disc  projecting  beyond  it  as  an  acorn  cup  beyond  the  fruit,  &c.     This  etfect  is  termed 
!  irradiation,  and  is  manifestly  t!ie  consequence  of  an  organic  action  such  as  we  have  described. 

It  follows  from  this,  that  when  waves  emanate  from  origins  vndistingtiitkablt/  near^  they  may  be  regarded  in  698. 
*lheir  effects  on  the  eye  as  emanating  from  origins  strictly  in  one  and  the  same  right  lines  the  direction  of  the 
joint  ray;  and  the  laws  of  their  interferences  will  be  precisely  the  same,  considered  in  their  effect  on  vision,  as  if 
the  lenses  of  the  eye  were  away,  and  the  retina  were  a  mere  screen  of  white  paper,  on  a  single  physical  point  of 
which  {viz.  the  point  where  the  images  concentered  by  the  lenses  would  have  fallen)  the  interfering  undulations 
'propagated  simultaneously  frcjm  the  two  origins  fell,  and  agitated  it  with  a  vibration  equal  to  their  resultant. 

This  premised,  we  are  in  a  condition  to  appreciate  the  explanation  alfurded  by  the  uudtdatory  doctrine  of  the       699. 

I  phenomena  of  miied  plates.    They  were  (irst  noticed  (says  Dr.  Young)  by  him  "  in  looking  at  a  candle  through  two  Phenomena 

I  pieces  of  plate  glass  with  a  little  moisture  between  them.     He  thus  observed  an  appearance  of  fringes  resembling  of  ^"^ctt 

•the  common  colours  of  thin  plates  ;  and  upon  looking  for  the  fringes  by  reflexion,  found  that  the  new  fringes  ^^"' 

were  always  in  the  same  direction  as  the  others,  but  many  times  larger.     By  examining  the  glasses  with   a 

ifDagnifier,  he  perceived,  that  wherever  the  fringes  were  visible,  the  moisture  was  intermixed  with  portions  of  air 

producing  an  appearance  similar  to  dew.'^     "  It  was  easy  to  find  two  portions  of  light  sufficient  for  the  produc- 

'tion  of  these  fringes;    for  the  light  transmitted  through  the  water  moving  in  it  with   a  veloeity  different  trom 

that  of  light  passing  through  the  interstices  filled  only  with  air,  the  two  portions  would  interfere  with  each  other 

and  produce  effects  of  colour  according  to  the  general  law.     The  ratio  of  the  velocities  in  water  and  air  is  that 

of  three  to  four;  the  fringes  ought  therefore  to  appear  where  the  thickness  is  six  times  as  great  as  that  which 

•  corresponds  to  the  same  colour  in  the  common  case  of  thin  plates;   and  upon  making  the  experiment  with   a 

plane  glass  and  a  lens  slightly  convex,  he  found  the  sixth  dark  circle  actually  of  the  same  diameter  as  the  first 

in  the  new  fringes.     The  colours  are  also  easily  produced  when  butter  or  tallow  is  substituted  for  water,  and 

the  rings  then  become  smaller  in  consequence  of  the  greater  refractive  density  of  the  oils ;  but  when  water  is 

Padded  so  as  to  fill  up  the  interstices  of  the  oil,  the  rings  are  very  much  enlarged  ;    for  here  the  difference  of 

'velocities  in  water  and  in  oil  is  to  be  considered,  and  this  is  much  smaller  than  the  difference  between  air  and 

water.     AH  these  circumstances  are  sufficient  to  satisfy  us  of  the  truth  of  the  explanation,  and  is  still   more 

confirmed  by  the  effect  of  inclining  the  plates  to  the  direction  of  the  light;  for  then,  instead  of  dilating  like  the 

colours  of  thin  plates,  these  rings  contract,  and  this  is  the  obvious  consequence  of  an  increase  of  the  lengths 

I  of  the  paths  of  the  light  wliich  now  traverses  both  media  obliquely,  and  the  effect  is  everywhere  the  same  as 

I  that  of  a  thicker  plate.     It  must,  however,  be  observed,  that  the  colours  are  not  produced  in  the  whole  light 

^  that  is  transmitted  tlirough  the  media ;  a  small  portion  only  of  each  pencil  parsing  through  the  water  contiguous 

to  the  edges  of  the  particle  is  sufficiently  coincident  with  the  light  transmitted  through  the  neighbouring  portions 

of  air  to  produce  the  necessarj'  interference  ;  and  it  is  easy  to  show  that  a  considerable  portion  of  the  light  that 

id  beginning  to  pass  through  the  water  will  be  dissipated  laterally  by  reflexion  at  its  entrance,  on  account  of 

the  natural  concavity  of  the  surface  of  each  portion  of  the  fluid  adhering  to  the  two  surfaces  of  the  glass,  and 

that  much  of  tiie  light  passing  through  the  air  will  be  scattered  by  refraction  at  the  second  surface.     For  these 

reasons  the  fringes  are   seen  when  the  plates  are  not   directly  interposed  between  the  eye  and  the  luminous 

object.*'     (Young.  PkiL  Trans,    1802;  Account  of  fomf   Cases  of  the   Production  of  Colours.)     To   see   the 

phenomena  to  advantage,  we  may  add,  it  is  only  necessary  to  nib  up  a  little  froth  of  soap  and  water  almost  dry 

f*  between  two  plane  glasses,  and  hold  them  at  a  distance  from  the  eye  between  it  and  a  candle,  or  the  reflexion 

,of  the  sun  on  any  polished  convex  object.     If  two  slightly  convex  glasses,  or  a  plane  and  a  convex  one  be  use<l, 

the  coloorsj  arc  seen  arranged  in  rings. 
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§  VII.  Of  the  CoUmn  of  Fine  Fibret  and  Striated  Surfaces. 


700.  If  two  points  supposed  capable  of  reflecting  light  in  all  directions  (as  two  infinitely  small  spberAft^  Ac)  be  m 

Interference  q^^^  ^^^^  other  as  to  appear  to  the  eye  as  one,  and  if  rays  from  a  common  origin  r^ected  from  ihem  n«^  Ihi 
flectodfr^m  ®y^*  ^^^Y  ^^^^  interfere;  and  if  the  light  be  homogeneous,  its  intensity  will  vary  periodically,  with  an  mtcrralsf 
poinu  or  retardation  corresponding  to  the  difierence  of  their  paths ;  if  white,  the  colour  of  the  mixed  refl«(eted  ny  will  W 
the  same  as  if  it  had  been  transmitted  through  a  plate  of  air  of  a  thickness  equal  to  that  difl^rence,  bat  dcptivj 
of  its  diluting  white.  Suppose  two  exceedingly  fine  cylindrical  polished  fibres  to  be  placed  at  right  anglM  ii 
the  line  of  sight,  and  parallel  to  each  other,  as  in  fig.  141,  as  A  B  C,  a&c;  and  let  S  be  a  luminoui  point fm 
distant  with  respect  to  the  interval  of  the  fibres,  and  E  the  eye,  placed  so  as  to  receive  the  reflected  rays  B  ^ 
6  £,  which,  by  supposition,  are  near  enough  to  interfere.     Then  the  difierences  of  phases  of  the  rays  on  the 

(Sfe  +  6E)>-  (SB  +  BE)  _  ^_    bx  +  by 
X 


iioei  ver 
near  eaci 
other. 
Fig.  141 


retina  is  evidently  equal  to  2  «■  x 


=z2r  . 


supposing  B  9  and  Bf 


perpendicular  to  S  b  and  b  E.  If,  then,  we  suppose  I  and  i  to  be  the  angles  of  Incidence  of  the  rays  S  B,  EB 
on  the  plane  in  which  the  axes  of  the  two  cylinders  AC,  ac  lie,  and  put  B  6  their  distance  eqaal  to  a»  we  ka% 
for  the  difference  of  phases 


2w 


—-  .  (sin  I  +  sin  i). 
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Hence,  if  a  remain  the  same,  this  will  vary  with  the  obliquity  both  of  the  incident  and  reflected  ray  to  the  pkne 
of  the  axes  of  the  fibres  ;  and,  therefore,  if  that  plane  be  turned  about  an  axis  parallel  to  the  fibres,  a  sncoeiin 
of  colours  analogous  to  the  transmitted  series  of  those  of  their  plates,  but  much  more  vivid,  will  be  seen,  ai  if 
reflected  on  them. 

Any  extremely  fine  scratch  on  a  well  polished  surface  may  be  regarded  as  having  ^  concave,  cylindiicd,  m, 
at  least,  a  curved  surface  capable  of  reflecting  the  light  equally  in  all  directions ;  this  is  evident,  for  it  it  viiiblc 
in  all  directions.  Two  such  scratches,  then,  drawn  parallel  to  each  other,  and  then  turned  round  an  axis  p«dM 
to  both  in  the  sunshine,  ought  to  affect  the  eye  in  succession  with  a  series  of  colours  analogous  to  those  of  thh 
plates.  This  is  really  the  case.  Dr.  Young  found,  on  examining  the  lines  drawn  on  glass  in  Mr.  CovcntiT'i 
micrometric  scales,  each  of  them  to  consist  of  two  or  more  finer  lines  exactly  parallel,  and  at  a  distance  of  aboot 
one  10,000th  of  an  inch.  Placing  the  scale  so  as  to  reflect  the  sun's  light  at  a  constant  angle,  and  varying  the 
inclination  of  the  eye,  he  found  the  brightest  red  to  be  produced  at  angles  whose  sines  were  in  the  arithmrtifil 
progression  1,  2,  3,  4. 

In  the  beautiful  specimens  of  graduation  on  glass  and  steel  produced  by  Dr.  Wollaston,  Mr.  Barton,  tad 
M.  Fraunhofer,  single  lines  exactly  parallel  to  each  other,  and  distant  in  some  cases  not  more  than  one  10,OQOtli 
of  an  inch,  and  at  precisely  equal  intervals,  are  drawn  with  u  diamond  point.  If  the  eye  be  applied  dote  to  t 
reflecting  or  refracting  surface  so  striated,  so  as  to  view  a  distant,  small,  bright  light  reflected  in  it,  it  will  be  fleet 
accompanied  with  splendid  lateral  spectra,  which  evidently  originate  in  this  manner.  They  are  arranged  ia  t 
straight  line  passing  through  the  reflected,  colourless  image,  and  at  right  angles  to  the  direction  of  the  flOie. 
Their  angular  distances  from  each  other,  the  succession  of  their  colours,  and  all  their  other  phenomena,  are  ii 
perfect  agreement  with  the  above  explanation.  Their  vividness  depends  on  the  exact  equality  of  ilisttDCe 
between  the  parallel  lines,  which  causes  the  lateral  images  produced  by  each  pair  to  coincide  precisdyii 
distance  from  the  principal  image,  and  thus  to  produce  a  multiplied  effect.  If  the  distance  of  the  lines  be 
unequal,  the  images  from  different  pairs,  not  coinciding,  blend  their  colours,  and  produce  a  streak,  or  ray  of 
white  light.  This  is  the  origin  of  the  rays  seen  darting,  as  it  were,  from  luminous  objects  reflected  on  fnregidariy 
polished  surfaces.  These  colours  may  be  transferred,  by  impression  fipom  the  surface  originally  gradm^ed,  to 
sealing  wax,  or  other  sofl  body ;  or  fipom  steel,  by  violent  pressure,  to  sofler  metals.  It  is  in  this  way  that  thoae 
beautiful  striated  buttons  and  other  ornaments  are  produced,  which  imitate  the  splendour  and  play  of  cdom 
of  the  diamond. 

Dr.  Young  has  assimilated  the  colour  thus  produced  when  a  beam  of  white  light  strikes  on  a  succession  ef 
parallel  equidistant  lines,  to  the  musical  tone  heard  when  any  sudden  sound  is  echoed  in  succession  by  a  series 
of  equidistant  bars  having  flat  surfaces  situated  in  a  direction  perpendicular  to  the  line  in  which  they  are  arranged, 
for  instance,  an  iron  railing.  It  is  evident  that  such  echoes  will  reach  the  ear  in  succession,  at  precisely  equil 
intervals  of  time,  each  being  equal  to  the  time  taken  by  sound  to  traverse  twice  the  space  separating  the  bars ; 
and  thus  producing  on  the  ear,  if  the  bars  be  sufficiently  numerous,  the  effect  of  a  musical  sound.  (Phil.  Tram. 
1801  ;  On  the  Theory  of  Light  and  Colours,)  This  explanation,  however,  appears  to  us,  we  confess,  more 
ingenious  than  satisfactory.  The  pitch  of  the  musical  tone  produced  by  the  echoes  is  independent  of  the  soond 
echoed,  which  may  be  a  single  blow,  or  a  Tiowe,  (i.  c.  a  sound  consisting  of  non-periodic  vibrations,)  and  requires 
for  its  production  a  number  of  echoing  bars  sufficient  to  prolong  the  echoes  a  sensible  time.  On  the  other  hand, 
the  light  reflected  from  parallel  striae  depends  for  its  colour  wholly  on  the  incident  ray,  being  red  in  red  light, 
yellow  in  yellow,  &c. ;  and  is  produced  equally  well  from  two  or  from  twenty,  as  from  a  million  of  such  reflecting 
lines.  The  intensity,  not  the  colour, — the  magnitude,  not  the  frequency  of  the  impression  made  on  the  retina  by 
the  reflected  rays,  is  modified  by  their  interference.  We  think  it  necessary  to  point  out  this  defect  in  the  illus- 
tration in  question,  inasmuch  as  it  has  become  popular  for  its  ingenuity,  and  primd  facie  plausibility  ;  while,  in 
reality,  it  is  calculated  to  give  very  erroneous  impressions  of  the  analogy  between  sound  and  light. 
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A  sin|fle  scratch  or  furrow  in  a  surface  may,  as  that  eminent  philosopher  has  himself  remarked,  produce  colours 
Uy  the  mterference  of  the  rays  rcflectet!  from  its  opposite  ed^en,  A  spider's  thread  Is  often  seen  to  ^lea^ii  in 
the  suDshine  with  llie  most  vivid  colours.  These  may  arise  either  from  a  similar  cause,  or  from  the  thread  itself 
as  !^un  by  the  animal^  consisting  of  several,  a^j^lutinated  tog'ether,  and  thus  presenting'  not  a  cylindrical,  but  a 
furrowed  surface. 

The  phcfiomena  exhibited  by  Hgfht  reflected  from  and  refracted  through  the  polished  surface  of  mother  of 
pearl,  are,  no  doubt,  referable  in  pfreat  measure  to  the  same  principle,  so  far  as  they  depend  on  the  struclurc 
of  tlie  surface.  iJr.  Brewster  has  described  them  in  a  roost  curious  and  intereslin^  Paper,  (pnhlished  in  the 
Phil.  Tran9.  1814,  p.  397;)  and  a  writer  in  the  Edinhnr^h  PhUosophical  Journal,  vol  ii.  p.  117,  has  added 
some  further  particulars  illustrative  of  the  curious  and  artiticial  structure  of  this  singular  body.  Every  one 
knows  that  mother  of  pearl  is  the  internal  lining  of  the  shell  of  a  species  of  oyster.  It  is  composed  of  extremely 
thin  laminae  of  a  tou^h  and  elastic,  yet  at  the  same  time  hard  and  shelly  substance,  disposed  parallel  to  the 
irregular  concavity  of  the  interior  of  the  shelL  When,  therefore,  any  portion  of  it  is  fr^ound  and  polished  on  a 
plane  tool,  the  artificial  surface  so  produced  intersects  the  natural  surfaces  of  the  lamiiite  in  a  series  of  undulating: 
cur\*e9,  or  level-Jines,  which  are  nearer  or  farther  asunder,  accord ino^  to  the  varying^  obliquity  of  the  artificial  to 
the  natural  surfaces.  As  these  lamina?  adhere  imperfectly  to  each  other,  their  featker-edgvs  become  broken  up 
by  the  action  of  the  powders^  &c,  used  in  frrinding'  and  polishinjy  them,  so  as  to  present  a  series  of  ridges  or 
escarpments  arrang'ed  (when  any  very  small  portion  of  iae  surface  only  is  considered)  nearly  parallel  lo,  and 
equidistant  from  each  other*  which  are  distinctly  seen  with  a  microscope,  and  which  no  polishing-  in  the  least 
degree  obliterales  or  impairs.  The  light  reflected,  therefore,  or  dispersed  on  their  edges,  wiil  interfere  and 
produce  coloured  appearances  in  a  direction  perpendicular  to  that  of  the  striie.  This  is,  in  fact,  their  situation  ; 
hut  the  phenomena  are  modified  in  a  very  singular  manner  by  the  peculiar  form  of  the  edges  and  hollows, 
which  results,  no  doubt,  from  the  crystalline  structure  of  the  pearl.  That  it  is  the  configuration  only  of  the 
surface  on  which  they  depend,  is  evident  from  the  remarkable  fact,  that,  like  the  colours  described  in  Art.  702, 
they  may  be  transferred,  by  impression,  to  sealing  wax,  gum,  resin,  or  even  metalsi  with  little  or  no  diminution 
of  their  brilliancy  ;  and  the  impression  so  transferred,  if  examined  by  the  microscope,  is  found  to  exhibit  a 
faithfiU  copy  of  the  original  striae,  though  sometimes  so  minute  as  hiirdly  to  exceed  one  30t)0th  of  an  inch  in 
their  distance  from  each  other.  For  a  particular  description  of  this  very  curious  and  beautiful  class  of  pheno- 
mena, however,  our  iirnils  oblige  us  to  refer  to  the  original  memoirs  already  cited,  especially  as  their  theory  is 
stiJI  accompanied  with  some  obscurity. 


§  VIII.     Of  (he  Di fraction  of  Light 


When  an  object  is  placed  in  a  very  small  beam  of  light,  or  in  the  cone  of  rays  diverging  from  an  extremely      706. 
small  pwint,  such  as  a  sunbeam  admitted  through  a  small  pin-hole  into  a  dark  chamber,  or,  still  better,  through  FHuges 
an  opening  of  greater  size,  behind  which  a  lens  of  short  focus  is  placed,  so  as  to  form  an  extremely  minute  and  ^"^[^^  **- 
brilliant  image  of  the  sun  fi-om  which  the  rays  diverge  in  all  directions,  its  shadow  is   observed  to  be  bordered  ^^'^^  ***    ^ 
eTtternally  by  a  serie;*  of  coloured  fringes  which  are  more  distinct  the    smaller  the  angular  diameter  of  the  bodies  in  a 
luminous  point,  as  seen  from    the  object.     If  this  be  much  increased,   the   shadow   and  fringes  formed   by  its  smaU  Imjuik 
several  points,  regarded  each   as  an  independent  luminary,  overlap  and  confuse  each   other,   obliterating  the  of  ligl^^' 
colours,  end  producing  what  is  called  the  penumbra  of  the  object;  but  when  the  luminous  point  is  extremely 
minute,  the  shadow  is  comparatively  sharp,  and  the  fringes  extremely  well  defined. 

These  fringes  (which  were  first  described  by  Father  Grimaldi  in  a  work  entitled  Physico-Maikms  de  Lumifie,       707. 
Bologna,  1665,  and  aflerwards  more  minutely  by  Newton  in  the  third  book  of  his  Opticjt)  surround  the  shadows  of^'^^'" 
objects  of  all  figures,  preser\'ing  the  same  distance  from  every  part,  like  the  lines  along  the  sea-coast  in  a  map  ;  jtJ?Hb«d  *^* 
only,  where  the  object  forms  an  acute^  salient  angle»  the  fringes  curve  round  it ;   and  where  it  makes  a  sharp, 
reentering  one  they  cross,  and  are  carried  up  lo  the  shadow  at  each  side,  without  interfering  or  oblitera:ing  each 
other.     In   white  light  three  only  are  to  be  seen,  whose  colours,  reckoning  from  the  shadow,  arc  black,  violet, 
deep  blue,  light  blue,  green,  yellow,  red  ;  blue»  yellow,  red  ;  pale  blue,  pale  yellow,  pale  red.     In  homogeneous 
Hglll  they  are,  however,  more  numerous,  and  of  diflerent  breadths,  according  to  the  colours  of  the  light,  being 
nsrrowest  in  violet  and  broadest  in  red  light,  as  in  the  coloured  rings  between  glasses ;  and  it  is  by  the  rauttml 
superposition  of  the  ditferent  sets  of  fringes  for  all  the  coloured   rays  that   their  tints  are  produced,  and  their 
obliteration  afler  a  few  of  the  first  orders  caused. 

The  fringes  in  question  are  absolutely  independent  of  the  nature  of  the  body  whose  shadow  they  surround,      708. 
and  tlie  form  of  its  edge,     Neither  the  density  or  rarity  of  the  one,  nor  the  sharpness  or  curvature  of  the  other,  Are  twdc 
ha\nng  the  least  intlurnce  on  their  breadth,  their  colours,  or  their  distance  trom  the  shadow;  thus  it  is  indifferent  P^^'j^^^  ^^ 
whether  they  are  formed  by  the  edge  or  back  of  a  razor,  by  a  mass  of  plalina  or  by  a  bubble  in  a  plate  of  glass,  casting  ihi* 
(which,  thovigh  transparent,  yet  throws  a  shadow  by  dispersing  away  the  light  incident  on  it,)  circumstances  shadow. 
which  make  it  clear  that  their  origin  has  no  connection  with  the  ordinary  refractive  powers  of  bodies,  or  with 
any  eUdive  attraction  or  repulsions  exerted  hy  them  on  light;  for  such  forces  cannot  he  conceived  as  independent 
of  the  dennty  of  the  body  exerting  themj  however  minute  we  might  regard  the  sphere  of  their  action. 

To  see  tlie  fringes  in  question,  they  may  be  received  on  a  smooth,  white  surface,  and  exstmined  and  measured 
thereon  by  contrivances  which  readily  occur  ;  this  was  the  mode  pursued  by  Newton,     M,  Fresnel,  however  ^' 


^ 
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having  (to  avoid  the  inconvenience  of  inlercepting  the  I'ght  by  the  interposition  of  the  observer)  received  them  on  an  ^"^^"^ /'f 
emeried  glass  plate,  was  enabled,  by  placing  himself  behind  it,  to  approach  near  enough  to  examine  and  measure  "e^"^*^^ 
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Dffbt.      Ihetn  with  a  mftsrnifier.     In  so  doin^,  however,  he  observed,  tJmt  when  thus  once  brought  under  inspection,  thcj 
continued  visible,  and  were  indeed  ninch  brig'hter  and  more  dfstinct  tn  the  focus  of  the  lens  (as  if  depicted  ift  1 
air)  even  when  the  etneried  glass  was  ailogeiber  withdrawn  ;  and  this  fortunate  observation,  by  enabling  him  i 
nvoid  the  use  of  a  screen  altogpether,  and  to  perform  all  his  measurements  of  their  dimensions  by  the  nid  of  | 
micrometer,  put  it  in  his  power  to  examine  ihem  with  a  degree  of  minuteness  and  precision  no  other  waT  alt 
able,  and  (blly  adequate  to  the  delicacy  of  the  inquiry :  ihr  it  is  manifest  that  the  fringes,  being  seen  us 
would  be  formed  if  received  on  a  screen  in  (he  focus,  may  he  regarded  as  any  other  optical  imag*t:  formed  in 
focus  of  a  telescope,  viewed  with  any  magnitier,  and  treate<l  in  all  respects  as  such  ima|^. 
Whatever  mode  of  examining  them  we  ailopt,  however,  we  shall  observe  the  following  facts: 
Phmommoii  \,  That,  Cfrkris  parihus^  the  distances  from   each   other   and   from  the  border  of  the 
diminishes  its  the  screen  on  which  Ihey  are   received,  or  the  plane  in  the  focus  of  the  lens  in  which  theji  ; 
formed,  approaches  the  border  of  tlie  opaque  body,  and  ultimately  coincides  with  it,  so  that  they  seem  to 
their  origin  close  to  the  edge  of  the  body. 

Pk^nomenon  2.  That  they  are  not,  however,  propagated  in  straight  lines  from  the  edge  of  that  body  to  i 

distance,  but  in  hyperbolic  curves,  having  their  vertices  at  that  edge  ;  and  therefore  that  it  is  not  one  and  > ' 

HWie  light  which  forms  one  and  the  same  fringe  at  all  distances  from  the  opaque  body.      To  explain 

conceive  the  distances  of  the  fringes  from  each  other  and  from  the  shadow  measured  accurately  at  a  great  vi 

of  distances  from  the  edg;e  of  the  body  ;  then,  were  they  propagated  in  straight  lines,  and  were  each  irin^  i 

the  axis  of  a  pencil  of  rays  emanating  from  a  point  at  that  ed^e,  their  intervals  and  distances  from  the  shadoi 

ought  to  be  proportional  to  the  distances  from  the  edge  of  the  body;  but  it  is  not  so,  in  fact,— -the  fon 

distances  increasing  as  we  recede  from   the  opaque  body  much  more  rapidly  at  first,  and  less  so  as  we  ] 

than  according  to  (he  law  of  proportionality  ;   and  if  the  focus  of  each  fringe  be  laid  down  from  such  measun 

it  will  be  found  to  be  an  hyperbolic  cur\e  having  its  convexity  outwards  or  from  the  shadow.     Thus  in  fig.  lH' 

O  is  the  luminous  point,  A  the  edge  of  the  body,  an<l  G  H  a  screen  pcrjiendicular  to  the  straig^ht  line  O  ii,  C 

the  border  of  the  visible   shadow,  and  D,  E,  F  the  places  of  the  successive  minima  of  the  fringes  in  a  line  at 

right  angles  to  the  edge  of  the  shadow.     If  the  screen  be  brought  nearer  to  the  body  A  as  at  gh^  and  if  c,  <t  <;/ 

be  the  points  corresponding  to  C  !)  E  F,  their  loci  will  be  the  hyperbolas  AcC,  A  if  D,  &c, 

712.  It  will  be  noticed  also  that  the  border  C  of  the  visible  shadow  is  not  coincident  with  B,  that  of  the  geomdrieal 

Tiie  visible   one,  which  Hes  in  the  straight  line  O  A,  grazing  the  edg;e  of  the  object.     The  deviation  is  difficult  to  percent  in 

difenTfrom  *^^^  shadow  of  a  large  body,  having  iTothing  to  measure  from  ;  but  if  we  examine  those  of  very  narrow  liodifs 

the  peome-  ^^  ^^  ^  hmr,  for  instance,  in  such  a  beam  of  light  as  described^  we  shall  (ind  on  measuring  the  total  breadth  of 

rrical  one     the   shadow  a  full  proof  of  this.     This  fact  was  observed  by  Griraaldi.     The  limit     of  the  visible  shadow  also 

andiilArger*  follows  the  same  law  of  cur\nlinear  propagation   as   the  fringes.     Thus,  Newton  found  the  shadow  of  a  hiir 

one  2S0th  of  an  inch  in  diameter  placed  at  12  feet  distance  from  the  luminous  point,  to  measure  at  4  iticljes 

from  the  hair  ^  inch,  or  upwards  of  4  diameters  of  the  hair,  at  two  feet,  -j^  inch,  or  10  diameters;  while  at  li 

feet  it  measured  only  J  inch,  or  35  diameters,  instead  of  120,  which  it  should  have  done  if  the  raya  termiaatinp^ 

the   shadow  had  proceeded  in  straight  lines ;  or  rather,  to  speak  more  correctly,  if  the  shadow  were  boimdid  ^ 

straight  lines. 

To  account  for  these  remarkable  facts,  Newton  supposes  that  the  rays  passing  at  different  distances  from  the 
edges  of  bodies  are  turned  aside  outwards,  as  if  by  a  repulsive  force;  and  that  those  nearest  are  turned  mott 
aside  than  those  more  remote,  as  in  fig.  143,  where  X  is  a  section   of  the   hair,  and  AD,   BE,  C  F,  6^.  np 
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of  lijrht,  which  poss  at  diflcrent  distances  beside  it,  and  which  are  tonied  olf  at  angles  rapidly  diminishing  as  the  distance 

Fi;,\143!      increases  in  directions  D  G,  E  H,  FI,  &c.     It  is  manifest  that  the  curve  W  YZ,  to  which  all  these  deflected 

mys  are  tangents,  and  within  which  none  can  enter,  will  be  convex  outwanls;  and  its  curvature  will  be  greilat 

at  the  vertex  W,  and  will  diminish  continually  as  it  recedes  from   X,   being,  in  fact,  the  caustic  of  aU  the 

deflected  rays. 

71-1.  This  will  be  the  boundary  of  the  visible  shadow.     To  account  for  the  fringes,  he  supposes  {Optics,  book  iil 

'f'*vf  *^°""*  question  3)  that  each  ray  in  it-*  passage  by  the  body  undergoes  several  flexures  to  and  fro,  as  in  fig,  144  at  a, 

^   ^  ^  bt  c  ;  and  that  the  luminous  molecules,  of  which  that  ray  consists,  ore  thrown  olf  at  one  or  other  of  the  points 

of  contrary  flexure,  or  other  determinate  points  of  the  serpentine  curve   described   by  them  according  to  llie 

8tate  of  their  fits  in  which  they  there  happen  to  be,  or  other  circumstances;  some  outwards,  as  in  the  directioBf 

a  A,  6  B,  cC,  rfD,  and  others  we  mny  suppose  inwards,  as  «  a,  <j^,  c  y,  ike.     With  the  latter  we  have  here 

no  concern.     The  former,  it  is  evident,  will  give  rise  to  as  many  such  caustics  as  above  described,  as  that 

are  deflected  rays ;  and  each  caustic,  when  intercepted  on  a  screen  at  a  distance,  will  depict  on  it  the  maxiniufD 

of  a  fringe.     The  intervals,  however,  between  these  caustics,  or  minima  of  the  fringes,  will  not  be  totally  black; 

becavise  the  rays  from  the  other  caustics,  after  crossing  on  the  confines  of  the  shadow*  or  interior  fringes.  Ml  I 

pursue  their  course,  and  partially  illuminate  all   the  space  beyond.     Thus  the  fringes  should  be  less  nutnercws 

and  the  degradatiort  of  colour  more  rapid  than  in  the  coloured  rings. 

This  theory  accounts  then  perfectly  for  the  cun'ilinear  propagation  of  the  fringes,  for  tJieir  rapid  degradation, 
for  their  apparently  originating  in  the  very  edge  of  the  liody,  (since  each  caustic  will  actually  come  up  to  thai 
edge,  as  at  A,  fig.  142,)  and  for  the  remarkable  brightness  of  the  fringes,  especially  the  first,  which  reallv 
contnains  in  itself  all  the  light  which  would  have  passed  into  the  region  B  C  between  the  visible  and  gt'ome* 
trica!  shadows.  It  should  appear,  therefore,  that  M.  FresneU  in  the  objections  be  has  taken  against  tliesc  potnti 
of  the  Newtonian  doctrine  of  inflexion  in  his  excellent  work  Sur  tn  Diffraction  de  (a  Lumiere,  (§l,p.l5,  17,19,) 
must  have  formed  a  very  inadequate  conception  of  the  doctrine  he  opposes,  which,  if  viewed  in  the  light  he  hii 
there  placed  it  in,  would  indeed  deserve  no  other  epithet  than  puerile,  and  must  be  looked  upon  as  quite  unworthf 
of  it9  illustrious  author ;  and  were  these  the  only  difficulties  to  be  explained,  we  should  certainly  not  be ; "*  * 
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in  passing  a  hasty  sentence  on  it.     Other  objectiona  advanced  by  the  aame  cmtDent  philosopher^  however,  arc    Part  IIL 

mare  t^erious,  and  refer  to  a  pheuomenon  of  which  the  doctrine  of  deflective  forces  seems  incapable  of  ffiving"  ^ -l_ 

any  account ;    but  of  wltich,  in  justice  to  Newton  we  ought  to  add,  it  does  oot  appear  that  he  was  aware^  or 
its  importance  could  not  fail  to  have  struck  him. 

Phenomenon  3.  All  other  thing's  remaining  Uie  same,  let  the  opaque  body  A  be  brought  nearer  the  luminous      716, 
pomt  O,  (fig'.  142.)   The  fringes  then,  formed  at  the  same  distance  as  before  behind  A,  are  observed  to  dilate  con-  OiUution 
siderably  in  breadth, — preserving"*  however,  the  same  relative  distances  from  each  other,  and  from  the  border  of  the  ^^  ^® 
shadow.     This  fact  is  evidently  incompatible  with  the  idea  of  their  being  caused  by  any  deflecting  force  emanating  '["'"a**  ^y 
from  the  opaque  body,  since  it  is  inconceivable  that  such  a  force  should  depeud  on  the  distance  the  light  has  n^^  f 
travelled  from  another  point  no  way  related  to  the  body.  t^^  rtdiant 

To  explain  the  diffracted  fringes  on  the  undulatory  doctrine.  Dr.  Young  conceived  the  rays  passing  near  the  point- 
edly of  the  opaque  body  to  intertere  with  those  reflected  very  obliquely  ojt  its  edge,  and  which   in  the  act  of      '''17. 
reflexion  had  lost  half  an  undulation,  as  in  the  case  of  the   reflected  rings.     This  supposition  would,  in  fact^  Dr.Younj|*i 
lead  us  to  conclude  the  existence  of  a  series  of  fringes  propagated  hyperbolical  I y,   and  perfectly  resembling  ^f  th*^^^"** 
those  really  existing.     M*  Fresnel,  however,  has  shown  that  a  minute  though  decided  difference  exists  between  fringes  on 
their  places,  as  given  by  this  theory  and  by  direct  measurement ;  and  has,  moreover^  remarked,  that  were  this  the  unduk- 
the  true  explanation,  they  could  hardly  he  supposed  absolutely  independent  of  the  figure  of  the  edge  of  the  '*^'T 
opaque  body,  which  experience  shows  they  are ;   and  that  in  cases  where  this  edge  is  extremely  sharp,  the  small  ^Jl'^^""^ 
quantity  of  light  which  could  be  reflected  from  it  would  he  insufficient  to  interfere  with  that  passing  by  it,  so  as  agMMtir 
lo  form  fringes  so  bright  as  we  see  them.     These  objections  appear  conclusive,  especially  as  the  supposition  of 
a  reflexion  on  the  edge  of  the  body  is  unnecessary,  since  a  more  strict  application  of  the  undulatory  doctrine, 
aasifited  by  the  principle  of  interierences,  will  be  found  to  afford  a  full  and  precise  explanation  of  all  the  facts, 
regarding  the  opaque  body  as  merely  an  obstacle  bounding  the  waves  propagated  from  the  Juminoos  point  on 
one  side. 

To  show  this,  let  us  consider  a  wave  A  MF  propagated  from  O,  and  of  which  all  that  part  to  the  right  of  A      718, 
(%*  145)  is  intercepted  by  the  opaque  body  A  G ;  and  let  us  consider  a  point  P  in  a  screen  at  the  distance  A  B  Frcsnel'* 
beliind  A.  as  illuminated  by  the  undulations  emanating  simultaneously  from  every  point  of  the  portion  A  M  F,  «Jti>larntion 
according  to  the  theory  laid  down  in  Art,  62S,  tt  $eq.     For  simplicity,  let  us  consider  only  the  propagation  of  ^^^'  ^^^* 
undulations  in  one  plane.     Put  AO  =z  a,  AB  —  b,  and  suppose  X  =  the  length  of  an  undulation ;  and  drawini' 
P  N  any  tine  from  P  to  a  point  near  M,  put  PF^/NM  =  f,  PB  =  x;  then,  supposing  P  very  near  to  B, 


Land  with  centre  P  radius  P  M  describing  the  circle  QM,  we  shall  have/=  P  Q  -f-  Q  N  ==  ^  («r  +  6;*-f-  x*  —  a 
4-  Q  N  =  6  +  Trrm^  +  Q  N.  Now,  Q  N  ib  the  sum  of  the  versed  sines  of  the  arc  a  to  radii  O  M  and  P  M, 
and 


and  is  therefore  equal  to 


20M^2PM 
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^;  so  that,  finally. 
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2  (a  +  6) 

Now,  if  we  recur  to  the  general  expression  demonstrated  in  Art  632,  for  the  motion  propagated  to  P  from 
any  limited  portion  of  a  wave,  we  shall  have  in  this  case  « .  0(^)  —  1,  because  we  may  regard  the  obliquity  of 
all  tlie  undulations  from  the  w  hole  of  the  efficacious  part  of  the  surface  A  M  N  as  very  trifling,  when  P  is  very 
distant  from  A  in  comparison  with  the  length  of  an  undulation.  And  as  we  are  now  only  considering  undu- 
lations propagated  in  one  plane,  that  expression  becomes  merely  V  =  Jd  s  .  sin  2  jt  i  —  —  ^=—  1^  and  the  cor- 
responding expression  for  the  excursions  of  a  Tibrating  molecule  at  P  will  be 


<4-^> 


B  X  ^fd9  .  cos  2 

I    If  then  we  put  for  /  its  value,  and  take 

^^Sd  consider  that  in  those  expressions  i  and  ^  remain  constant,  while  f 
form 
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abX 

only  varies,  the  latter 


will  take  the 


=  V  "s^ipy  ^  {*^*^^  ^  /'^  "'^^^ (f  *'*)  +  ^'" ^  '/^ "  ■  '^^  (^ '"  )}* 


■   which  shows  that  the  total  wave  on  arriving  at  P  may  be  regarded  as  the  resultant  of  two  waves  X' ,  cos  0 
I   and  X'' .  sin  ^,  diflering  in  their  origin  by  a  quarter-uudulation,  and  whose  amplitudes  X^  and  X^'  are  given  by 
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!ie  integrals  being  taken  between  limits  of  v  corresponding  to  t  =  —  AM,  and  «  =  -(-  od. 
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Since 
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the  limits  of  v  must  be 
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and  I'  :^  -f*  *^  • 


+  h)  b  X 
Hence,  to  determine  the  intensity  of  the  light  at  any  point  P  on  the  screen,  we  mast  first  of   all  calculatl 


Rule  for       the  values  of  these  integrals;  and  having  tlius  determined  X'  and  X",  the  square  root  of  the  sum  of  their  squi 
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^  X'*  -f  X"*  will  represent  the  amplitude  of  a  single  vibration,  the  resultant  of  both,  (Art,  615  ;)  and  ihen 
their  squares  simply  (X'*-!^  X'^^),  the  intensity  of  the  WghU  or  the  sen?3ution  produced  in  the  eye. 

M.  Fresnel,  in  the  work  already  cited,  has  g^tven  a  table  of  the  values  of  these  integrals  for  limits  fl 
sively  increasing  from  0  up  to  or?,  (at  which  latter  limit  each  is  equal  to  |,  as  may  readily  Ije  proved ;)  and,  laleii* 
latin g  on  this,  he  finds  that  the  intensity  of  the  light,  without  the  limit  of  th^  geometrical  8hadow» 
through  a  series  of  maxima  and  minima  according  to  the  following  table : 


Tablt  of  the  Maiima  and  Minima  fir  the  Exierior  Fringes,  and  of  the  Corresponding  Tntmsitiei  of  tn^  Lt^M 

illuminating  them. 


Valii€S  of », 

tntensiiies 
tjf  the  light. 

Vatuei  of  t. 

of  the  light. 

First  maximum  . .  , . 

1.2112 

2.7413 

Fourth  minimum     .  . 

3.9372 

L7783 

First  minimum  .... 

1.B726 

1.5570 

Fiflh  maximum  .... 

4,1832 

2.2206 

Second  maximum  , , 

2.3449 

2.3990 

Fifth  minimum  ,  . , , 

4.4160 

1.8014 

Second  minimum   . . 

2,7392 

1,6857 

SiKth  maximum  * , . . 

4.6069 

2.1985 

Third  maximum 

3.0820 

2J022 

Sixth  minimum  , . ,  , 

4.8479 

1.8185 

Third  minimum  . . ,  . 

3.3913 

L7410 

Seventh  maximum.  , 

5.0500 

2.1819 

Fourth  maximum  , , 

3.5742 

2.2523 

Seventh  minimum  . . 

6,2442 

1.8317 
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In  this  it  is  to  be  remarked,  that  no  minimum  is  zero,  and  that  the  difference  between  the  successive  maiim»«' 
and  minima  diminishes  very  rapidly  as  tlie  values  of  u  increase,  which  explains  the  rapid  degradation  of  their 
tints. 

If  the  point  P  be  situated  on  the  ver}^  edge  of  the  geometrical  shadow,  its  illumination  should  on  this  Uiaoi} 
he  (I  )^  +  (  J)^  =  J.  To  compare  this  with  the  illumination  of  the  same  point,  were  the  opaque  body  remored, 
we  have  only  to  consider,  that  at  a  great  distance  from  the  shadow  the  light  must  be  the  same,  whether  the 
body  be  there  or  not  Now  the  limit  to  which  the  maxima  [and  minima  approximate  is  2*  which  therefore 
represents  the  uniform  illumination  beyond  the  fringes ;  so  that  the  light  on  the  border  of  the  geometrical 
shadow  is  equal  to  J  of  the  full  illumination  from  the  radiant,  point. 

Within  ihe  shadow  we  have  only  to   make  s  or  v  negative.     This  does  not  alter  the  values  of  the  integrals, 


but  it  does  their  limits,  which  must  in  that  ease  be  taken  not  fi^m  v 
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to  *f  Qfj.     The  computations   have  been   executed  by  M.  Fresnel,  who ' 
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that  no  periodical  increase  or  decrease  here  takes  place,  but  that  the  light  degrades  rapidly  and  con 
witliin  the  geometrical  shadow  to  total  darkness. 

The  actual  visible  shadow  then  is  marked  by  no  sudden  defalcation  of  light,  and  it  will  depend  on  the  jud 
of  the  eye  where  to  establish  its  termination.     If  we  regard  all  that  part  as  shadow  which  is  less  illnminHad  t 
the  general  light  of  the  screen  beyond  the  fringes,  then  the  visible  shadow  will  extend  considerably  beyond  1 
geometrical  one,  and  this  explains  why  the  shadows  of  small  bodies  are  so  much  dilated,  as  we  have 
they  are. 

If  we  would  know  the  breadths  of  the  several  fringes,  we  have  only  to  find  the  values  of  jp  In  the  equation 


T 


where  v  has  in  succession  the  several  values  set  down  in  the  foregoing  table.     If  we  consider  the  variation  of  m^ 
for  successive  values  of  a  and  b,  we  shall  see  the  origin  both  of  the  cumlinear  propagation  of  the  fringea*  and  of 
their  dilatation  on  the  approach  of  the  luminous  point.     In  fact  if  we  regard,  first,  the  relation  between  b  andi, 
or  the  locus  of  any  fringe  regarded  as  a  curve,  having  the  line  A  B  for  an  abscissa  and  B  P  as  an  orditiate*  mt 

have  j«  ==  *f«  --^4  b  H-  —  V  which  is  the  equation  of  an  hyperbola  having  its  convexity  outwards  and  pas^nf 

through  A.    Secondly,  on  the  other  hand,  if  we  regard  a  as  the  variable  quantity  and  b  as  constant,  we  see  that  for 
one  and  the  same  distance  from  the  screen,  the  breadths  of  the  fringes  increase  as  a  diminishes;  the  increments  oL 
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their  squares,  as  the  incident  rays  from  bein^  parallel  become  more  divergent,  being  direettf  aa  their  diver-   Pad  III 
^  g^nce.     Thirdly,   for    equal   values  of  K  a,  and   6,  x  is  proportional  to  v  ;   so  that  the  breadths  of  the  several  > 
frLog'es  are  alwaya  in  the  same  ratio  to  each  other,  and  form  a  prog^ression  the  same  with  those  of  the  values  of 
>»  in  the  foreg'oiug^  tabic.    Lastly,  the  breadtlis  of  the  fmges  for  di^ereat  coloured  rays  are  as  the  square  roots  of 
the  lengths  of  tlieir  undulations* 

The  accordance  of  this  theory  with  experiment,  so  far  as  it  regards  the  distances  of  the  fringes  from  the  725. 
shadow  and  from  each  olher»  has  been  put  to  a  severe  test  by  M.  Fresiiel,  and  fouod  perfect*  It  were  to  be 
wished,  however,  that  he  had  stated  somewhat  more  precisely  the  instrumental  means  by  which  he  determined 
the  place  of  the  border  of  the  g-^^we^rica/ jfAeir<io?i?,  from  which  his  measures  are  all  slated  to  be  taken;  and 
which,  beinfj:  marked  by  no  phenomenon  of  maximum  or  minimum »  might  be  liable  to  uncertainty  if  judged  of 
by  the  eye  alone.  This,  however,  in  no  way  invaiidates  the  accuracy  of  the  final  conclusions,  as  the  intervals 
beCween  the  fringes  are  distinctly  marked,  and  susceptible  of  exact  measurement.  The  dilatation  of  the  fringes 
on  the  approach  of  the  luminous  point  is»  perhaps,  the  strongest  fact  in  favour  of  tlie  uudulatory  doctrine,  and 
in  opposition  to  that  of  inflection,  which  has  yet  been  adduced.  It  seems  hardly  reconcilable  to  any  received 
ideas  of  tJic  action  of  corpuscular  forces,  to  suppose  the  force  of  deflection  exerted  by  the  edge  of  a  body 
on  a  passing  ray*  to  depend  on  the  distance  which  the  ray  has  passed  over  before  arriving  at  that  <*dge  from 
an  arbitrarily  assumed  origin.     M.  Fresnel  has  placed  this  argument  in  a  strong  light,  in  his  work  already  cited. 

Besides  the  exterior  fringes  above  described,  there  are  others  formed  in  certain    circumstances  within  the      726. 
shadows  of  bodies  which  afford   peculiarly  apt  illustrations  of  the  principle  of  interferences.     The  first  class  of  Fringes 
phejiomena  of  this  kind  was  noticed  by  Grimaldi,  who  found  that  when  a  long,  narrow  body  is  held  In  a  small  *>J'^eiTcd  by 
diverging  beam  of  light,  the  shadow  received  on  a  screen  at  a  distance  will   be  marked  in  the  direction  of  its  ^""^*^'^^ 
length  with   alternate  streaks  or  fringes  brighter  and  darker  than  the  rest.     These  are  more  or  less  numerous,  narrow 
according  as  the  distance  of  the  shadow  from  the  body  is  smaller  or  greater  in  proportion  to  the  breadth  of  the  shadows. 
Katter.     To  sttidy  the  phenomena  more  minutely.  Dr.  Young  passed  a  simbeam  through  a  hole  made  w ith  a 
fine  needle  in  thick  paper,  and  brought  into  the  diverging  beam  a  slip  of  card  one-thirtieih  of  an  inch  in  breadth, 
and  observed  its  shadow  on  a  while  screen  at  dltierent  distances.     The  shadow  was  divided  by  parallel  bands, 
as  above  described,  but  the  amtral  line  wm  always  white.     That  these  bauds  originated  in  the  interference  of  DrYoung'* 
the   light  passing  on   both  sides  of  the  card,  Dr,  Young  demonstrated  beyond    all  controversy,   by  simply  f^^^'Jaaien- 
intercepting  the  light  on  one  side  by  a  screen  interposed  between  the  card  and  the  shadow,  leaving  the  rays  fpr^nee'^' 
on  the  other  side  to  pass  freely,  in  the  manner  represented  in  fig,  146,  where   O  is    the   hole,  A   B  the  card,  fjg,  h'^, 
E  F  its  shadow,  and  C  D  the  intercepting  body  receiving  on  its  margin  the  margin  of  the  shadow  of  the  edge 
6  of  the  body.      In  this  arrangement  all  the  fringes  which  had  liefore  axisted  in  the  shadow  E  F  immediately 
disappeared,  although  the  light  inflected   on  the   ed^e^  A   w^as  allowed  to   retain  its  course,  and  must  have 
necesfiarily   undergone  any  moditication  it  was  capable  of  receiving  from  the  proximity  of  the  other  edge  B, 
Tile  same  result  took  place  whett  the  intercepting  screen  was  placed  as  at  c  rf  before  the  edge  B  of  the  body, 
so  as  to  throw  its  own  shadow  on  the  margin  B  of  the  card. 

Without  entering  minutely  into  the  rationale  of  this  phenomenon,  which,  however,  the  formul®  of  the  pre-      727, 
ceding  articles  enable  us  fully  to  do,  by  considering  the  illumination    of  any  point  X  between  E  and  F  as  Expla- 
arising  from  the  whole  wave  a  A  B  6,  niinm  the  portion  A  B,  and   which  M.  Fresnel  has  done  at  full   length,  nauon, 
and  with  great  success,  in  his  Memoir  already  so  often  cited  ;    we  shall  content  ourselves  with  showing  how 
firin^es  or  alternations  of  colour  must  originate  in  such   circumstances;    in   fact,  if  we  join  AX,  B  X^  the 
difference  of  routes  of  the   waves  arriving  at  X   by  the  paths  O  AX,  OB  X  is   equal  to  B  X  —  A  X,     It  is 
therefore  nothing  in  t!ie  middle  of  the  shadow  E  F,  which  ought  tliercfore  to  be  illuminated  by  double  the  light 
deflected  into  the  shadow  at  that  distance  by  either  edge.  Art.  722*  which  will  be  less  as  the  object  is  larger, 
and  the  shallow  broader.     But  on  either  side  of  the  middle  B  X  —  A  X  increases ;    and  when  it  attains  a  value 
equal  to  half  an  undulation,  the  waves  are  in  complete  discordance,  and  therefore  the  middle  bright  portion  will 
be  succeeded  by  a  dark  band  on  either  side,  and  these  again  by  bright  ones,  and  so  on. 

An  elegant  variation  of  this  experiment  of  Dr.  Young  is  aiforded  by  a  phenomenon  described  by  Grimaldi.       729. 
When  a  shadow  is  formed  by  an  object  having  a  rectangular  termination  ;    besides  the  usual  external  fringes  Grim^Idr* 
there  are  two  or  three  alternations  of  colours,  beginning  from  the  line  which  bisects  the  angle,  disposed,  within  created 
the  shadow  on  each  side  of  it,  in  ciir\^es  which  are  convex  towards  the  bisecting  line,  and  w^hich  converge  towards  ^'■"'S^*' 
it  as  they  become  remote  from  tlie  angular  point.     These  fringes  are  the  joint  effect  of  the  light  spreading  into 
the  shadow  from  each  outline  of  the  object,  and  interfering  as  above  ;  and  that  they  are  so,  is  proved  by  placing 
a  screen  within  a  few  inches  of  the  object,  so  as  to  receive  only  one  edge  of  the  shadow,  when  the  whole  of  the 
fringes  disappear.     It  on  the  other  hand,  the  rectangular  point  of  the  screen  be  opposed  to  the  point  of  the 
Bhadow,  so  as  barely  to  receive  the  angle  of  the  shadow  on  its  extremity,  the  fringes  will  remain  undisturbed. 
(Yonng.  Experiments  and  Calculations  relating  to  Physical  Optics,  PhiL  Tram.,  1803.) 

Such  are  some  of  the  more  remarkable  appearances  produced  within  and  beyond  the  shadows  of  narrow 


_  729, 

And  the"  first  9-*?^^/ 


bodies.     X#et  us  next  consider  the  effect  of  transmitting  a  beam  through  a  very  narrow  aperture, 
c^&e  is  when  the  aperture  is  circular.     Suppose,  for  instance,  we  place  a  sheet  of  lead,  having  a  small  pin-hole  ^^,^j^^ 
pierced  through  it,  in  the  diverging  cone  of  rays  from  the  image  of  the  sun,  formed  by  a  kns  of  short  focus,  and  »(naU 
in  the  line  joining  (lie  centres  of  the  hole  and  focus  prolonged  place  a  convex  lens  or  eye-glass,  behind  which  eircular 
the  eye  is  applied.     The  image  of  the  hole  will  be  seen  through  the  lens  as  a  brilliant  spot,  encircled  by  rings  *periure, 
of  colours  of  great  vividness,  which  contract  and  dilate,  and  undergo  a  singular  and  beautiful  alternation  of  tints, 
a$  tiie  distance  of  the  hole   from  the  luminous  point  on  the  one  hand,  or  on  the  eye-glass  on  the  other,  is 
ctianged.     When  the  latter  distance  is  considerable,  the  central   spot  is  white,  and  the  rings  follow  nearly  the 
order  of  the  colours  of  thin  plates.     Thus,  when  the  diameter  of  the  hole  was  about  ^^^th  of  an  inch,  its  distance 
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(a)  from  the  luminous  point  about  6  feet  6  inches^  and  its  distance  (h)  from  the  eye*lefts  24  incheKt  the 

of  colours  was  observed  to  be. 


1st  order. 
2d  order. 

briUiant* 
3rd  order, 
4  th  order. 
5th  order, 
6th  order, 
7  th  order. 


White 
Violet 


pale  yellow;  yellow;  orang^e;  dull  red, 

blue  (broad  aud  pure ;)  whitish  ;  greenish  yellow  ;  line  yellow ;  orange  red^  irery  full  and 


aeriet  li 

■ 


brilliant  gfreen  ;  yellow  green  ; 
bluish  white :  red. 


red* 


Purple  ;  indigo  blue ;  greenish  blue ;  pure, 
Good  green,  but  rather  sombre  and  bluish  ; 
Dull  green  ;   faint  bluish  white  ;  faint  red. 
Very  faint  green  ;  very  faint  red. 
A  trace  of  green  and  red. 
When  the  eye-lens  and  hole  are  brought  nearer  together,  the  central  white  spot  contracts  into  a  point 
vanishes,  and  the  rings  gradually  close  in  upon  it  in  succession,  so  that  the  centre  assumes  in  succession 


730. 
Tmble  or 

ttoTiral  swot  ^^^*  surprisingly  vivid  and  intense  hues.  Meanwhile  the  rings  surrounding  it  undergo  great  and  abrupt  change* 
and  sue-  ^^  *h^^^  tints.  The  following  were  the  tints  observed  in  an  experiment  made  some  years  ago,  (July  12,  1919,) 
rounding  the  distance  between  the  eye-glass  and  luminous  point  (ji  +  b}  remaining  constant,  and  the  hole  being  gradually 
nog*.  brought  nearer  to  tlie  former. 


b^ 

Ceatra!  Spot. 

Surrounded  hj 

24.00 

White 

Rings  as  in  the  foregoing  Article. 

18.00 

White 

fThe  two  first  rings  confused,  the  red  of  the  3rd  and  green  of  the  4th 

i          orders  splendid. 

13.50 

Yellow 

J  Interior  rings  much  diluted,  the  4th  and  5th  greens  and  3fd,  4th  and  5lh 

\         reds  the  purest  colours. 

10.00 

Very  iutense  orange 

All  the  rings  are  now  much  diluted. 

9.25 

Deep  orange  red 

The  rings  all  very  dilute. 

9.10 

Brilliant  blood  red 

The  rings  all  very  dilute. 

8.75 

Deep  crimson  red 

Tlie  rings  all  very  dilute. 

8.36     1 

Deep  purple 

The  rings  all  very  dilute. 

8.00 

Very  sombre  violet 

A  broad  yellow  ring- 

7.75 

Inten.se  indigo  blue 

A  pale  yellow  ring. 

7.00 

Pure  deep  blue 

A  rich  yellow. 

6.63 

Sky  blue 

A  ring  of  orange,  from  which  it  ia  separated  by  a  narrow,  sombre  space. 

6.00 

Bluish  white 

r  Orange  red,  then  a  broad  space  of  pate  yellow,  after  which  the  other  rings 
1          are  scarcely  visible. 

5.85 

Very  pale  blue 

A  crimson  red  ring. 

5.50 

Greenish  white 

Purple,  beyond  which  yellow  veiging  to  orange. 

5.00 

Yellow 

Bkie,  orange. 

4.75 

Orange  yellow 

Bright  blue,  orange  red,  pale  yellow,  white. 

4.50 

Scarlet 

Pale  yellow,  violet,  pale  yellow,  white. 

4,00 

Red 

White,  indigo,  dull  oraufs^e,  white. 

3.85 

Blue 

White,  ydlow,  blue,  dull  red. 

3.50 

Dark  blue 

Orange,  light  blue,  violet,  dull  orange. 

731. 

Frc*suel'» 
analysis  of 
this  case. 


The  series  of  lints  exhibited  by  the  central  spot  is,  evidently,  so  far  as  it  goes,  that  of  the  reflected  rings  in  i 
colours  of  thin  plates.    The  surrounding  colours  are  very  capricious,  and  appear  subject  to  no  law.    They  depen 
indeed,  on  very  complicated  and  unmanageable  analytical  expressions,  with  which  we  shall  not  trouble  the  readc 
but  content  ourselves  with  presenting  the  explanation  given  by  M.  Fresnel  of  the  changes  of  tint  of  the  central  s^ 
in  while  light,  and  its  alternations  of  light  and  total  darkness  observed  by  him  in  an  homogeneous  illumiuatJQ 
Let  then  a  and  6  be  the  distances  of  a  small  hole  whose  radius  is  r  from   the  luminous  point,  and   a  scf 
placed  liehind  the  hole  perpendicularly  lo  the  ray  passing  directly  through  its  centre.     Then  if  we  consider 
infinitely  narrow  annulus  of  the  hole  whose  radius  is  2,  and  breadth  dz,  this  annulus  will  send  to  the  centi 
point  of  the  screen  a  system  of  waves  whose  intensity  is  proportional  to  the  area  of  the  annulus,  or  2  w zdi 
but  whose  phase  of  undulation  differs  from  that  of  the  central   ray,  by  reason  of  the   difference   of  the   pall 
described  by  them.     Now,  calling/  the  distance  of  each  point  in  the  annulus  from  the  centre  of  the  screen,  ^ 
have/'  =  6^4"  *^  ^^^*  ***  1*^^  manner,  if/'  be  the   distance   of  the   luminous  point  frem  the  same  annula 
/"«  ==  a«  4-  jc',   80  that  (/  +  /O  —  (a  +  6)   the  diflerence  of  paths,   or  interval   of  retmlation,    is   equal  to 

2^/1  l\       r»  {» -f  6) 

^-  [  —  +  Y  1  =  — 2^"  *     Hence,  the  general  expression  in  Art.  632  for  the  amplitude  of  the  total  wave, 

incident  on  the  centre  of  the  screen  in  this  particular  case,  is  equivalent  to 


r 
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or,  iategraimg^  which  fixim  the  peculiar  form  of  the  diflTerentfal  is  m  this  case  easy* 

|canat  +  co82.,(--— ^)} 
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Pmrt  III. 


x  = 


a+b 

which,  extended  from  r  =  0  to  2  =  r,  g^ves 

a  bX 


X  = 


a  +  b 


ab\    f  ^ 


SID  — ^^ r-- ,  GID  2  V 


abX 


T  '^{^^ 


-1).  cos  2  4}- 


73^. 


This  expresses,  as  we  have  before  remarked  in  a  similar  case,  (Art.  718,)  two  partial  waves  differing  by  a  quarter- 

t 
undulation,  and  expressing  it,  as  in  that  case,  by  X  =5  X' .  cos  ^  -f*  X"  ,  sin  ^,  where  0  ^  — ,  we  find  for  the 

.kitensity  A*  of  their  resultant 

To  make  use  of  this,  however,  we  must  compare  it  with  what  would  be  the  direct  illumination  of  the  centre 
of  the  screen,  if  the  aperture  were  infinite,  L  «.  if  the  direct  light  from  the  luminous  point  shone  full  upon  it.  !-      ?^r 
To  this  case,  however,  neither  our  formula  nor  our  reasoning  are  applicable  ;    for  if  we  make  r  infinite  in  this  central  tiioi 
expression,  it  becomes  illusory,  and  presents  no  satisfactory  sense,  and  in  our  reasoning"  we  have  neglected  to  compared 
^eoDsider  the  law  of  diminution  of  the  intensity  of  the  oblique  waves,  or  regarded  4>  (0)  in  Art.  631  as  invtiriahle,  wiib  the 
which  in  this  extreme  case  is  far  from  the  truth.     We  must,  therefore,  have  recourse  to  another  method.     Now,  ^^}  '^l""^'* 
il.  Fresnel  has  demonstrated   (and  our  limits  oblige  us  to  take  his  demonstration  for  granted)  that   this  total  p^^!^'J,*'g*l', 
fllumination  is  equal  to  one-fourth  of  that  which  the  centre  of  the  screen  would   receive  from  an   opening   of  iheofem. 
tuch  a  radius,  that  the  diCerence  of  routes  of  a  ray  passing  through  the  centre,  and  one  diffracted  at  the  ctrcum- 


unit  consequently. 


If  then  we 


^ereiice,  shall  he  an  exact  semi-undulation,  L  e,    in  which  —       ,       =  — ,  or  f  =  \/  — 

2a  b  2  V     a 

luhsiitute  this  for  r  in  the  above  formula,  and  put  C  for  the  whole  illumination,  we  get,  on  the  $ame  scale, 

-(^J  K)" = ■  (^J 

In  this  expression  r,  Oj  b  are  independent  of  X,  and  therefore  the  value  of  A*  is  of  the  form  4  C  f  sin  2  «■ .  ■-  )       733 

*  \  Ay   Tire  colo 

(a  +  b)  r*  ^^'***®  **f 

where  B  =  — j — - — ,     Hence,  if  we  suppose  light  of  all  colours  to  emanate  from  the  luminous  point,  the  reflected 

'compound  lint  produced  in  the  central  point  of  the  screen  wiJl  be  represented  by  S  4  4  C  -  f  sin  2  ar  —  j  r  and 


OllP» 

tho«e  of  I  he 

reflect 

rings, 


(a+  h)  1* 
Aab 


will  therefore,  by  Art,  673,  he  the  same  with  that  reflected  by  a  plate  of  air  whose  thickness  Is  B,  or 

which  increases  as  6  diminishes  when  «  + ^  remains  constant.  Thus  we  see  the  origin  of  the  succession  of 
Colours  of  the  central  spot  in  the  Table  above  recorded,  which  is  the  more  satisfactory,  as  that  experiment  was 
made  without  reference  to,  and  indeed  in  ignorance  of,  this  elegant  application  of  M.  Fresnel*s  general  principles, 
|lhe  merit  of  which  is  due  (as  he  himself  states)  to  M.  Poisson,* 

Another  very  curious  result  of  M.  Poisson's  researches  is  this,  that  the  centre  of  the  shadow  of  a  very  small       734. 
circular  opaque  disc,  exposed  to  light  diverging  from  a  single  point,  is  precisely  as  much   illuminated   by  the  Poision's 
diffiracted  waves  as  it  would  be  by  the  direct  light,  if  the  disc  were  altogether  removed.     We  cannot  spare  room  J^^" il^  U^ 
foT  the  demonstration  of  this  singular  theorem.     It  has  been  put  to  the  test  of  experiment  by  M.  Arago,  with  ,,a^jon'^™tfie 
ft  SQiall  metallic  disc  cemented  on  a  very  clear  and  homogeneous  plate  of  glass,  and  with  full  success.  centre  of  a 

When  the  light  is  transmitted  through  two  equal  apertures,  placed  very  near  each  other,  the  rings  are  formed  «inmll  circu- 
ftbout  each  as  in  the  case  of  one  ;  but  besides  these  arise  a  set  of  narrower,  strarght,  parallel  fringes  bisecting  ^^^  shidow. 
the  interval  between  their  centres,  and  at  right  angles  to  the  line  joiuing  them.     If  the  apertures  be  unequal,      '^^^\  ^ 
ttiese  fringes  assume  the  form  of  hyperbolas,    having    the  aperture  in  their  common  focus.      Besides  these  f^^^^^^    '  * 
Also  two  other  sets  of    parallel  rectilinear  fringes  (in  the  case  of    equal  wpertures)  go   off  in    tlxe  form    of  UiTongh  two 
I  St.  Andrew's  cross  from  the  centre  at  equal  angles  with  the  first  set.     See  figures  147,  148.     When  the  aperture* 
apertures  are  more  numerous  or  varied  in  shape,  the  variety  and  beauty  of  the  phenomena  are  extraordinary  ;  >«^ry  n«ar 
bat  of  tills  more  presently.  ^^^  f^^^'^ 

M.  Fresnel  has  shown,  that  when  the  light  from  a  single  luminous  point  is  received  on  two  plane  mirrors  J^^  x\». 

*  The  coincidence  ia  the  hiphcr  orders  of  colours  was,  hower  ef,  in  owr  ejf[)«rim«ints  less  complete,  and  especially  tUc  green  of  the  Ihird 
mler,  wliich  was  wantiiig  alto^ther  in  fome  cases. 
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Fresnei't 
CKperimeot 
with  two 
mirrors 


Fig.  149. 


737. 

Effect  of 


used 


njt. 


Fig.  150. 
Diapln 


4 


P 


^ff^^  very  alightly  inclined  to  each  other,  »o  as  io  form  two  almost  contiguous  mia^es,  if  these  be  Tiewed  irtlh  •  tj 
lens,  there  will  be  seen  between  them  a  set  of  fringes  perpendicular  to  the  line  joining  tbern.  These  art  ^ 
evidently  anulogous  to  those  produced  by  the  two  holes  in  the  experiments  last  described.  The  experiment  b 
delicate ;  for  if  the  surfaces  of  the  reflectors  at  the  point  where  they  meet  be  ever  so  UttJe,  the  one  r^sed 
above  or  depressed  below  the  other,  so  as  to  render  the  difference  of  routes  of  the  rays  greater  than  »  verf 
undulations,  no  fringes  will  be  seen.  But  it  is  valuable,  as  demonstrating  distinctly  that  tl»e  borders  of 
ittcliaed  to  apertures  in  the  preceding  experiment  have  nothing  to  do  widi  the  productioB  of  the  fringes,  tlie  rays  being 
eicU  other.  t|,is  ^ase  abandoned  entirely  to  their  mutual  action  after  quitting  the  luminous  point.  An  exactly  sinular  set 
fringes  is  formed  if,  instead  of  two  reflectors,  we  use  a  glass»  plane  on  one  side,  and  on  the  other  composed 
two  planes,  forming  a  very  obtuse  angle,  as  in  fig,  149.  This  being  interposed  between  the  eye-lens  E  and  the 
luminous  point  S,  forms  two  images  S  and  S'  of  it;  and  the  interference  of  the  rays  SE  and  S'E  from  thaf 
images,  fonus  the  fringes  in  question. 

Since  the  production  of  the  fringes  and  their  places  with  respect  to  the  images  of  the  luminous  poiat,  depeadi 
on  the  difference  of  routes  of  the  interfering  rays,  it  is  evident,  that  if,  without  altering  their  pathsi,   we  alter 
n^dloiir^^  the  velocity  of  one  of  them  wHth  respect  to  the  other,  during  the  whole  or  a  part  of  its  course,  we  shall  produM 
medium  in   *^*^  same  effect.     Now,  the  velocity  of  a  ray  may  be  changed  by  changing  the  medium  in  which  it  moves.     In  the 
cMic  of  two    undulatory  system,  the  velocity  of  a  ray  in  a  rarer  medium  is  greater  than  in  a  denser.    Hence,  if  in  the  path  of  one 
iDtcrfering    of  two  interfering  rays  we  interpose  a  parallel  plate  of  a  transparent  medium   denser  than  air,   (at  right  an^es 
to  the  ray's  course,)  we  shall  Increajse  its  interval  of  retardation,  or  produce  the  same  effect  as  if  its  course  hid 
been   prolonged.     If  then  a  ihivk  plate  of  a  dense  medium,  such   as  glass,  be  interposed  in   one  of  the  nji 
which  form  visible  fringes,  they  will  disappear;  because  the  interval  of  retardation  will  be  thus  rendered  suddeij^ 
equal  to  a  great  number  of  undulations,  whereas  the  production  of  the  fringes  requires  that  the   difTerence  i 
routes  shall  be  very  small.     If,  however,  only  a  very  thin  lamina  be  interposed,  they  will  remain  risible,  b«t 
shiil  iheir  places.     Thus,  in  fig.  150,  let  S  A,  S  B  be  rays  transmitted  through  the  small  apertures  A.  B  from  M 
luminous  point  S»  and  received  on  the  screen  D  C  E,  these  forming  a  set  of  fringes  of  which  C,  the  middle  on^^ 
will  be  white.    LfCt  D,  E  be  the  dark  fringes  immediately  adjacent  on  either  side ;  and  things  being  tims  disposed^ 
ineDiof  the  let  a  thin  film  of  gloss  or  mica  ti  be  interposed  in  one  of  the  rays  S  A,  its  thickness  being  such   that  then? in 
cxph^el  **  traversing  it  shall  just  be  retarded  half  an  undulation.     Then  will  the  rays  A  E»  B  E,  which  before  were  in  cao- 
plete  discordance,  be  now  in  exact  accordance,  and  there  will  be  formed  at  E  a  bright  fringe  instead  of  «  diA 
one.     On  the  other  haud»  the  ray  A  C  will   now  be  half  an    undulation  behind   B  C,  instead    of  io   eompldt 
accordance  with  it,  so  that  at  C  there  will  be  formed  a  dark  iVinge,  and  so  on.     In  other  wordsy  the 
system  of  fringes  will  be  formed  as  before,  but  will  have  shifted  its  place,  so  as  to  have  its  middle  in  E  ii 
of  in  C,  i.  e.  will  have  moved  ^>o/7i  the  side  on  which  the  plate  of  the  dense  medium  is  interposed.     It  isevideD^ 
that  if  the  plate  G  be  thicker,  the  same  etfect  will  take  place  in  a  greater  degree. 

To  make  tlic  experiment,  however,  it  must  be  considered  that  the  refractive  power  of  glass,  or  indeed  of  iSj 
but  gaseous  media,  is  so  great,  tiiat  any  plate  of  manageable  thickness  would  suffice  to  displace   the  fnngeilo 
to  theWof  ^^  as  to  tiirow  them  wholly  out  of  sight.     But  we  shall  sncceed,  if,  instead  of  a  single  plate  G  placed  over  coK 
exptrimcat,  aperture  A,  we  place  two  plates  G.  g  of  very  nearly  equal  thicknesses,  (such  as  will  arise  from  two  nearly  era- 
tiguous  fragments  of  one  and  the  same  polished  plate.)  one  over  each  aperture  ;  or  we  may  varj^  the  Ihickoesi 
of  the  plate  traversed  by  either  my  by  inciining  it»  so  as  to  bring  it  witfiin  the  requisite  limits.     This  d<»oe,  tk 
effect  observed  is  preci^iely  that  described  ;  the  fringes  shift  their  places /rom  the  thicker  plate,  without  sustainlfig 
Argument     any  alteration  in  other  respects.     This  elegant  experiment  affords  a  strong   indirect  argument  in  favour  of  tbf 
^T*  ^f  *"    "Jidulatory  system,  aurl  in  opposition  to  that  of  emission,  since  it  proves  that  the  rays  of  light  arc  retardfd 
sylfeiDL^  ^  *^^^^^  passage  tlirough  denser  media,  agreeably  to  what  the  undulatory  system  requires,   and  contrary  in 
conclusions  of  the  corpuscular  doctrine. 

MM.  Arago  and  Fresnel  have  taken  advantage  of  this  property,  to  measure  the  relative  refractive  power*  d 
different  gases,  or  of  the  same  in  ditferent  states  of  temperature,  pressure,  humidity*  &c.  It  is  manifest,  that  if 
any  considerable  portion  of  the  path  of  one  of  the  interfering  rays  be  made  to  pass  through  a  tube  closed  at 
both  ends  with  glass  plates,  and  the  other  through  equal  glass  plates  only^  the  fringes  will  be  formed  as  u«ual 
But  if  the  tube  be  e^hamted,  or  vrarmed,  or  cooled,  or  filled  with  a  gas  of  diflerent  refractive  density,  a  disptac^ 
ment  of  the  fringes  will  take  place*  which  (if  tliey  be  received  in  the  focus  of  a  micrometer)  may  be  mearand 
with  the  greatest  delicacy*  Knowing  the  amount  of  their  displacement,  as  compared  with  the  breadth  of  Chf 
fringes,  we  know  the  number  of  undulations  gained  or  lost  by  one  ray  on  the  other ;  and  hence,  knowing  th( 
internal  length  of  the  tube,  we  have  the  ratio  of  the  refracting  power  of  the  medium  it  contains  to  that  of  air* 
What  renders  this  method  remarkable  is,  that  Ihtre  it  aciiudly  no  conceivable  limif  to  the  precifion  of  wkidk  Hit 
msceptihlc,  since  tubes  of  any  length  may  be  employed,  and  micrometers  of  any  delicacy. 

The  phenomena  of  diffraction,  and  those  arising  from  the  mutual  interference  of  several  very  minute  peitcib 
FraunUofer'n  of  rays  emanating  from  a  common  origin,  have  been  investigated  by  M.  Fraunhofer  with  great  care  ana  extia^ 
"^  ff***^"^  ordinary  precision,  by  the  aid  of  a  very  delicate  apparatus  devised  and  ejtecuted  by  himself 
lionanThi-  '^'^'^  apparatus  consisted  of  a  repealing,  12-inch  theodolite,  jeading  to  every  4",  carrj^ing,  attached  to  hi 
terference,  horizontal  circle,  a  plane  circular  disc  of  six  inches  in  diameter,  having  its  axis  precisely  coincident  with  that  i*f 
the  theodolite,  and  having  its  own  particular  divisions  independent  of  those  of  the  tlieodolite.  In  the  centre  rf 
this  disc  was  placed  verticaliy  a  metallic  screen*  having  in  it  one  or  more  narrow,  vertical,  rectangular  slils^or 
other  apertures,  and  so  feed  as  to  have  the  middle  of  its  aperture,  or  system  of  apertures,  exactly  coincident  with 
the  axis  of  the  instrument.  Allttched  Io  the  great  circle  of  the  theodolite,  horizontally,  was  a  telescope,  having  its 
object-glass  three  mches  and  a  half  from  the  centre,  and  its  axis  directed  exactly  to  it,  and  precisely  panlid  0 
the  plane  of  the  hmb,  and  provided  with  a  delicate  micrometer,  whose  parallel  threads  were  exactly  ^ertieaL 
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The  tnstrumeiit  being  insulated  on  a  support  of  stone,  a  beam  of  solar  li^ht  wag  directed  by  a  heliostat.  Part  III, 
fhroug-h  a  very  narrow  slit,  also  exactly  vertical,  having"  a  breadth  of  one  hundredth  of  an  inch,  and  distant  463J 
Inches  from  the  centre  of  the  theodolite,  so  as  to  fall  on  the  screen,  and,  hein^  transmitted  through  its  apertures, 
lo  be  received  into  tlie  telescope.  It  is  manifest  that  the  eye-glass  of  the  telescope  will  here  view  the  fringes,  &c. 
is  they  are  formed  in  its  focus.  The  magnifying  power  of  the  telescope  used  by  Fraunhofer  varied  from  30  to 
bo  times. 

M.  Fraunhofer  first  examined  the  effect  produced  by  the  diffraction  of  the  light  through  a  single  slit, — the       741. 
breadth  of  which  he  first  determined  with  the  greatest  precision  by  means  of  a  micrometer-microscope,  with  ^*^J!^" . 
Which  he  assures  us  that  he  found  it  practicable  to  appreciate  so  minute  a  quantity  as  l-50»000th  of  an  inch.  The  ^™  ^^^   ^ 
slit  being  then  placed  on  the  apparatus,  and  accurately  adjusted  before  the  object-glass  of  the  telescope,  which  narrow 
WM  directed  exactly  to  the  aperture  in  the  heliostaf,  the  image  of  the  latter  was  formed  in  its  focus^  accompanied  aperture. 
fcy  lateral  fringes,  which  by  the  effect  of  the  magnifying  power  were  dilated  into  broad  and  brilliant  prismatic 
Ipectra.     The  distances  of  the  red  ends  of  these  spectra  from  the  middle  point,  or  white  central  image,  were 
Ihen  measured  accurately  by   means  of  the  micrometer     The   result  of  a  great  number  of  experiments  with 
ftperttires  of  all  breadths  from  one-tenth  to  one- thousandth  of  an  inch,  agreed  to  astonishing  precision  with  each 
other,  and  with  the  following  laws,  viz.  that  (under  the  circumstances  of  the  experiment,) 

1.  The  angles  of  deviation  of  ike  diffracted  rays,  forming  similar  poinU  of  the  systems  of  fringes  produced  Their  law* 
fy  diffrrent  apertures,  are  iTwersely  as  the  breadths  of  the  apertures.  and  dimfrn- 

2.  That  the  distances  of  similar  rays  (the  extreme,  red^for  instance,}  from  the  middle  in  the  several  spectra, 
pOTuiituting  the  successive  fringes,  form  in  each  case  an  artthmdical  progression  whose  difference  is  equal  to  its 
$rwi  term, 

S.  That  calling  7  the  breadth  of  the  aperture,  in  fractions  of  a  Paris  inch,  the  angular  distances  L',  I/',  L'^, 
ke.  in  parts  of  a  circular  arc  to  radius  unity,  of  the  extreme  red  rays  in  each  fringe  from  the  middle  line,  are 

Pwpectively  represented  by  L'  ss  — ,  L'^  st  2  .  — ,  V^'  ;=3 .  — ,  &c*  where  L  =  0.00008n»  and  a  similar  law 
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bolds  for  all  the  other  coloured  rays,  different  values  being  assigned  to  L  for  each. 

This  conclusion  agrees  perfectly  with  the  result  of  an  experiment  related  by  Newton  in  the  Hid  Book  of  his       74^. 
Optics,  He  ground  two  knife  edges  truly  straight,  and  placed  them  opposite  to  each  other,  so  as  to  be  in  contact  Newton*s 
mi  one  end,  and  at  the  other  to  be  at  a  small  distance,  such  that  the  angle  included  between  them  was  about  ''ifu ?^„^"' 
1°  54^,  thus  forming  a  slit  whose  breadth  at  their  intersection  was  evanescent,  and  at  4  inches  from  that  point  taifecdgM. 
^th  of  an  inch,  and  in  the  intermediate  points,  of  course,  of  every  intermediate  magnitude.     Exposing  this  in  a 
tuobeam  emanating  from  a  very  small   hole  at  15  feet  distance^  he  received  their  shadows   on  a  white  screen 
behind  them,  and  observed  that  when  they  were  received  very  near  to  the  knife  edges*  (as  at  half  an  inch,)  the 
fiioges  exterior  to  the  shadow  of  each  edge  ran  parallel  to  its  border  without  sensible  dilatation,  till  they  met  and 
loined  without  crossing,  at  angles  equal  to  that  contained  between  the  knife  edges.     But  when  the  shadows  were 
leceived  at  a  great  distance  from  the  knives,  the  fringes  had  the  form  of  hyperbolas,  having  for  one  asymptote  the 
ihAdow  of  the  knife  to  which  they  respectively  belonged,  and  for  the  other  a  line  perpendicular  to  that  bisecting  the 
iiBigte  of  the  two  shadows,  each  fringe  becoming  broader  and  more  distinct  from  the  stiatlow  which  it  bordered,  as  it 
Approached  the  angle.     These  hyperbolas  crossed  without  interfering,  as   represented  in  fig,  151.     Their  points  F'S*  1^1 
of  crossing,  Newton  found,  however,  not  to  be  at  a  constant  distance  from  the  angle  included  between  the  pro- 
jections  of  the  knife  edges,  but  to  vary  in  position  with  the  distance  Jrom  the  knives,  at  which  the  shadow  is 
j^ecetyed  on  the  screen  ;   and  hence,  he  says,  **  I  gather  that  the  light  wliich  makes  the  fringes  upon  tlie  paper,  is 
the  same  light  at  all  distances  of  the  paper  fmm  the  knives  ;  but  when  the  paper  is  held  very  near  the  knives, 
inges  are  made  by  light  which  passes  by  their  edges  at  a  less  distance,  and    is  more   bent  than  when  the 
is  held  at  a  greater  distance  from  the  knives/'     Newton,  however,  left,  these  curious   researches,  which 
hardly  have  failed  to  have  led  in  his  hands  toa  complete  knowledge  of  the  principles  of  ditfraction — unfinished ; 
,  as  he  says,  interrupted  in,  and  unwilling  to  resume  them  :  doubtless,  owing  to  the  chagrin  and  opposition 
jtical  discoveries  produced  to  him.     An  unmeet  reward,  it  must  be  allowed,  for  so  noble  a  work,  but  one  of 
which,  unhappily,  the  history  of  Science  affords  but  too  many  parallels. 

The  above  were  the  results  obtained  by  M.  Fraunhofer  when  the  two  edges  of  the  aperture  were  both  in  a       743, 
plane  perpendicular  to  the  incident  rays  ;  but  when  the  same  effective  breadth  was  procured,  by  inclining  a  larger  *^"«  when 
aperture  obliquely,  so  as  to  reduce  its  actual  breadth  in  the  ratio  of  the  cosine  of  its  incidence  to  radius,  or  by  [jj®  *^^'^^  **' 
limiting  the  incident  ray  by  two  opaque  edges  at  different  distances  from  tlie  object-glass  of  the  telescope,  the  wece^^*^  "^* 
phenomena  were  very  different.     To  accomplish  this,  two  metallic  plates  were  fixed  upright  on  the  horizontal  different 
plate  of  the  theodoHte,  having  their  edges  exactly  vertical,  and  precisely  at  opposite  extremities  of  a  diameter,  distance* 
Then,  by  timiing  tlie  plate  roimd  on  its  axis,  the  passage  allowed  to  the  light  between  them  could  be  increased  or  '^'*^"!  ^^*i 
diiminished  at  pleasure.     The  phenomena,  then,  were  as  follows.     When  the  opening  allowed  to  the  light  was  JI[i^|L^[, 
considerable^  as  0.02  or  0.04  inch  (Paris,)  the  fringes  were  exactly  similar  to  those  observed  when  the  edges  were 
equidistant  from  the  object-glass  ;  but  as  the  opening  diminished,  they  ceased  to  be  symmetricni  on  both  sides  of 
the  middle  line,  those  on  the  side  of  that  edge  of  the  aperture  nearest  to  the  telescope  becoming  broader  than 
those  on   the  other,   which,   on  their  part,  undergo    no  sensible  alteration.       As    the  aperture  contracts,  this 
Inequality  increases,  till   at  length  the  dilated  fringes  begin  to  disappear  in   succession,    the   outermost  fir^t, 
which  they  do  by  suddenly  acquiring  an  extraordinary  magnitude,  so  as  to  fill  the  whole  field  of  the  telescope, 
and  thus,  as  it  were,  losing  themselves.     While   these  are  thus  vanishing,  those  on   the  other  side  remain  quite 
unaltered  till  the  last  is  gone,  when  they  all  disappear  at  once,  which  happens  at  the  moment  that  the  opening 
is  reduced  to  nothing  by  the  two  edges  covering  each  other. 
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igbu         When  the  aperture  placed  before  the  object-glass,  instead  of  beinf^  a  straigfat  line»  was  a  anulU  dmilar  hole,    '«n 
•v^»^  and  the  aperture  of  the  heliostat,  in  like  manner,  a  minute  circle,  the  phenomena  of  Uie  rings  were  observed,  and  ^'^ 

744.  their  diameters  could  be  accurately  measured  by  the  micrometer.  The  results  of  these  meaaoreinents  led 
w  of  a  M.  Fraunhofcr  to  the  following  laws :  1st,  that  for  apertures  of  different  diameters,  the  diameters  of  the  rings 
;^>circu-  m-Q  inversely  as  those  of  the  apertures  forming  them  ;   2dly,  that  the  distances  from  the  centre  of  the  maxima 

aperture.  ^^  extreme  red  rays  (or  of  rays  of  any  given  refrangibility)  in  the  several  rings  of  one  and  the  same  system,  form 
an  arithmetical  progression,  whose  difference  is  somewhat  less  than  its  first  temu    Thus,  calling  7  the  diameter 

i-*u         -.            J      *..      T       0.0000214       ,,       0.0000257  ,.       .^,       ,.,,       ,.ttw      iiot 
of  the  aperture,  and  putting  L  = and  /  = ,  he  found  L'  =  *,  L"  =  /  +  L,  L'^  =  I  -|-  8  L, 
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&c.,  where  L'  I/^  &c.  represent  the  angpilar  semidiameters  of  the  several  rings  expressed  in  arc  of  a  cirde  to  ,^ 
radius  unity.  The  near  coincidence  of  the  value  of  L  in  this  case,  with  that  in  the  case  of  a  linear  iq>erture,  and  ,M^ 
the  small,  but  decided  difference  of  the  values  of  the  first  term  of  the  progression  in  the  two  cases,  are  very  ^^< 
remarkable. 

745.  When  the  aperture  was  a  very  narrow,  circular  annulus,  such  as  might  be  traced  with  a  steel  point  on  a  gilt^f  J 
Cue  of  a  disc  of  glass,  of  whatever  diameter,  the  image  was  a  circular  spot,  surrounded  in  like  manner  by  coloured  rings«^»-< 
very  narrow,  the  diameters  of  which  depended  nowise  on  the  diameter^  but  only  on  ihehreadth  of  the  annulus,  being  in  fiicS-^^ 
annular  ^^  might  be  expected)  the  very  same  as  the  intervals  between  similar  opposite  fringes,  on  boUi  sides  of  th^.^ 
*^^             central  line  in  the  image  produced  by  a  linear  aperture  of  equal  breadth. 

746.  But  the  most  curious  parts  of  M.  Fraunhofer's  investigrations  are  those  which  relate  to  the  interference  of  lays^^^^ 
Interference  transmitted  through  a  great  many  narrow  apertures  at  once.  When  these  apertures  are  exactly  equal,  anc^^q 
of  many  rayi  placed  at  exactly  equal  distances  from  one  another,  phenomena  of  a  totally  different  kind  from  those  originatin^^D 
fhrough  ^^  ^  single  aperture  are  seen.  In  his  first  experiments  of  this  kind  he  formed  a  grating  of  wire,  by  stretchings^ 
gratings.       ^  ^^Vi  ^"®  ^^^^  across  a  firame,  in  the  form  of  a  narrow,  rectangular  parallelog^ram,  whose  shorter  sides  ^"'  - 

screws  tapped  in  the  same  die,  and  therefore  precisely  similar ;  across  these  screws  in  the  consecutive  intei 
between  their  tlireads  tlie  wires  were  stretched,  and  of  course  could  not  be  otherwise  than  parallel  and  eqnidistaa^u 
The  diameter  of  the  wire  was  0.002021  Paris  inch,  the  intervals  between  them  each  0.003863,  and  the  i_ 
consisted  of  260  such  wires.     When  this  apparatus  was  placed  precisely  vertical  before  the  object  -glass  of  L^_ 
telescope,  and  illuminated  by  a  narrow  line  of  light  0.01  inch  in  breadth,  also  exactly  vertical,  forming  the  ape 
ture  of  the  heliostat,  the  image  of  this  was  seen  in  the  telescope,  colourless,  well  defined,  and  in  all  reelects  pr 
cisely  as  it  would  have  been  seen  without  the  interposition  of  any  grate  or  aperture  at  all,  occupying  the  centre         ^ 
Spectra  of    the  field,  only  less  bright.     On  either  side  of  this  was  a  space  perfectly  dark,  after  which  succeeded  a  series        ^ 
the  second    prismatic  spectra,  which  he  calls  spectra  of  the  second  class,  not  consisting  of  tints  melting  into  each  *****    ^g 
c^^***  according  to  the  law  of  the  coloured  ring^,  or  any  similar  succession  of  hues  depending  on  a  regpilar  deg-^^' 

dation  of  light,  but  of  perfectly  homogeneous  colours ;  so  much  so,  as  to  exhibit  the  same  dark  lines  crossing  th>^^ 
as  exist  in  the  purest  and  best  defined  prismatic  spectrum.     In  the  disposition  of  things  already  describ^  ^^ 
first,  or  nearer  spectrum  is  completely  insulated,  the  space  between  it  and  the  central  image,  as  well      ai 
between  it  and  the  second  spectrum,  being  quite  dark.     The  violet  ends  of  the  spectra  are  inwards,  and  the  1^ 
outwards ;  but  the  violet  end  of  the  third  spectrum  is  superposed  on  the  red  end  of  the  second,  so  as  in  pTaet 
of  a  dark  interval  to  produce  a  purple  space ;  and  as  we  proceed  farther  from  the  middle,  the  spectra  become 
more  and  more  confounded,  but  not  less  than  thirteen  may  easily  be  counted  on  each  side  by  the  aid  of  a  piisBi 
refracting  them  transversely,  so  as  to  separate  their  overlapping  portions. 

747.  The  measurement  of  the  distances  of  similar  points  in  the  several  spectra  are  rendered  susceptible  of  tbe 
Ratio  of  the  utmost  precision  by  means  of  the  dark  lines  which  cross  them.  A  very  remarkable  peculiarity  of  these  spectis 
r!l*cef*fn  ™"®*»  however,  be  here  noticed,  viz.  that  although  the  dark  lines  hold  exactly  the  same  places  in  the  older  of 
them.  '°      colours,  or,  in  other  words,  correspond  to  precisely  the  same  degrees  of  refrangibility,  as  in  the  prismatic  speeds 

formed  by  refraction,  yet  the  ratio  of  the  intervals  between  them,  or  the  breadths  of  the  several  coloured  1 


differ  entirely  in  the  two  cases.  Thus,  in  the  diffracted  spectra,  the  interval  between  the  lines  C  and  D  (fig.  14) 
is  very  nearly  double  of  that  between  G  and  H,  while  in  a  spectrum  formed  by  a  flint-glass  prism  of  an  ii|gk 
of  270,  the  proportion  is  reversed,  and  in  a  water  prism  of  the  same  angle  C  D  :  G  H  : :  2  : 3. 

748,  In  the  diffracted  fringes  formed  by  a  single  aperture,  their  distances  (as  we  have  seen)  from  the  axis  d^esdi 
Their  lawi.  Quiy  q^  the  breadth  of  the  aperture,  being  inversely  as  that  breadth.     In  the  spectra  formed  by  a  great  niuikr, 

their  distances  firom  the  central  image  depends  neither  on  the  breadths  of  the  apertures  nor  on  the  internib 
between  them,  but  on  the  sum  of  these  quuntities,  that  is,  on  the  distances  between  the  middle  points  of  dtt 
consecutive  apertures,  (or,  in  the  case  before  us,  on  the  distances  between  the  axes  of  the  wires.)  By  a  serin  of 
measures  performed  with  the  utmost  care  and  precision  on  wire  gpratings  of  a  g^eat  variety  of  dimenmir 
M.  Fraunhofer  ascertained  the  following  laws  and  numerical  values. 

749,  1.  For  different  gratings,  if  we  call  7  the  breadth  of  each  of  the  interstices  through  which  the  light  passes,  v 
^  that  of  each  of  the  opaque  intervals  between  them,  the  magnitudes  of  spectra  of  the  same  order,  and  the  d 
tances  of  similar  points  in  them  fit)m  the  axis,  is  inversely  as  the  sum  7  +  ^* 

750,  2.  The  distances  of  similar  points,  (z.  e.  of  similar  colours  or  similar  fixed  lines,)  in  the  several  conseotf 
spectra  formed  by  one  anc'  the  same  grating  from  the  axis,  constitute  an  arithmetical  progression  whose  difftn 
is  equal  to  its  first  term. 

751,  3*  ^^^  ^^6  several  refrangibilities  corresponding  to  the  fixed  lines  B,  C,  D,  E,  &c.  the  first  term  of  this 
g^ession  is  numerically  represented  by  the  respective  fractions  which  follow,  being  the  leng^ths  of  the  ait 
their  sines  to  radius  unity. 
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These  results  were  all,  however,  deduced  from  gratings  so  coarse  as  to  allow  of  our  regarding  the  angles  of     752. 
diffiactiot.  as  proportional  to  their  sines ;   but  when  extremely  fine  gratings   are   employed,    the   spectra  are  Case  of 
formed  at  great  distances  from  the  axis,  and  the  analogy  of  other  similar  cases,  as  well  as  theory,  would  lead  us  extremely 
to  substitute  sin  B,  sin  C,  sin  D,  &c.  in  the  place  of  B,  C,  D,  &c.     This,  M.  Fraunhofer  found  by  experiment  ^^^ 
to  be  really  the  case.     The  construction  of  gratings  proper  for  these  delicate  purposes,  however,  was  no  easy  ^^°^* 
matter,     lliose  employed  by  him  were  nothing  more  than  a  system  of  parallel  and  equidistant  lines  ruled  on  Methodx  of 
plates  of  glass  covered  with  gold-leaf,  or  with  the  thinnest  possible  film  of  greate ;  by  the  former  of  these  constructing 
methods  he  found,  that  the  proximity  of  the  lines  might  be  carried  to  the  extent  of  placing  about  a  thousand  in  ^^®°*' 
tiM  inch,  but  when  he  would  draw  them  still  closer,  the  whole  of  the  gold-leaf  was  scraped  off.     When  the  sur- 
face was  covered  with  a  film  of  grease  so  thin  as  to  be  almost  imperceptible  to  the  sight,  (although  the  intervals 
were  iu  this  case  transparent,)  no  change  was  produced  in  the  optical  phenomena,  so  far  as  the  spectra  were 
ooncemed,  only  the  brightness  of  the  central  image  being  increased.     By  this  means  he  was  enabled  to  obtain 
ft  iiyslem  of  parallel  lines  at  not  more  than  half  the  distance  firom  each  other  that  could  be  produced'  on  g^ld- 
leftf :  but  beyond  this  degree  of  proximity,  he  found  it  impossible  to  carry  the  ruling  of  equidistant  lines  on  any 
film  of  grease  or  varnish.     But  this  being  still  far  short  of  his  wishes,  he  had  recourse  to  actual  engraving  with 
ft  diamond  point  on  the  surface  of  the  glass  itself,  and  by  this  means  was  enabled  to  rule  lines  so  fine  as  to  be 
ftbaolutely  invisible  under  the  most  powerful  compound  microscope,  and  so  close  that  30,000  of  them  lie  in  a 
angle  Paris  inch.     When  so  excessively  near,  however,  no  accuracy  of  machinery  will  ensure  that  perfect  equi- 
distance which  is  essential  to  the  production  of  the  spectra  now  under  consideration,  and  he  found  it  inipossible 
to  succeed  in  placing  them  nearer  than  0.0001223,  (or  about  8200  to  the  inch,)  with  such  a  degree  of  precision 
as  to  enable  him  to  distinguish  the  fixed  Hues  in  the  spectra ;  and,  if  it  be  considered,  that  a  deviation  to  the 
csdent  of  the  hundredth  part  of  the  just  interval  frequently  occurring,  is  sufficient  to  obliterate  these,  and  that  to 
produce  the  spectra  in  sufficient  brightness  to  affect  the  eye,  some  hundreds  or  even  thousands  must  be  ruled, 
w«  shall  be  enabled  to  form  some  conception  of  the  diffictilties  to  be  encountered  in  researches  of  this  kind. 
For  a  detail  of  some  of  these,  and  of  the  methods  employed  by  him  to  count'their  number  and  measure  their  dis- 
tanoes,  we  must  refer  to  his  original  Memoir,  (read  to  the  Royal  Bavarian  Academy  of  Sciences,  June  14, 1823.) 

In  the  course  of  these  researches,  M.  Fraunhofer  met  with  a  very  singular  and  instructive  peculiarity  in  one      753. 
of  the  engpraved  glass-gratings  used  by  him ;  which«  although  it  produced  spectra  equidistant  on  either  side  of  The  spectra 
the  axis,  yet  gave  always  those  on  one  side  a  much  greater  degree  of  brightness  than  those   on  the  x>ther.  modified  by 
Attributiug  this  to  theybrm  of  the  furrows  being  sharper  terminated  on  one  side  than  on  the  other,  owing  either  [j|®  ^^!^  . 
to  the  iigtire  of  the  diamond  point  or  the  manner  of  its  application,  he  endeavoured  to  produce  a  similar  struc-  the  gratings. 
tare  of  Uie  stris  in  a  film  of  grease  spread  on  glass,  by  purposely  applying  the  engraving  tool  obliquely,  and  the 
attempt  proved  successful. 

When  the  incident  rays  from  the  opening  in  the  heliostat  fell  obliquely  on  the  grating,  it  might  be  supposed      754. 
that  the  phenomena  would  be  the  same  as  those  exhibited  by  a  closer  grating,  having  intervals  less  in  proportion  Case  of 
of  the  cosine  of  the  angle  of  incidence  to  radius.     But  the  analogy  of  the  unsymmetrical  fringes  produced  by  a  inclined 
siiwle  aperture,  whose  sides  lie  in  a  plane  oblique  to  the  incident  ray,  may  lead  us  to  expect  a  different  result,  n^^°^' 
and  experiment  confirms  the  surmise ;  thus,  M.  Fraunhofer  found,  that  on  inclining  a  grating,  whose  intervals  ij\ca\ 
(7  ~h  ^)  ^®r®  ®^^^  equal  to  0.0001223  inch,  so  as  to  make  the  angle  of  incidence  55^  with  the  perpendicular,  spectra  of 
the  distance  of  the  first  fixed  line  D  from  the  axis  on  the  one  side  of  the  axis  was  15^  6',  and  on  the  other  no  less  the  second 
than  3Q9  SS',  or  more  than  double.  ^'"'• 

The  fiu:ts  deduced  by  M.  Fraunhofer  in  the  above  detailed  researches  are  certainly  extremely  curious.     Tlie      755. 
moat  interesting  and  remarkable  point  about  them  is  the  perfect  homogeneity  of  colour  in  the  spectra,  indicating  Theoretical 
a  aahos,  or  breach  of  continuity,  in  the  law  of  intensity  of  each  particular  coloured  ray  in  the  diffracted  beam,  considera- 
For  it  IS  obvious,  that  taking  any  one  refrangibility  (tliat  corresponding  to  the  fixed  line  C,  for  example,)  the  ^*°"^ 
oqwession  of  its  intensity  in  functions  of  its  distance  from  the  axis  must  be  (analytically  speaking)  of  such  a 
natnie  as  to  vanish  completely  for  every  value  of  that  distance^  excepting  for  a  certain  series  in  arithmetical  pro- 
gression, or,  as  it  is  called,  a  discontinuous  function ;  so  that  the  curve  representing  such  value,  having  the 
distance  from  the  axis  for  its  abscissa,  must  be  a  series  of  points  arranged  above  the  axis  at  equal  intervals  ;  or, 
at  least,  a  curve  of  the  figure  represented  in  fig.  151,  in  which  certain  extremely  narrow  portions,  equidistantly 
arranged,  start  up  to  considerable  distances  from  the  axis,  while  all  the  intermediate  portions  lie  so  close  to  that 
line  as  to  be  confounded  with  it.     The  manner  in  which  such  a  function  can  be  supposed  to  originate  from  the 

summation  of  a  series  of  the  values  of /rf  v  .  sin  -7-  v«  and /*  dv.coB-^v»,  (Art.  718,)  taken  successively  be- 

fcvaen  limits  corresponding  to  the  boundaries  of  the  several  interstices,  involves  too  many  complicated  conside- 
ratkms  to  enter  into  in  this  place.  M,  Fraunhofer,  meanwhile,  states  the  following  general  expression,  as  the 
result  of  his  own  investigations  founded  on  the  principle  of  interferences.     Let  n  indicate  the  order  of  any 
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spectrum,  reckoned  from  the  axis ;  c  the  distance  from  the  middle  of  one  interstice  to  that  of  the  a^acent  one 
ss  ry  -j_  a  ;  \  the  len^h  of  an  undulation  of  an  homogeneous  ray  ;  <t  the  angrle  of  incidence  of  the  ray  from  the  ^ 
luminous  point  on  the  grating  ;  and  y  the  length  of  a  perpendicular  let  fall  from  the  micrometer  thread  of  th« 
telescope,  (or  fn>m  the  point  in  the  focus  of  its  object-glass,  where  that  particular  homogeneous  ray  in  that 
spectrum' is  found,^  on  the  plane  of  the  grating.  Then,  if  the  angular  elongation  of  that  ray  from  the  axis  be 
called  (?f"\  we  shall  have,  in  general. 


"^'*., 


cotanC^" 


V  {  €»  -  (6  .  sin  <r  +  71  Xy  )^   .    {  4y^  +  6>  -  (e  .  sin  <r  +  w  X)*  } 
2  y  (f  .  sin  a  -■{'  n\) 


In  this  equation,  n  is  to  be  regarded  as  +  for  the  spectra  which  lie  on  the  side  of  the  axis  on  which  the  iacident 
ray  makes  an  obtuse  angle  with  the  plane  of  the  grating,  and  negative  for  the  spectra  on  the  other  side.  This 
formula  he  states  to  be  rigorous,  and  independent  of  any  approximation.  When  y  is  very  great  (as  it,  in  fact, 
always  is,)  compared  with  e  and  X,  this  reduces  itself  simply  to 


*      i^ns      '^^^  -  (e  .  sin  <r  +  w  \y 

cotan  (?^">  = ^ : ~- 

e  .  sm  <T  4"  w  ^ 


or  sin  (X"^  = 


e  .  sin  <r  -}-  n  X 


to 

fa 


756.  This  formula,  applied  to  M.  Fraunhofei's  measures  of  the  distances  of  the  same  fixed  lines  in  successive  spectra^ 

lengths  of   Qn  either  side  of  the  axis,  in  the  case  of  inclined  gratings,  represents  them  with  perfect  exactness.     When  lh( 
undulations  *   ^ 

of  the  rays    gratings  are  perpendicular  to  the  ray  <r  =  0,  and  the  equation  becomes  sin  <^"^  = ,  which  is  the  law  befor^-^^ 

U)  C,  D,  ^.  e 

Msigned  by  noticed  for  symmetrical  spectra.  And  hence,  too,  it  appears  that  the  values  o^\i  or  the  lengths  of  the  undulations  .a-vi 

Fraunhofer.  ^^^  ^^^  several  rays  designated  by  C,  D,  E,  &c.,  are  no  other  than  the  numerators  of  the  fractions  in  Art  751  .T  ^ 

expressed  in  parts  of  a  Paris  inch,  which  thus  become  data  of  the  utmost  value  in  the  theory  of  light,  fronc:K-^ 

the  pfreat  care  and  precision  with  which  they  have  been  fixed^  and  for  the  possibility  of  identifying  them  ai^     i 

all  times. 

If  the  unruled  surface  of  the  glass  grating  be  covered  with  black  varnish,  and  the  light  reflected  fiom  th.^c::A4 
ruled  stirface  be  received  in  the  telescope,  the  very  same  phenomena  are  seen  as  if  the  light  had  been  transmitter  ..^^ 
through  the  glass,  and  the  same  analytical  expression,  according  to  M.  Fraunhofer,  applies  to  both  cases. 

A  curious  consequence  of  this  expression  is,  that  if  r,  the  distance  between  the  lines,  be  less  than  X,  and  tfamAe 
liglit  fall  perpendicularly  on  the  gating,  so  that  sin  <t  =  0,  we  shall  have  sin^"^  >  1,  and  therefore  6^"^  ii 
nary.     It  appears,  therefore,  that  lines  drawn  on  a  surface  distant  from  each  other  by  a  less  quantity  than 
undulation  of  a  ray  of  light,  produce  no  coloured  spectra.     Hence,  such  scratches,  or  inequaUties,  on  poliahi 
surfaces,  have  no  effect  in  disturbing  the  regularity  of  reflexion  or  refraction,  and  produce  no  dimness 
mistiness  in  the  image  ;  if  less  distant  from  each  other  than  this  limit.     M.  Fraunhofer  seems  inclined 
conclude  further,  that  an  object  of  less  linear  magnitude  than  X  can  in  consequence  never  be  discerned 
microscopes,  as  consisting  of  parts :   a  conclusion  which  would  put  a  natural  limit  to  the  magnifying  power 
microscope«$,  but  which  we  cannot  regfard  as  following  from  the  premises. 

When  the  intervals  of  the  parallel  interstices  are  unequal,  and  disposed  with  no  regularity,  the  light  of 
diffracted  spectra  of  different  combinations  is  confounded  together,  and  a  white  misty  streak  at  right  angles 
the  direction  of  the  lines  arises ;  but  when  they  are  regularly  unequal^  so  that  the  same  intervals  recur 
regular  periods,  if  we  call  E  (=  c'-j-  c"  -f"  ^"  +  *c.)  the  interval  between  any  two  distant  by  a  whole 

we  shall  have,  for  the  law  of  the  lateral  spectra,  the  equation  sin  0^*^  =  -=-•     And  the  spectra  so  formed* 

Ej 

Still  observed  to  consist  of  homogeneous  light,  exhibiting  the  fixed  lines  with  great  distinctness.    A  very  curfotu; 
and,  as  far  as  concerns  the  practical  measurement  of  the  phenomena,  useful  observation  has  been  made    Bf 
M.  Fraunhofer  on  the  spectra  so  formed  by  these  oomposite  grating^,  viz,  that  although  they  follow  the  same  l«r 
in  respect  of  their  distances  from  the  axis,  yet  the  successive  spectra  difllbr  greatly  in  intensity,  some  being"  so 
faint  as  to  be  scarce  perceptible,  while  the  immediately  adjacent  ones  will  oflen  be  very  intense.     Owing  to 
iion^n^tfcd  *^*®  cause,  spectra  of  the  higher  orders,  which  in  a  simple  grating  the  interval  of  whose  interstices  is  represented 
bv  Fraun-    ^V  ^*  ^^^  confused  and  obliterated  by  the  encroachment  of  those  adjacent,  are  often  very  distinct  when  fbnned 
by  a  composite  grating,  the  period  of  recurrence  of  whose  similar  interstices  is  E  =  e'  -j-  «"+«"'  +  &c.    TTiw. 
M.  Fraunhofer  was  never  able  through  a  simple  grating  to  see  the  fixed  lines  C  and  F  in  the  spectrum  of  tfce 
12th  order,  reckoning  from  the  axis,  while  in  a  composite  grating,  consisting  of  three  systems  of  lines  continsaDy 
repeated^  whose  intervals  c',  «",  c"'  were  to  each  other  as  25  :  33  :  42,  these  fixed  lines  as  well  as  the  lines  D  nA 
E,  were  distinctly  seen  in  the  12th  spectrum,  owing  to  the  almost  total  disappearance  of  the  10th  and  1 1th.  Niy, 
even  the  fixed  line  E  in  the  24th  spectrum  could  be  seen,  and  its  distance  from  the  axis  measured  with  tins 
grating. 

Such  are  the  extreme  cases  of  the  phenomena  as  produced  by  a  single  aperture,  and  by  an  infinite,  or,  t 
least,  very  great  number;  but  the  intermediate  steps  and  gradations  by  which  bne  set  of  phenomena  pass  intot! 
other,  remain  to  be  traced.     When  a  single  interstice  is  lefl  open  in  a  grating,  the  spectra  are  formed  as  deacfit 
in  Art.  741.     These,  M.  Fraunhofer  calls  spectra  of  thejirst  class^  and  their  colours  are  not  homogeneooa, ' 
graduate  into  one  another. 

When  two  contiguous  interstices  are  lefl' open,  the  spectra  of  the  first  class  appear  as  before ;  but  between 
axis  and  the  first  spectrum  on  either  side  appear  other  spectra,  which  M.  Fraunhofer  terms  imperfect  sped 
the  second  class,  their  colours  being  similar  to  those  of  the  first  class,  and  no  fixed  lines  being  visible  in  f 
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When  three  adjacent  intersUces  are  lefl  open,  a  third  set  of  spectra,  or  ipedra  of  the  third  clasSy  are  formed   Part  III. 
■^  between  the  axis  and  the  nearest  of  the  imperfect  spectra  of  the  second  class.     Besides  these,  no  new  dosses  of  N^^i^^^-.^ 
spectra  arise  by  a  further  increase  of  the  number  of  interstices ;  but  these  undergo  a  series  of  modifications  as  Spectra  of 
the  interstices  g^row  more  numerous.    These  are  chiefly  as  follows :  ^^.^  ^^^^ 

The  spectra  of  the  third  class  grow  narrower,  and  approach  the  axis,  till  at  last  they  run  together  and  form  ^  ^'^g 
by  their  union  the  colourless,  well-defined  image  of  the  opening  of  the  heliostat  in  the  axis  of  the  whole  pheno-  Modirica- 
menon.     By  a  series  of  exact  measurements,  M.  Fraunhofer  found  their  breadths  to  be  inversely  as  the  number  tions  of 
of  interstices  by  which  they  are  produced  in  the  same  grating,  and  inversely  as  the  intervals  of  the  interstices  for  these  spec- 
different  ones ;  and  in  general,  that  7  -{-  ^  =  e  representing  tiWs  interval,  m  the  number  of  interstices  used,  and  n  '™  ^J  *"" 
the  order  of  the  spectrum,  ^-"^  the  distance  of  extremity  of  the  red  rays  in  that  spectrum  is  given  by  the  equation  ^^f  of  * 

^  ,        n         0.0000208  interfering 

^•^  =  —  X   .  rays. 

^  *  Formula  for 

Aa  the  spectra  of  the  third  class  contract  into  the  axis,  they  leave  a  dark  space  between  it  an4  the  first  ^P^^  ^^ 
spectrum  of  the  second  dass.    This  and  the  other  spectra  of  that  class  meanwhile  grow  continually  more  vivid  and  ^^^^ 
homogeneous  in  respect  of  colour  ;   till  at  length,  when  the  number  of  interfering  rays  is  very  much  increased,  •p„„^.ilj. 
the  fixed  lines  begin  to  appear  in  them,  and  they  acquire  the  character  of  perfed  spectra  of  the  second  class,      from  imper- 
M.  Fraunhofer  next  examined  the  phenomena  produced  by  immersing  in  media  of  different  refractive  powers  feet  to  per- 
the  gratings  used,  when  he  found  all  the  phenomena  precisely  similar ;  but  the  distances  at  which  the  several  ^cct  spectra 
$pectra  were  formed  from  the  axis,  to  be  less  than  when  in  air,  in  the  inverse  ratio  of  the  refractive  indices.  of  second 

A  very  beautiful  and  splendid  class  of  optical  phenomena  has  been  investigated  and  described  by  M.  Fraun-      ^'^a 
hofer,  which  arise  by  substituting  for  the  gratings  used  in  the  above  experiments  very  small  apertures  of  regular  phenomena 
figtures,  such  as  circles  and  squares,  either  singly  or  arranged  in  regular  forms,  in  great  numbers ;   as,  for  of  gratings 
instance,  when  two  equal  wire  gratings  are  crossed  at  right  angles.     Fig.  151  is  a  representation  of  the  pheno-  immersed 
menon  produced  when  the  light  is  received  on  the  object-glass  of  the  telescope  through  two  circular  holes  of  the  '"  ^"**^- 
diameter  0.02227  inch,  plac^  at  a  distance  of  0.03831  inch  centre  from  centre.     Each  compartment  is  a     ^?^*. 
separate  spectrum.     In  the  bands  a  a,  6  6  we  see  here  plainly  the  origin  and  minute  structure  of  the  vertical  and  of"verv*^°" 
crossed  fringes  described  in  Art.  735.     The  appearances  vary  as  Sie  number  of  apertures  is  increased,  the  minute 
spectra  growing  purer  and  more  vivid.     That  which  arises  when  two  equal  wire  gratings  are  crossed,  is  figured  apertures 
in  M.  Fraunhofer's  work,  and  is  one  of  the  most  magnificent  phenomena  in  Optics.  ^^^  gntings. 

IVhen  we  look  at  a  bright  star  through  a  very  good  telescope  with  a  low  magnifying  power,  its  appearance  is      766. 
that  of  a  condensed,  brilliant  mass  of  light,  of  which  it  is  impossible  to  discern  the  shape  for  the  brightness  ;  .Riog«  seen 
and  which,  let  the  goodness  of  the  telescope  be  what  it  will,  is  seldom  free  fixim  some  small  ragged  appendages  ***°"^.  ^^^ 
or  rays.     But  when  we  apply  a  magnifying  power  from  200  to  300  or  400,  the  star  is  then  seen  (in  favourable  telMcopcs. 
circumstances  of  tranquil  atmosphere,  uniform  temperature,  &c.)  as  a  perifectly  round,  well-defined  planetary 
disc,  surrounded  by  two,  three,  or  more  alternately  dark  and  bright  rings,  which,  if  examined  attentively,  are 
seen  to  be  slightly  coloured  at  their  borders.     They  succeed  each  other  nearly  at  equal  intervals  round  the 
central  disc,  and  are  usually  much  better  seen  and  more  regularly  and  perfectly  formed  in  refiracting  than  in 
reflecting  telescopes.     The  central  disc,  too,  is  much  larger  in  the  former  than  in  the  latter  description   of 
telescope. 

These  discs  were  first  noticed  by  Sir  William  Herschel,  who  first  applied  sufficiently  high  magnifying  powers      767. 
to  telescopes  to  render  them  visible.     They  are  not  the  real  bodies  of  the  stars,  which  are  infinitely  too  remote  Spurious 
to  be  ever  visible  with  any  magnifiers  we  can  apply ;    but  spurious^  or  unreal  images,  resulting  from  optical  ^**^'  ^^ 
causes,  which  are  still  to  a  certain  degree  obscure.     It  is   evident,  indeed,  to  any  one  who  has  entered  into     *  '^*^*' 
what  we  have  said  of  the  law  of  interferences,  and  from  the  explanation  given  in  Art.  590  and  591   of  the 
ibrmation  of  Jbd  on  the  undulatory  system,  that  (supposing  the  mirror  or  object-glass  rigorously  aplajiatic)  the 
Ibcal  point  in  the  axis  will  be  agitated  with  the  united  undulations,  in  complete  accordance,  from  every  part  of 
the  surfiice,  and  must,  of  course,  appear  intensely  luminous ;    but  that  as  we  recede  from  the  focus  in  any 
direction  in  a  plane  at  right  angles  to  the  axis,  this  accordance  will  no  longer  take  place,  but  the  rays  from  one 
side  of  the  object-glass  will  begin  to  interfere  with  and  destroy  those  from  the  other,  so  that  at  a  certain 
distance  the  opposition  will  be  total,  and  a  dark  ring  will  arise,  which,  for  the  same  reason,  will  be  succeeded 
by  a  bright  one,  and  so  on.     Thus  the  origin  both  of  the  central  disc  and  the  rings  is  obvious,  though  to  Explanation 
calculate  their  magnitude  from  the  data  may  be  difficult.   But  this  g^ves  no  account  of  one  of  the  most  remark-  of  the 
able  peculiarities  in  this  phenomenon,  viz,  that  the  apparent  size  of  the  disc  is  diflerent  for  different  stars,  being  nn^  on  the 
uniformly  larger  the  brighter  the  star.     This  cannot  be  a  mere  illusion  of  judgment ;  because  when  two  unequally  P""*^JP'®  ^'^ 
bri^t  stars  are  seen  at  once,  as  in  the  case  of  a  close  double  star^  so  as  to  be  directly  compared,  the  inequality  ferences. 
of  their  spurious  diameters  is  striking  ;  nor  can  it  be  owing  to  any  real  difference  in  the  stars,  as  the  intervention 
of  a  cloud,  which  reduces  their  brightness,  reduces  also  their  apparent  discs  till  they  become  mere  points.     Nor 
can  it  be  attributed  to  irradiation,  or  propagation  of  the  impression  from  the  point  on  the  retina  to  a  distance,  as 
in  that  case  the  light  of  the  central  disc  would  encroach  on  the  rings,  and  obliterate  them ;   unless,  indeed,  we 
suppose  the  vibrations  of  the  retina  to  be  performed  according  to  the  same  laws  as  those  of  the  ether,  and  to 
k>e  capable  of  interfering  with  them  ;    in  which  case,  the  disc  and  rings  seen  on  the  retina  will  be  a  resultant 
system,  originating  from  the  interference  of  both  species  of  undulations. 

Not  to  enter  further,  however,  on  this  very  delicate  question,  we  shall  content  ourselves  with  stating  some  of      '"^* 
the  phenonena  we  have  observed,  as  produced  by  diaphragms,  or  apertures  of  various  shapes  variously  applied  pjjjjy^d  by 
to  mirrors  and  object-glasses,  and  which  form  no  inapt  supplement  to  the  curious  observations  of  Fraunhofer  on  qiertures  ot 
the  effect  of  very  mmuie  apertures,  of  which  they  are  in  some  sort  the  converse.  variona 
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When  the  whole  aperture  of  a  tele$icope  is  limited  by  a  circttiar  dmphragm,  whether  applied  niMir  to,  or  il  & 
(if stance  from,  ihe  mirror  or  ohject-q:Iass»  the  disc  and  rin^s  enlarg-e  in  the  insrerj^e  proportion  of  the  diatnetex  < 
the  aperture.     When  the  aperture  was  much  reduced  (as  la  one  iiiL'h»  for  a  telescope  of  7  feet  focal  lenj^th) 
spurious*  disc  was  en1arp;eci  to  a  planetary  appearance,  bein^  well  defined,  and  surrounded   by  one    rinit  onlj 
stronn;  enoup-h  to  be  clearly  perceived,  and  faintly  tinn^ed  witfi  colour  in  the  following  order,  reckoniiii^  iirofn  lb 
centre  of  the  disc.     White,  very  laiat  red»  black,  very  faint  blue*  white,  extremely  faint  red,  black.      When 
aperture  was  reducetl  still  farther  (as  to  half  an  inch)  the  riiig^s  were  Loo -taint  to  be  se^'n,  and  the  disc  wa**  enla 
to  a  |i;rea1  sixe,  the  graduation  of  li^ht  from  its  centre  to  the  circumference  being  now  very  visible^  giving' H'J 
hazy  and  cometic  appearance,  as  in  fig   l32. 

When  annular  apertures  were  used  the  phenomena  were  extremely  strikin*^,  and  of  f^reat  reg-ulanty 
exterior  diameter  of  the  annulus  bein^  three  inches,  aud  the  interior  l}*  the  appearance  of  Capella 
as  in  fig.  153»  and  of  the  double  ?^lar  Castor,  as  in  154.  As  the  breatllh  of  the  annnlus  is  diminished,  the  sil 
of  the  disc  and  breadth  of  Ihe  rinijs  diminish  also^  (contrary  to  what  took  jilaee  in  Franahrifer's  expcrimen 
with  extremely  narrow  annnh,  and  otwiously  referrin;^  llie  present  phenomena  to  different  principle***)  at  the  san 
time  the  number  of  visible  rings  increases.  Fig^,  1j5»  156,  and  157  exhibit  the  appearance  of  Capella  wi^ 
aunuiar  apertures  of  5.5  inch  —  5  inch  (L  e.  whose  exterior  diameter  =  5-5  and  interior  —  5)  of  0  7— 0.5j 
2.2  —  2.0,  In  the  last  case  the  disc  wus  reduced  to  a  hardly  perceptible  round  point,  and  the  rin^s  were  «o  do 
and  numerous  as  scarcely  to  admit  bein^  counted,  givuitjf,  on  an  inaltentive  view,  the  impression  of  a  me 
circular  blot  of  light.  When  the  breadth  of  the  annulus  was  reduced  to  hfdf  this  quantity,  the  intervals  betwet 
the  rin<^s  could  no  longer  be  discerned.     The  dimensions  of  the  rings  and  disc,  generally,  seem  to  be  proportM 
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Besides  the  rings  immediately  ctos«  to  the  central  disc,  however,  others  of  much  greater  diameter  and  fainter 
light,  like  halos,  are  seen  with  annnlar  apertures,  which  belong  (in  Fraynhofer's  langinige)  to  spectra  of  a 
ditferent  class.  With  a  siugle  annubis  they  are  too  faint  to  be  distinctly  examined,  but  with  an  aperture 
composed  of  two  annuU,  as  in  fig,  158,  they  are  very  distinct  and  slrikinj?,  presenting  the  phenomenon  in 
fig.  15£),  (in  which  it  is  to  be  understood  that  light  is  represented  in  the  engraving  by  darknes  ,  and  darkaess 
by  light  J 

When  the  aperture  was  in  the  form  of  an  equilateral  triangle,  the  phenomenon  was  extremely  beautiful ;  it 
consisted  of  a  perfectly  regular,  brilliant,  six-rayed  star,  surrounding  a  well-defined  circular  disc  of  greit 
brightness.  The  rays  do  not  unite  to  the  disc,  but  are  separated  from  it  by  a  black  rin^;.  They  are  very  narroWt 
and  perfectly  straight;  and  appear  particnlarly  distinct  in  consef|uence  of  Ihc  iolal  destruction  of  all  tfu  diffuxd 
light  which  fills  the  Held  when  no  diaphragm  is  used;  a  remarkable  effect,  and  much  more  than  in  the  mere 
proportion  of  the  light  stop[)ed.  Fig.  160  is  a  representation  of  this  elegant  appearance.  The  same  ariies 
when,  in  place  of  an  equilateral  triangle,  the  apt*rture  is  the  difference  of  two  concentric,  equilateral  triangla 
similarly  situated. 

As  a  triangle  baa  but  three  sideband  three  angles,  it  seems  singular  that  a  #ti?-rayed  star  should  be  producetl 
Supposing  three  to  arise  from  tlie  angles,  and  three  from  the  sides,  it  might  be  expected  that  some  sensible 
ditierence  should  exist  m  Ihe  alternate  rays,  miirking  their  ditferent  origin.  When  the  telescope  is  in  perfect 
focus,  however^  all  the  rays  are  precisely  alike;  but  if  ihrown  out  of  focus,  their  ditierence  of  origin  becomrs 
apparent.  Fig.  IGl  represents  the  phenomenon  then  seen,  in  which  the  alternate  branches  are  seen  to  consist 
of  a  series  of  fringes  parallel  to  their  length,  and  the  others  of  small  arcs  of  similar  fringes  immediately  adjacent 
to  the  vertices  of  the  hyperbolas  to  which  they  belong,  and  which  consequently  cross  the  rays  in  a  direction 
perpendicular  to  their  length.  As  the  telescope  is  brought  better  in  focus,  the  hyperbolas  approach  their  asymp- 
totes, and  are  confounded  together  in  undistinguishable  proximity  ;  and  thus  three  rays  arise  composed  of  cooti- 
nuoua  lines  of  light,  and  three  intermediate  ones  composed  of  an  infinite  number  of  discontinuous  points  placed 
infinitely  near  each  other.  To  represent  analytically  the  intensity  of  the  light  in  one  of  these  diMconiinuom  rays 
would  call  for  the  use  of  functions  of  a  very  singular  nature  and  delicate  management. 

The  phenomenon  jnst  described  affords  in  certain  cases  a  very  perfect  position-micrometer  for  astronomical 
uses.  If  the  diaphragm  be  turned  round,  the  rays  turn  with  it ;  and  if  a  brilliant  star  (as  a  Aquilae)  have  near 
it  a  very  small  one,  the  diaphragm  may  be  so  placed  as  to  make  one  of  the  rays  pass  ihrough  the  small  star, 
which  thus  remains  like  a  bead  threaded  on  a  string,  and  may  be  examined  at  leisure.  If  then  the  positioa  of 
the  diaphragm  be  read  off  on  a  graduation  properly  contrived,  the  relative  situations  of  the  two  stars  become 
known.  We  have  satisfied  ourselves  by  trial  of  the  practicability  of  this  ;  and  by  proper  contrivances  the 
principle  may  be  made  available  in  cases  which  at  first  sight  appear  to  present  considerable  difficulties. 

When  three  circular  apertures,   having  their  centres  at  the  angles  of  an  equilateral  triangle,  were   used,  the 
image  consisted  of  a  bright  central  disc.     Six  fainter  ones  in  contact  with  it,  and  a  system  of  very  faint  hal<^ 
like  rings  surrounding  the  whole  as  in  fig.  1§2.     When,  however,  three  equal   and  similar  annular  apeKuret 
were  thus  disposed*  the  appearance  when  in  focus  was  as  in  fig.  153,  being  exactly  the  same  as  if  two  of 
were  closed.     But  when  thrown  a  little  out  of  focus,  the  difference  was  perceived.     Fig.  163   represents 
appearance  in  this  case,  each  of  the  apertures  then  produces  its  own  central  disc  and  system   of  rings,  wh< 
intersections  give  rise  to  the  system  of  intersectional  fringes  there  depicted.     As  the  telescope  is  brought  bcti 
in  focus  these  disappear,  and  the  phenomenon  is  as  in  fig.  164  ;    the  centres  gradually  approaching,  and  the 
rings  blending  till  the  point  of  complete  coincidence  is  attained,  ^_ 

An  aperture  in  the  form  of  the  difference  between  two  concentric  squares  produced  not  an  eight,  but  a  Toii^^l 
rayed  star.  The  rays»  however,  were  not,  as  in  the  case  of  the  triangular  aperture,  uninterrupted  fine  Ud€^" 
gradually  tapering  away  from  the  centre  to  their  extremities^  but  composed  of  distinct  alternating  obscure  and 
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bright  portions,  as  represented  in  fig.  165.    The  portions  nearest  the  central  disc  (which  is  circular)  were  Fart  IIL 
oomposed  of  bands  transverse  to  the  direction  of  the  rays,  and  tinged  with  prismatic  colour.     Similar  bands,  v^^-v-^-^ 
no  doubt,  existed  in  the  more  distant  portions,  which  extended  to  a  great  length.  Square 

An  aperture  consisting  of  My  squares,  each  of  about  half  an  inch  in  the  side,  regularly  disposed  at  intervals  p^^  j^ 
so  as  to  leave  spaces  between  them  in  both  directions  equal  in  breadth  to  the  side  of  each,  produced  an  image  77.^  ' 
totally  diflerent  from  that  described  by  Fraunhofer  as  resulting  from  the  crossing  of  two  equal  very  close  £ffect  of 
gratii^^  though  tlie  distribution  and  shape  of  the  apertures  were  the  same  in  both  cases.  It  was  as  repre-  very  nume- 
sented  in  fig.  166,  consisting  of  a  white,  round,  central  disc,  surrounded  by  eight  vivid  spectra,  disposed  in  the  rous  square 
drcumference  of  a  square,  beyond  which  were  arranged  in  the  shape  of  a  cross,  triple  lines  of  very  faint  spectra  SP^^j^ 
extending  to  a  great  distance.  ^' 

When  the  aperture  consisted  of  numerous  equilateral  triangles  regularly  disposed,  as  in  fig.  167,  the  image  778. 
presented  the  very  beautiful  phenomenon  represented  in  fig.  168,  consisting  of  a  series  of  circular  discs  arranged  Fig- 167. 
in  six  diverging  rays  from  the  central  one,  and  each  surrounded  with  a  ring.  The  central  disc  was  colourless  and 
bright ;  the  rest  more  and  more  strongly  coloured  and,  elongated  into  spectra,  according  to  their  degree  of 
remoteness  from  the  centre.  These  are  only  a  few  of  the  curious  and  beautiful  phenomena  depending  on  the 
figures  of  the  apertures  of  telescopes,  which  afford  a  wide  field  of  further  inquiry,  and  one  at  least  as  interesting 
to  the  artist  as  to  the  philosopher. 
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OF  THE  AFFECTIONS  OF  POLARIZED  LIGHT. 


§  I.  Of  Double  Refraction. 
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Whsn  a  ray  of  light  is  incident  on  the  surface  of  a  transparent  medium,  a  portion  of  it  is  reflected,  at  aa 
angle  equal  to  that  of  incidence,  another  small  portion  (so  small,  however,  that  we  shall  neglect  its  oo&it- 
deration)  is  dispersed  in  all  directions,  serving  to  render  the  surface  visible,  and  the  rest  enters  the  medium  and 
is  refracted.  The  law  of  refraction,  or  the  rule  which  regulates  the  path  of  this  portion  within  the  medium, 
has  been  explained  in  the  preceding  parts ;  and  no  exceptions  to  it,  as  a  general  Jaw,  have  hitherto  been  noticed. 
It  is,  however,  very  far  from  general ;  and,  in  fact,  obtains  only  where  the  refracting  medium  belongs  to  one  or 
other  of  the  following  classes,  viz. 

Class  1.  Gases  and  vapours. 

2.  Fluids. 

3.  Bodies  solidified  from  the  fluid  state  too  suddenly  to  allow  of  the  regular  crystalline  arrangement  of 

their  particles,  such  as  glass,  jellies,  &c.,  gums,  resins,  &c.,  being  chiefly  such  as  in  the  act  of 
cooling  pass  through  the  viscous  state. 

4.  Crystallized  bodies,  having  the  cube,  the  regular  octohedron,  or  the  rhomboidal  dodecahedron  for 

their  primitive  form,  or  which  belong  to  the  tessular  system  of  Mohs.  A  very  few  exceptions 
(probably  only  apparent  ones^  arising  from  our  imperfect  knowledge  of  crystallography)  exist  to 
the  generality  of  this  class. 
The  solid  bodies  belonging  to  these  classes,  moreover,  cease  to  belong  to  them  when  forcibly  compressed  or 
dilated,  either  by  mechanical  violence,  or  by  the  unequal  action  of  heat  or  cold,  which  brings  their  partides 
into  a  state  of  strain,  such  as  in  extreme  cases  to  produce  their  disruption,  as  is  familiarly  seen  in  the  crackifig 
of  a  piece  of  glass  by  heat  too  suddenly  and  partially  applied.  The  class  of  fluids  too  admits  some  exceptions, 
at  least  when  very  minutely  considered ;  but  the  deviation  from  the  ordinary  law  of  refraction  in  these  cases  is 
of  so  microscopic  a  kind,  that  we  shall  at  present  neglect  to  regard  it. 

All  other  bodies,  comprehending  all  crystallized  media,  such  as  salts,  gems,  and  crystallized  minerals,  not 
belonging  to  the  system  above  mentioned  ;  lill  animal  and  vegetable  bodies  in  which  there  is  any  disposition  to 
a  regular  arrangement  of  molecules,  such  as  horn,  mother  of  pearl,  quill,  &c. ;  and,' in  general,  all  solids  when 
in  a  state  of  unequal  compression  or  dilatation,  act  on  the  intromitted  light  according  to  very  different  laws, 
dividing  the  refracted  portion  into  two  distinct  pencils,  each  of  which  pursues  a  rectilinear  course  so  long  as  it 
continues  within  the  medium,  according  to  its  own  peculiar  laws,  but  without  further  subdivision.  This  pheno- 
menon is  termed  double  refraction.  It  is  best  and  most  familiarly  seen  in  the  mineral  termed  Iceland  spar, 
which  is,  in  fact,  carbonate  of  lime  in  a  regular  crystalline  form.  This  is  generally  obtained  in  oblique  paralld- 
epipeds,  easily  reduced  by  cleavage  to  regular,  obtuse  rhomboids,  and  is  not  uncommonly  met  with  in  a  state  (d 
limpid  transparency,  on  which  account,  as  well  as  by  reason  of  its  remarkable  optical  properties,  it  easily 
attracted  attention.  Bartholinus,  in  1669,  appears  to  have  been  the  flrst  to  give  any  account  of  its  double 
refraction,  which  was  afterwards  more  minutely  examined  by  Huygens,  the  first  proposer  of  the  undulatory 
theory  of  light,  whose  researches  on  this  phenomenon  form  an  epoch  in  the  history  of  Physical  Optics  little  tf 
at  all  less  important  than  the  g^eat  discovery  of  the  different  refirangibility  of  the  coloured  rays  by  Newton.  To 
Huygens  we  owe  the  discovery  of  the  law  of  double  refraction  in  this  species  of  medium.  Newton,  misled  Iff 
some  inaccurate  measurements,  (a  thing  most  unusual  with  him,)  proposed  a  different  one ;  but  the  conclusions 
of  Huygens,  long  and  unaccountably  lost  sight  of,  were  at  length  established  by  unequivocal  experiments  by 
Dr.  Wollaston,  since  which  time  a  new  impulse  has  been  given  to  this  department  of  Optics ;  and  the  successive 
labours  of  Laplace,  Malus,  Brewster,  Biot,  Arago,  and  Fresnel  present  a  picture  of  emulous  and  successful 
research,  thai)  which  nothing  prouder  has  adorned  the  annals  of  physical  science  since  the  developement  of  the 
true  system  of  the  universe.  To  enter,  however,  into  the  history  of  these  discoveries,  or  to  assign  the  share  of 
honour  which  each  illustrious  labourer  has  reaped  in  this  ample  field  forms  no  part  of  our  plan.  Of  the  splen£d 
constellation  of  great  names  just  enumerated,  we  admire  the  living  and  revere  the  dead  far  too  warmly  and  too 
deeply  to  suffer  us  to  sit  in  judgment  on  their  respective  claims  to  priority  in  this  or  that  particular  discovery; 
to  balance  the  mathematical  skill  of  one  against  the  experimental  dexteritv  of  another,  or  the  philosophical 
acumen  of  a  third.  So  long  as  "  one  star  differs  from  another  in  glory, ' — so  long  as  there  shall  exist 
varieties,  or  even  incompatibilities  of  excellence, — so  long  will  the  admiration  of  mankind  be  found  sufficient 
for  all  who  truly  merit  it.  Waving,  then,  all  reference  to  the  history  of  the  subject,  except  in  the  way  of  inci- 
dental remark,  or  where  the  necessity  of  the  case  renders  it  unavoidable,  we  shall  present  the  reader  with  as 


LIGHT. 

•ystematic  an  account  as  we  are  able*  of  the  present  state  of  know]ed^  with  respect  to  tba  Jaws  and  theory  of 
^Double  Refraction.  The  Hiiycrenian  law  having'  been  demonstrated  to  apply  rigorously  to  the  case  for  which 
he  himself  (I e vised  it,  as  well  m  to  a  very  large  class  of  other  bodies,  we  shall  begin  with  that  class,  and  proceed 
aflenfards  to  consider  more  complicated  cases. 

In  all  crystallized  bodies,  then,  which  possess  double  refraction^  it  is  found  that  that  portion  of  a  ray  of 
ordinary  light  incident  on  any  natural  or  artificially  polished  surface  which  enters  the  body  is  separated  into  two 
"^ equal  pencih  which  pursue  rectilinear  paths,  making  with  each  other  an  angle  not  of  constant  magnitude,  but 
varying  according  to  the  position  which  the  incident  ray  holds  with  respect  to  the  surface,  and  to  certain  fixed 
liu€9,  or  axeswitliin  the  crystal,  ant!  which  Hues  are  related  in  an  invariable  manner  to  the  planes  of  cleavage, 
or  other  fixed  planes  or  lines  in  the  primitive  tbrm  of  the  crystal.  Now,  it  is  found  that  in  every  crystal  there 
is  at  least  one  such  fixed  line,  along  which  if  one  of  these  two  pencils  be  transmitted  the  other  is  M>  also,  so 
that  in  this  case  the  two  pencils  coincide,  the  angle  between  them  vanishing.  Moreover,  no  crystal  has  yet  been 
discovered  in  which  more  than  two  such  lines  exist.  These  hnes  are  called  the  optic  axes.  All  double  refracting 
crystals,  then,  at  present,  may  be  divided  into  such  as  have  one,  and  such  as  have  two,  optic  axes. 

When  a  ray  penetrates  the  surface  of  a  crystal  so  as  to  be  transmitted  undivided  along  the  optic  axis; 
or  when,  moving  within  the  crystal  along  that  line,  it  meets  the  surface  and  passes  out,  whatever  be  the 
inclination  of  the  surface,  its  refraction  is  always  performed  according  to  the  ordinary  law  of  the  propor- 
tional sines.  Thus,  in  this  particular  case,  the  crj'stal  acts  precisely  as  an  un crystallized  medium,  (some  rare 
instances  excepted,  of  which  more  hereafter,) 

But  in  all  other  cases  the  law  is  essentially  different,  and  (for  one  portion  of  the  divided  pencil,  at  least) 
of  a  very  singular  and  complicated  nature.  This  we  shall  first  proceed  to  explain  in  the  simpler  case  of 
crystals  with  one  optic  axis.  But,  first,  we  must  explain  somewhat  more  distinctly,  what  we  mean  by 
axes  and  fixed  lines  within  a  crystal.  Suppose  a  mass  of  brickwork,  or  masonry,  of  great  ^nagiiitude,  built  of 
bricks,  all  laid  parallel  to  each  other.  Its  exterior  form  may  be  what  we  please ;  a  cube,  a  pyramid,  or  any  other 
figure.  We  may  cut  it  (when  hardened  into  a  compact  mass)  into  any  shape,  a  sphere,  a  cone,  or  cylinder,  &c  ; 
but  the  edges  of  the  bricks  within  it  lie  still  parallel  to  each  other;  and  their  directions,  as  well  as  those  of  the 
diagonals  of  their  surfaces,  or  of  their  solid  figures,  n;ay  all  be  regarded  as  so  many  axes,  i,  e,  lines  having  (so 
long  as  the  mass  remains  at  rest)  a  detenimiate  position,  or  rather  direction  in  space,  no  way  related  to  the 
exterior  surfaces,  or  linear  boundaries  of  the  mass,  which  may  cut  across  the  edges  of  the  bricks  in  any  angles 
we  please.  Whenever,  then,  we  speak  of  fixed  lines,  or  axes  of,  or  within,  a  crystal,  we  always  mean  directions 
ID  space  parallel  to  each  of  a  system  of  lines  drawn  in  the  several  elementary  molecules  of  the  crystal,  according 
to  given  geometrical  laws,  and  related  in  a  given  manner  to  the  sides  and  angles  of  the  molecules  themselves. 
We  must  conceive  the  axis,  then,  of  a  crystallized  mass  not  as  a  single  line  having  a  given  place,  but  as  any  litie 
whatever  having  a  given  direction  in  space,  i*  e,  parallel  to  the  axis  of  each  tnolecule^  which  is  a  line  having  a 
determinate  place  and  position  within  it. 

In  the  remainder  of  this  section,  when  we  speak  of  the  axi^  or  axes  of  a  crystallized  mass  or  surface  generally, 
we  mean  the  direction  of  the  optic  axis  or  axes  ol^  its  mulecides,  or  of  a  crystal  similar  and  similarly  situated 
1o  any  one  of  them. 
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Of  the  Law  of  Douhk  Refraction  in  Crystah  with  One  Optic  A  lis. 


This  class  of  crj^stals  comprises  all  such  as  belong  to  Mohs^s  rhombohedral  system>  or  which  have  the  acute  or 
obtuse  rhomboid,  or  regular  six-sided  pnsm,  for  their  primitive  form,  as  well  as  all  which  belong  to  his 
pyramidal  system,  or  whose  primitive  form  is  either  the  oetohedron  with  a  square  base,  the  right  prism  with  a 
8f|uare  base,  or  the  bi-pyramidal  dodecahedron.  All  such  crystals  Dr.  Brewster  has  sho^vn  to  have  but  one 
MMMSf  which  is  that  to  whicli  the  primitive  form  is  symmetrical,  viz.  in  the  rhomboid,  tlie  axis  of  the  figure,  or 
line  joining  the  two  angles  formed  by  three  equal  plane  angles ;  in  the  hexagonal  prism,  the  geometrical  axis 
of  the  prism  ;  in  the  oetohedron,  or  S(]uare  based  prism,  a  line  drawn  through  the  centre  of  the  base  at  right 
ftOglea  to  it.  The  cases  in  accordance  with  the  rule  are  so  numerous,  ond  the  exceptions,  once  believed  to  be 
AOy  hav«  so  often  disappeared  on  the  attainment  of  a  more  perfect  knowledge  of  the  crystalline  tonus  of  the 
excepted  minerals,  that  when  any  case  of  disagreement  seems  to  occur,  wc  are  justified  in  attributing  it  rather 
to  our  own  incorrect  determination  of  this  datum,  than  to  want  of  generality  in  the  rule  itself. 

In  all  crystals  of  this  class,  one  of  the  two  equal  pencils  into  which  the  refracted  ray  is  divided  follows  the 
ordinary  law  of  Snellius  and  Descartes,  having  a  constant  index  of  refraction  (ft%  or  invariable  ratio  of  the  sine 
of  incidence  to  that  of  refraction,  whatever  be  the  inclination  of  the  surface  by  whi^h  it  enters ;  so  that  its 
velocity  within  the  medium,  when  once  entered,  is  the  same  in  whatever  direction  it  traverses  the  molecules; 
and  with  respect  to  this  ray  the  crystal  comports  itself  as  an  uncrystallized  medium.  This,  then,  is  called  the 
ordinary  pencil. 

To  understand  the  law  obeyed  by  the  other,  or  extraordinary  fK>rtion  of  the  divided  pencil,  let  us  consider 
it  OS  fairly  immersed  in  the  medium*  and  pursuing  its  course  among  the  molecules.  Then  its  velocity  will  not, 
as  in  the  case  of  the  ordinary  ray,  be  the  same  in  whatever  direction  it  traverses  them,  but  will  depend  on  the 
angle  it  makes  with  the  axis  ;  being  a  minimum  when  its  path  within  the  crystal  is  parallel  to  the  axis,  and  a 
maximum  when  at  right  angles  to  it,  or  vice  versik ;  and  in  all  intermediate  inclinations  of  an  intermediate 
tnagnitude  according  to  the  following  law.     Let  an  ellipsoid  of  reT''oiulion,  either  oblate  or  prolate,  as  the  case 
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may  be,  be  concdved,  having  iU  axis  of  revolution  coincident  in  direction  with  the  axis  of  the  crystal^  wmd  ila  felv  ' 
to  its  equatorial  radius  in  the  ratio  of  the  minimum  and  maximiun  velocities  above  mentioned,  t.  e;  aa  the  iwlacky  H 
of  a  ray  moving  parallel  to  that  of  one  perpendicular  to  the  axis.     Then  in  all  intermediate  positioiis»  the  n&H 
of  this  spheroid  parallel  to  the  ray  will  represent  its  velocity  on  the  same  scale  that  its  polar  and  eqiwloiiil 
radii  represent  the  velocities  in  their  respective  directions. 

This  is  the  Huygenian  law  of  velocities,  in  its  most  simple  and  general  form.  It  does  not  at  firat  sight  appor 
what  this  has  to  do  with  the  law  of  extraordinary  refraction ;  but  the  reader  who  has  considered  with  tht  veqniflte 
attention  what  has  been  said  in  Art.  539, 540,  with  prospective  reference  to  this  very  case,  will  easily  penm 
that,  the  law  of  velocity  of  the  ray  within  the  medium  once  established,  it  becomes  a  mere  matter  of  pue 
Geometry  to  deduce  from  it  the  law  of  extraordinary  refraction,  whether  we  adopt  the  Corposcular  theory,  aid 
employ  Laplace's  principle  of  least  action,  as  in  that' Article ;  or  whether,  preferring  the  Uudulatory  hypo&oi^ 
we  substitute  for  this  principle  the  equivalent  one  of  swiftest  propagation,  as  explained  in  Art.  587,  588.  We 
should  observe,  however,  that  the  Huygenian  law,  as  just  stated,  is  worded  in  conformity  with  the  nndahtoiy 
doctrine,  in  which  the  velocity  in  a  denser  medium  is  supposed  slower  than  in  a  rarer.  But  when  we  use  the 
principle  of  least  action,  we  must  invert  the  use  of  the  woid,  or,  which  comes  to  the  same  thing,  suppose  the 
the  velocity  in  the  medium  to  be  invendy  proportional  to  the  radius  of  the  ellipsoid.  The  results  beiiij^ 
necessarily  the  same  in  both  cases,  we  shall  use  at  present  the  language  of  the  Corpuscular  system. 

Retaining,  then,  the  notation  of  Art.  540,  the  law  of  refraction  will  be  derived  firom  the  equation  V .  S  -^  V.  8 
=  a  minimum,  where  V  is  the  velocity  toithout,  and  V  that  within  the  medium,  and  where  S  and  S'  are  the  spaces 
described  without  and  within  it,  in  the  passage  of  a  ray  from  point  to  point.  Let  a  and  6  be  the  polar  and 
equatorial  semiaxes  of  the  ellipsoid  above  spoken  of,  (which  we  shall  call  the  ellipsoid  of  double  refraction,)  and 
let  a,  )9,  7  be  the  coordinates  of  the  point  (A)  without  the  crystal,  and  a^  fi\  </  those  of  one  (B)  withia  it, 
through  which  the  say  is  supposed  to  pass,  and  x,  y,  z  the  coordinates  of  a  point  in  the  surface  of  the  crystal,  on 
which  it  must  be  incident,  so  as  to  be  capable  of  passing  from  A  to  B  iif  the  manner  required  by  the  Uir  of 
extraordinary  refraction  ;  and  let  0  be  the  angle  which  the  interior  portion  S'  makes  with  the  axis  of  the  crjttaL 
Then  will  the  radius  of  the  spheroid  parallel  to  this  portion  (by  conic  sections)  be  expressed  by 


ah 


ah 
W  ' 


(1) 


'v^ft*.  sin0»  -h  fl«cos0« 
where  a  is  the  equatorial,  and  h  the  polar  radius  of  the  spheroid.     Now,  if  we  take  fi  to  represent  the  mdex  of 
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V'  =  /*V. 
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ordinary  refraction,  since  we  have,  generally,  W  = ,  and  since,  when  r  =  6  the  extraordinary  and  ordinary 

rays  coincide,  and  therefore  V  =;tt  V,  consequently  we  must^  have  ^  V  =:  ^^,  and  const  =  6  /c  V,  so  that 
we  shall  get 

6  V'  6 

In  general,  as  we  have  already  seen,  the  condition  of  least  action  affords  the  equation 
d{VS  + V'S'}  =0,  orV.rfS  + v.  rfS'  +  S'.dV'=rO;  (2) 
But  to  make  use  of  this,  we  must  express  V,  S,  and  S',  in  terms  of  variable  quantities  relating  to  a  point  any 
how  taken  in  the  surface  of  the  crystal.  Whether  this  point  be  expressed  by  rectangular  or  polar  coordinates 
is  no  matter  :  it  will  be  more  convenient,  however,  to  use  polar.  Let,  then,  C  (fig.  169)  be  the  point  of  inci- 
dence of  the  ray  A  C  on  the  surface  H  a  O  6,  and  about  C  as  a  centre  describe  a  sphere.  Let  Z  C  2  be  the  per- 
pendicular to  the  surface  at  C,  and  let  P  C;;  be  the  position  of  the  axis  of  the  crystal.  The  plane  ZFHzpOZ 
perpendicular  to  the  surface,  and  passing  through  the  axis,  is  called  the  principal  section  of  the  surface.  Let 
Z  A  a,  2  B6  be  vertical  planes,  containing  the  incident  and  refracted  rays,  and  join  B  p  by  the  arc  of  a  great 
circle.     Then  it  is  evident,  that  this  arc  will  be  equal  to  0. 

Suppose,  now,  the  axis  of  the  x  to  be  parallel  to  H  C  the  projection  of  the  axis  of  the  crystal,  and  since  we  miy 
choose  the  plane  of  the  x,  y,  as  we  please,  let  it  coincide  with  the  refracting  surface,  so  that  2  =  0.  Tlien 
dropping  the  perpendiculars  A  M,  M  m,  B  N,  N  n,  and  putting  X  =  ZP=2p=  angle  between  the  axis  and 
perpendiculars. 

w  =  O  a  =  inclination  of  the  plane  of  incidence  to  the  principal  section. 

©'=06  =  inclination  of  plane  of  refraction  to  ditto. 

0  =  angle  Z  C  A  =  Z  A  =  angle  of  incidence 

^'—  2CB=  2B  =  angle  of  refraction. 
We  shall  have  as  follows: 


consequently. 


and,  similarly, 


AC  =  S  ;  AM  =  7;  C  m«  =  (a  -  jr)«  ;  Mm«  =  (/3  -  y)»  ; 


o  -  j7  =5  7  .  tan  0  .  cos  zj ;   ^  -  y  =  7  .  tan  0  .  sin  ct  ;  S  =  — ^ 


a'  -  a:  =  7'.  tan  ^.  cos  w';  )8'  -  y  =  7'  .  tan  ^'.  sin  w' ;  S'  =: 


(3) 


e' 


t      Kuw,  difimntiating  theM  equations,  and  considering  that  tf  (•  «^  d?)  ai^  <l  (a'  -  i)  and  d  0^-'  y>  s;  if  09'  f^y):    Part  IT. 
«^weget  >— vT*' 

d  (Un  ^  .  cos  w)  =  —  .  d  (tan  ^ .  cos  tj')  ; 
7 

d  (tan  ^  .  sin  w)  =  ~  .  d  (tan  ^  .  sin  tj^  ; 
7 
which  equations,  developed  and  reduced,  afford  the  following. 


de      y  /cos^Y       ,       _/x    rf^      V         .«  .    ^    .   ^       -/v 

-T^,  =  — .( -;  I .  COS  (fj  —  -btO  ;   -r—,  =  -^  .  COS  ^  .  tan  ^  .  sm  (ra  -  isr )  ; 

V     Vcose?'/  ^  ^'  dw'        7  ^\ 

(*) 


d^ 


d «        y      sin  («/  —  w)  dts     ,  ^    tan  d' 


) 


which  are  necessary  conditions,  in  order  that  the  point  C  may  remain  on  the  surface. 

But  since  S,  S^  V'  may  be  regarded  as  functions  of  0  and  vx\  which  arb  the  polar  coordinates  we  propose  to       792. 
use  as  independent  Tariables^  we  shall  have 


and,  moreover. 


cos^    \d9  dwr        /  cos  ^ 

so  that,  substituting  their  values  in  the  equation  (2,)  we  get 

l"    tM0*  '  de'^     •    cose*   ^costf''  dff } 

in  which  the  coefficients  of  each  of  the  two  independent  diflerentiala  being;  separately  made  to  vanish,  we  get 
dV'  _  _  j_      gin  g  .  cos  g'     d  0 

d&~  •   y    *       cos e«        '  5^  ^  „. 


d\'  _  _y     J_      sin  0 


cos^     do  I 


d  «^                 *    y    '  cos  ^        '  d  fs' 

d  ^  d  ^ 

In  these,  substituting  the  values  of  -7— j  and  -y^  found  in  equation  (4,)  we  obtain  the  following 

a  &  dzr 


1^  = -V  .  fil|.co,(» -«0  -  V'.tan<>' 
j-p  =  —  V  .  sin  ^  .  sin  ^  .  sin  (w  —  «xO 


]^ 


These  are  the  very  same  equations  with  those  deduced  by  Laplace  and  Malus,  by  a  more  abstruse  and  compli- 
cated calculus,  from  the  primary  dynamical  relations  of  the  problem,  and  from  them  it  is  easy  to  express,  in 
general,  the  law  of  refraction  corresponding  to  any  given  law  of  velocities,  for  we  have  only  to  put  them  under 
Uie  form 

^    dV/ 

V  .  sin  ^  .  cos  w  .  cos  w'  +  V  .  sin  ^  .  sin  «r .  sin  tj*  =  —  V  .  sin  ^  -  cos  ^ .  -j-j, 

1      dV 

V  ,  sin  ^  .  cos  «r .  sin  tsr'  —  V  .  sin  0  .  sin  «r .  COS  to'  =  -: — ^  -r-->  ; 

sm  ^  dzr 

and  multiplying  the  first  by  cos  tsr',  and  the  second  by  sin  tsr',  and  adding,  we  get 

-.r      .    ^  sinw'      dV  ^  ,  dV        .    ^  ,    ..,  ,^^ 

V.  sm^.  cosf!r  =  -r— Ti  .  -7—;—  cos  ^ .  cos  w' . -3-^  —  sin  ^  .cos  w  .  V;  (8) 

sin^     dto'  dv 

and,  again,  multiplying  the  first  by  sin  tt^,  and  the  second  by  —  cos  cr',  and  adding,  we  find 

V  .  sin  ^  .  sin  w  =  -  ^?^   j-u  -  cos  d' .  sin  V  •  -3-35  -  sin  d' .  sin  w'.  V;  (9) 

sm  d^  d  tsr  d  6^ 

TOL.  IV  8  T  • 


«•  ^  LIGHT* 

light     M#W|  tl|f  gecoiijt  mettjliBra  of  theae  efimtoMi,  (when  V  Ihf  velocity  of  the  leytCTwdinary  n^  m  iPT  6a^c<ipp.<C.#  ' 
^\rm^  the  anp^e  it  makes  with  the  axis,  or  of  its  position  within  the  crystal,)  is  always  explicitly  given  in  tenn^tf  tf  >g 
and  trl  so  that,  calling  P  and  Q  their  values  so  expressed^  we  have  at  once 

Q  P  / 

tan  17  =  -=r- ;  cos  «r  =  •  — ;  sin  ^  =  v  P*  +  Q*  ; 

P  VP«-^-Q« 

SO  that  tj  and  0  are  directly  expressed  in  terms  of  zj'  and  ^ ;  and,  therefore,  the  direction  in,  which  a  imj*  morio^ 
anyhow  within  the  crystal  will  emerge,  is  known,  and  vice  vend, 
7^3.  It  only  remains  to  execute  these  processes  in  the  case  before  us.     To  this  end  (for  smplkiity)  ^wihanpit 

V  =s  1,  ^4  suppose  (since  a  and  6,  the  semiaxes  of  the  spheroid,  are  arbitrary)  &==> — yor^^-r-*  and  pot  W 
for  the  radical  Vi .  cos  0*  +  6*  .  sin  ^,  witen^  we  shall  haiya 

Now  in  the  spherical  triangle  ZB  pwe  have,  the  side  Zp  =  X  ;  Z  B  =  ^,  anglep  ZBss  to*,  and  skfejfB  :=^ 
therefore,  by  spherical  trigonometry, 

cos  0  =  cos  X .  cos  ^  +  sin  X  .  sin  ^  .  cos  «/,  (10) 

and  differentiating  separateljr  with  inspect  to  ^  and  XT', 

cf .  cos  0. 


de' 


'  =s  —  cos  X  .  sin  ^  +  sin  X  .  cos  ^  .  cos  w* 

— ^-j—  :p  -  sk>X  .  sin  ^'  .  sHi-Ti/. 
d  nr 


Ify  then,  we  write  these  values  in  the  partial  diferences  of  V  in  tbe^equnUons  (8)  and  (9,)  they  will  become 
sin^.  Qos  lit  =.—  ~r^!  ^*-  ^'^^-  cpsV-V(fl^  -1 6^)  Qos.0  [sin  \(l-  cos  is/*,  sin  0^)  -  cosX.sin^.  CQS^'.cossOi 

sind.sint7=: t-=<  W*.sin(^'.  sinw' —  (a'  —  6')co»0[sinX.sintj^.cos©'.ain(?'«  +  cosX.sin^.co8^.8in«^[. 

In  these,  let  6'  +  (a*  —  6^)  cos  0'  be  put  for  W*,  and,  bearing  in  mind  thsat  the  value  of  oas  0  is  as  given  n 
the  equation  (10,)  we  shall  see  that  they  will  reduce  themselves  respectively  to 

sin  0 .  cos  tsr  =  —  -J  6*  .  sin  ^ .  cos  w'  +  (a^  —  6«)  .  sin  X .  cos  0  r 

that  is,  by  reason  of  (10,) 

(o«  -  6^)  .  coifX  .  sinX..  coa  d' +  (««  .  si« X«  4- &«  .  cwsX«>.  coaw'.  sin  ^ 

-  sm  ^  .  cos  zj  = ,  „^ ^—-^ 

a  6  W 

and  ^,       (11) 

sin^' .  sin  ro' 


-«-  SIA  ^ .  si>i  9  ss~ 


a6W 


794.  These  equations,  conjointly  with  the  equations  expressing  the  value  of  W  in  terms  of  cos  0,  and  of  «os  (p  in 

terms  of  ^  and  «j',  afford  a  complete  solution  of  the  problem  in  the  case  when  a  ray  passes  out  of  a  crystal  into 
air,  and  suffice  to  determine  both  the  inclination  of  the  refracted  ray  to  the  surface,  and  the  inclination  of  the 
plane  in  which  it  lies  to  the  principal  section. 
For  brevity,  let  us  put 

a«.sinX«-j-6VcosX«  =  A;     fl^.c08X«  +  5«,  sinX«  =  B;    (a«  -  6«) .  sin  X .  cos  X  =  C;         (12) 
and,  dividing  the  second  of  the  equations  (U)  by  the  first,  we  find 

6«  .  tan^.  sinCT^ 

tan^  19  = -: t-t-t:;  (18> 

A  .  tan  ^' .  cos  z^  +  C  ^  ^ 

which  gives  immediately  the  inclination  of  the  plane  of  emergence  to  the  principal  section,  or,  as  it  is  sometimes 
termed,  the  azimuth  of  the  emergent  ray. 
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ligbt.         Oate  2.  When  tbe  axis  liesin  tlie  mirfaoe,  orX  ;s  90° ;  A  =  a* ;  B  =  5>;  C  =:  0,  and  tfit  f fpiitlffiw }0mm    ' 

-^  ,W?*  tan  ^  •  sin  w'  =  :  (18^ 

*?•  When  Vl-sine?«{a«.sin©«  +  6».cosw«p 

the  axis  Ties  ^  ^ 

«**»•««•  ^  ,       ^  sin  ^  .  cos  w 

^«»-  tan^.cosw'= —  .  ;  (19) 

«       Vl  -  sin^{a2.8int!J«  +  62.cosi!j2} 


tan  w*  =  -7j-  •  tan  Z7  =1  —7-  j  .  tan  t7 . 


(20) 


The  latter  of  these  equations  shows  that  the  extraordinary  ray  deviates  from  the  plane  of  incidenee.  The  I 

of  this  deviation  is  nothing*  when  the  plane  of  incidence  coincides  with  the  principal  section,  but  in 

either  side  of  it  till  it  attains  a  certain  magrnitude,  the  deviation  being  ^om  the  axis,  or  the  plane  of  refradioi 

making  a  greater  angle  with  the  axis  than  that  of  incidence.     The  two  planes  then  approach  each  other,  aid 

when  tj  =  90^  tan  t7  =  od,  tan  it'  :=  qd,  and,  consequently,  w'  :=  90°,  or  the  plane  of  refiraction  ooinddcs  iiih 

that  of  incidence. 

799.  The  equations  (18)  and  (19)  show  that  in  the  present  case,  the  refracted  ray  does  not  describe  a  conical  loiiMi 

Case  of       about  the  perpendicular  when  the  incident  one  does  so,  and  therefore  that  the  law  of  refraction  varies  in  evtry 

refraction  in  dififerent  azimuth.     Two  cases  deserve  express  notice,  viz.  those  in  which  the  plane  of  incidence  is  ccnnctdflBt 

paJ  w^ion    ^^*^  ^^®  principal  section,  and  when  perpendicular  to  it.     In  the  former,  w  =  0  and  tt/  =  0,  so  that  we  have 

y>f        ^^  sin  9  ,^,. 

tan^=: .  -7==r=.  (21) 

A  remarkable  relation  holds  good  in  this  case  between  the  angles  of  refraction  of  the  ordinary  and  tOLinoidumf 
ray,  their  tangents  being  to  each  other  in  a  given  ratio.     In  fact,  if  we  find  (^)  :=:  the  angle  of  refraction  fat  the 

ordinary  ray,  we  have  sin  (^')  =  —  .  sin  0  =:  6  .  sin  ^,  and,  consequently, 

^        b              sin  (^')  b  ,^,  ^^^^ 

tan  ^  =  —  . X--L—  =  -r-  .  tan  (^).  (22) 

«       V  1  -  sin  (0'y        « 
In  the  latter  case,  when  the  plane  of  refraction  is  at  right  angles  to  the  axis,  t7  =  cj'  =:  90^,  and  we  get 

t^n  ^  = gjL^"_g .  ;  sin^=:a.sin^.  (23) 

V  1  -  a^  .  siu  6^ 

800.  In  this  case,  therefore,  the  sine  of  incidence  is  in  a  given  ratio  to  that  of  refraction,  and  the  extraordiiiii} 
Case  of  re-  • 

ri*M  **n  *ea  '®^'^^®^  **  performed  according  to  the  same  law  as  the  ordinary,  only  with  a  different  index,  viz.  fi\  or  — .instttd 

to  the  prin-  j^ 

cipal  sec-     of  /*,  or  ~ .     Hence,  if  we  consider  only  this  particular  case,  the  medium  will  appear  to  have  two  indices  of 

tioQ.  o 

refraction,  an  ordinary  and  an  extraordinary  one. 

801.  It  was  by  a  careful  examination  of  these  cases,  that  Dr.  Wollaston  was  enabled  to  verify  the  Huygenian  lair. 
Experimen-  The  circumstance  last  mentioned  puts  it  in  our  power  to  determine  in  the  case  of  any  particular  crystal  the  axes  of 
of  deter-  ^^^  spheroid  of  double  refraction.  We  have  only  to  cut  a  prism  of  it,  having  its  refracting  angle  parallel  to  the 
mining  the  ^^^s,  and  ascertain  its  indices  of  refraction  according  to  the  principles  laid  down  in  the  former  part  of  this  Essa?, 
spheroid  of  j  ][ 

cicuble  re-    and  calling  them  u  and  /»',  the  semiaxes  of  the  spheroid  will  be  respectively  —  and  —7.     Thus,  in  the  instance 
fraction.  *  "    /*  / 

of  carbonate  of  lime,  which  Mains  examined  with  the  utmost  care,  he  found  the  two  values  of  a  and  6  to  be 
respectively  equal  to  the  numbers  0.67417  and  0.60449,  having  determined  fi!  =  1.4833,  and  fi  =  1.6543. 
(ThSorie  de  la  Double  Refraction,  p.  199.) 

802.  In  this  arrangement,  however,  it  is  not  possible  to  decide  simply  from  the  phenomena  of  refraction,  which  is 
the  ordinary,  and  which  the  extraordinary  ray.  There  are,  however,  infallible  and  easy  criteria,  as  we  shall 
speedily  show.  Meanwhile,  we  may  for  the  present  content  ourselves  with  observing,  that  as  a  moderate  devia- 
tion from  the  exact  azimuth  zj  =  90°  imparts  to  the  extraordinary  ray  a  deviation  from  the  plane  of  incidence 
which  does  not  happen  to  the  ordinary  one,  this  may  serve  for  a  criterion  to  distinguish  them  in  certain  cases. 

803.  The  square  of  the  velocity  of  the  ordinary  ray  within  the  medium  is  /*^  V^,  or  /i*,  that  is,  — ,  and  is    constant 

Uwofthe  ^  //»2  •      rA2 

n^^otof  That  of  the  extraordinary  is  V",  or  ^,  that  is  to  say,^  +^. 

V'.=^-(^-l).sin^. 
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The  square  of  the  velocity  of  the  extraordinary  ray  is  therefore  (in  the  corpuscular  doctrine)  diminished  by  a  quanlit^     Pan  IV, 
/  proportional  to  tlie  square  of  the  sine  of  ihe  inclination  of  the  ray  within  the  crjstal,  to  the  axis.     We  say  dimin-  ^*^-v-*J^ 
ished,  in  the  al^ebralca!  sense  of  the  word,  supposing  a  >  b,  this  agjees  with  common  parlance;  but  if  a  <  6,  Division  of 
then  it  will  he  increased.     This  gives  rise  to  the  subdivision  of  the  crystallized  bodies  now   treated  of  into  two  fT'taU 
classes,  which  have  by  some  been  termed  attractive  and  repulsive :  by  others,  positive  and  negative,  which  seems  ["!**f,I!J'" 
preferable^  as  the  former  phrases  involve  theoretical  considerations.     Potiiiue  crystals  are,  then,  such  as  have  a  nc^Ih«. 

less  Iban  ^,  or  in  which  the  spheroid  of  double  refraction  is  prolate.     In  these  the  coefBcient  —  |  ^ —  *-    ^  | 

Xh'         a'/ 

which  we  call  A;  is  positive,  and  the  square  of  the  velocity,  orv'  +  ^  •  '*'*  ^*»  (where  ^^^  ~r    =  velocity  of  the 

ordinary  ray  within  the  medium,)  is  increased  by  the  action  of  the  medi*im,  and  is  a  minimum  in  the  axis.  In  the 
negative  class  the  coeflRcient  k  is  neg-at ive,  a  >•  h,  or  tiie  spheroid  of  double  refraction  is  oblatr^  end  the  velocitv 
of  the  extraordinary  ray  is  a  maximum  atonqf  the  axis.  In  positive  crystals^  therefore,  the  index  of  ordinary 
refraction  (,*i)  is  kHu  than  that  of  extraordinary  ;  in  ne^alive,  greater.  To  the  former  class  belong-  quartz,  jce, 
zircon,  apophyllite,  (when  nniaxal ;)  and  to  the  latter,  Iceland  spar,  toitrmrdine,  beryl,  emerald,  apatite,  &c. 
The  negative  class,  as  far  as  our  present  knowledg^e  extends,  far  out-numbers  the  positive  among'  natural  and 
artificial  crystals.     They  were  first  distini^uished  by  M.  Biot. 

In  the  undulatory  doctrine  the  velocity  is  the   reciprocal  of  what  it  is  in  the  corpuscular  doctrine,  and  is       go4, 
therefore  directiy  as  the  radius  of  the  spheroid  of  double  refraction*     Hence   a  wave  propa^ted    within    the  0ndulauaiii 
crystal  from  any  point  will  run  over  in  the  same  time  in  dilferent  directions,  distances  proportional  to  the  radii  propagated 
of  the  spheroid  parallel  to  those  directions;  and  therefore  at  any  instant  the  surface  of  the  whole  wave  will  be  ^".T1^*' 
itself  a  spheroid  similar  to  the  spheroid  of  double  refraction-     This  is  Huy«:cns's  conception  of  the  subject.     lt""A^. 
requires  us  to  reg^ard  the  crystal,  or  the  ether  within  the  crystal  through  which  the  undulation  is  propagated,  as 
llATing  dilferent  elasticities  in  dillerent  directions.     As  far  as  rea:ards  the  molecules  of  a  solid  body  there  is  no 
apparent  impossibility  or  improbability  in  such  an  idea,  but  the  contrary;  but  if  we  regard  the  propag^ation  of 
the  light  within  the  medium  to  take  place  by  the  elasticity  of  the  ether  only,  we  must  then  suppose  its  molecules 
in  crystallized  bodies  to  be  in  a  very  different  phy^iical  state  from  what  they  are  in  free  space,  and  either  to  be 
in  some  manner  connected  with   the  solid  particles,  (formings  atmospheres,  for  instance,  about  (hem,)  or  as 
subjected  to  laws  of  mutual  action  which  approximate  to  those  governing  the  molecules  of  solid  bodies;  and 
partaking,  themselves,  of  a  regular  crj'stalline  arrangement  and  mutual  dependency. 

To  pursue  the  particular  applications  of  the  general  fnrmulaB  (13,)  14,)  and  (15)  farther,  would  be  far  beyond      go^^ 
our  limits.     The  reader  who  is  curious  on  this  very  interesting  part  of  Physical  Optics,  and  who  wishes  to  be  M>lus*s 
delighted  and  instructed  by  a  combination  of  consummate  mathematical  skill  with  sound  experimental  research,  further 
which  may  deservedly  be  cited  as  a  model  of  ihe  kind,  will  find  every  thing  which  relates  to  the  subject  in  its  rescarche*. 
best  form  in  the  work,  already  so  often  cited,  of  Mains,  Theoriede  la  Dovbh  Rrjraciion,  which  gained  the  mathe- 
matica]  prize  of  the  French  Institute  in  1810.     To  the  theory  of  the  internal  reflexion  of  t!ie  extraordinary  ray 
which  offers  many  remarkable  particularities,   as  there  delivered,  we   must  especially  refer  him,  as  well  as  to 
his  investigation  of  the  foci  of  lenses  formed  of  doubly  refracting  crystals,  of  which  we  shall  here   only  extract  F<H:i  of  a 
the  results,  in  the  single  case  of  a  double  convex  lens  having  the  axis  of  double  refraction  in  the  direction  dowbly 
of  the  axis  of  the  lens.  refracting 

Let  r,  r'  be  the  radii  of  the  anterior  and  posterior  surfaces  of  the  lens,  both  supposed  convex.  **^*' 

d  ^  distance  of  the  radiant  point  in  the  axis. 
a^  b  =  the  equatorial  ami  polar  radii  of  the  sjiheroid  of  double  refraction,  as  above, 

D  ==  distance  of  the  conjugate  focuii  behind  the  lens  (ov  extraordinary  rays. 

A  ^  extraordinary  focal  length  for  parallel  rays. 

F  ^1  ordinary  focal  length  for  parallel  rays. 
Then  shall  we  have  for  the  general  expression  of  D, 


D  =  - 


c^bdri^ 


d  (r  +  O  (2  ^'  -  «'  -  «•  t)  -  »*^  rr^ 
If  the  lens  be  equi-convex,  or  r  ^  r'. 


F  = 


-6rr^ 


(r  +  Otl-6) 


a^b  r  d 


2  (2b^^  ^-a^b)d  ^  an  r 
br 


A  =  - 


fl«6r 


F=  - 


A  -  F  =  -  2  F 


2  (2  ^«  -  a«  -  fl*  6)  • 


2(1  -b)' 

Id  the  case  of  Iceland  spar,  these  last  equations  become 

D  =  ^  r  .  88,2286 ;         F  =  -  r  .  0,7642  ; 
and  in  the  case  of  rock  crystal  (quartz) 

D  =  -  r  .  0.9628  ;         F  ^  -  r  .  0,8958  ; 


2  6«  -  of  -  a«  6 


D-F=  ^F.  114,4546; 


D  -  F  :-  ^  F.0,0748. 


To  represent,  in  general,  the  course  of  any  extraordinarily  refracted  ray,  Huygens  has  giving  the  following 
construction,  (fig.  170.)  Let  H  E  D  be  the  elliptic  section  of  the  spheroid  of  double  refraction  by  the  surface, 
and  RC  the  incident  ray  falling  on  C  its  centre,  and  B  C  K  the  orthographic  projection  of  the  ray  R  C  on  the 
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surface.  Let  H  M  E  be  the  portion  of  the  spheroid  within  the  crystal,  whose  axis  passes  through  C,  and  may  be  ] 
anyhow  inclined  to  the  surface.  T^en  will  the  sin^ace  of  this  spheroid  be  the  boundary  of  the  wave  propa^^aied  ^ 
from  C  as  a  centre,  afler  the  lapse  of  a  given  time.  Draw  CO  in  the  plane  R  C  K  at  right  angles  to  R  C,  anl 
make  O  K  (perpendicular  to  C  K,  or  parallel  to  R  C)  equal  to  the  space  described  by  light  in  the  median 
exterior  to  the  crystal  in  the  same  given  time.  Thi.s  will  determine  the  point  K  in  the  line  B  C  K.  Througii  K 
draw  K  T  perpendicular  to  B  K,  and  about  KT  as  an  axis  let  a  plane  revolve  passing  through  KT,  till  it  touchet 
the  surface  of  the  spheroid  in  I.     Join  C  I,  and  C  I  is  the  extraordinary  refracted  ray. 

The  demonstration  of  this  construction  (granting  the  principle  of  spheroidal  undulations)  is  evident,  if  we 
consider  the  manner  in  which  the  general  wave,  a  perpendicular  to  whose  surface  forms  what  we  term  a  ray  of 
light,  (at  least  in  singly  refracting  media,)  arises  from  the  reunion  of  all  the  elementary  waves  propagated  IWmI 
every  part  of  the  suri'ace,  (Art.  586.)  In  this  construction,  if  we  conceive  a  plane  wave  from  an  infinitely  distant 
luminary  perpendicular  to  RC  to  move  along  R€,  every  point  in  the  line  C  K  will  become  in  miccenum^  and 
every  point  in  the  line  C  D  perpendicular  to  C  K,  or  parallel  to  KT  nmuUaneou^y,  a  centre  of  vibration.  TIm 
general  wave,  therefore,  will  be  a  surface  touching  all  ellipsoids  described  about  each  point  of  the  mirfiice,  hrnviog 
their  axes  parallel,  their  generating  ellipses  similar^  and  their  linear  dimensions  propoitional  to  the  dintaiiee  M 
their  centre  from  the  line  KT.     Of  course  it  can  be  no  other  than  the  tangent  plane  I  KT  drawn  as  above. 

This  then  will  be  the  form  and  position  of  the  general  wave  within  the  crystal.  Now  if  we  consider  only  tfM 
very  minute  portion  of  it  which  emanates  from  C,  it  is  evident  that  I  is  the  corresponding  point  in  (t;  nni 
therefore  C  I  is  necessarily  the  direction  of  the  ray,  because  I  is  the  point  on  which  that  portion  of  the  general 
wave  transmitted  through  a  very  small  aperture  at  C  would  full. 

Thus  we  see,  that  in  the  case  of  the  extraordinary  ray,  we  are  no  longer  to  regard  the  ray  as  a  perpcudicrin 
to  the  surface  of  the  wave.     It  is  propagated  obliquely  to  that  surface.     So  soon,  however,  as  the  wave  ( 
into  the  ambient  medium,  the  usual  law  of  perpendicular  propagation  i«  restored. 

To  show  the  identity  of  the  law  of  extraordinary  refraction  resulting  from  this  construction  with  thatei 
by  the  general  equations  (13,)  (14,)  and  (15,)  we  have  only  to  translate  it  into  analytical  langfuage.     Thia 
been  done  by  Malus,  in  his  work  above  referred  to ;  and  the  reader  may  also  consult  Biot's  Traiti  GinSmi  di 
Phynque,  for  a  more  elementary  exposition  of  the  process,  which  is  one  of  considerable  complexity,  for  fHiidi 
reason  we  shall  not  embarrass  ourselves  with  it  here. 

Some  very  remarkable  and  important  consequences  follow  from  this  mode  of  viewing  the  subject.  It  appeali 
that  when  a  plane  wave  is  incident  on  a  doubly  refracting  surface,  the  transmitted  extraordinary  wave  is  altf 
plane,  and  advances  with  a  uniform  velocity  in  a  direction  oblique  to  itself.  Consequently  the  velocity  Is  aM 
uniform  in  a  direction  perpendicular  to  itself  Moreover,  its  common  section  with  the  surface  is  alwavs  parallel  to 
K  T,  or  to  the  common  section  of  the  incident  wave  with  the  same  surface.  Hence,  it  is  evident,  that  it  fWMi 
in  the  same  way  as  an  ordinarily  transmitted  wave  would  do,  and  at  any  instant  has  the  same  position  that  WuA 
a  wave  would  have,  provided  the  index  of  refraction  in  the  latter  case  were  property  assumed.  The  naif 
difference  is,  that  the  motions  of  the  vibrating  molecules,  of  wliidi  they  respectively  consist,  are  exeeuled  III 
different  planes.  Now,  when  this  wave  emerges  from  the  medium,  it  obeys  the  same  laws  as  on  its  entiy,  Mdf 
reversed  ;  so  that  it  still  continues  a  plane  wave,  and  its  common  section  with  the  surface  of  tmergenoe  remalBi 
unaltered. 

Hence  it  follows,  that  if  we  cut  a  prism  of  any  doubly  refracting  crystal  with  one  axis,  and  transmit  6iroiigll 
it  a  ray  incident  in  a  plane  at  right  angles  to  the  edge  of  the  prism,  the  ordinar)-  and  extraordinary  ray  will  hSUi 
emerge  in  that  plane,  and  their  separation  will  take  place  in  a  plane  containing  the  incident  and  ordinarily- 
refracted  ray,  and  will  therefore  be,  apparently,  such  as  would  arise  from  attributing  two  ordinary  refractive 
powers  to  tlie  medium.  It  is  only  when  the  edge  of  the  prism  is  oblique  to  the  plane  of  incidence,  that  the 
extraordinary  ray  can  deviate  from  the  plane  containing  the  incident  and  ordinarily  refracted  rays. 

We  see,  then,  that  in  the  theorj'  of  extraordinary  refraction,  it  is  necessary  to  consider,  as  distinct,  two  things, 
which,  in  that  of  ordinary,  are  one  and  the  same,  viz.  the  velocity  of  the  luminous  waves,  and  the  velocity  of  ike 
rays  of  light.  This  distinction  will  require  to  be  very  carefully  kept  in  view  hereafter,  when  we  come  to  ileal 
of  the  law  of  refraction  in  crystals  with  two  axes  of  double  refraction.  For  this,  however,  we  are  not  yet 
prepared,  as  the  know]e<1ge  of  this  law  presupposes  an  acquaintance  with  a  multitude  of  facts  relative  to  the 
polarization  of  light,  of  which  we  have  yet  said  nothing.  It  will  suffice  here  to  mention,  that  the  whole  doctrine 
of  double  refraction  has  recently  undergone  a  great  revolution  ;  one,  indeed,  which  may  be  said  to  have  dbaaged 
the  face  of  Physical  Optics,  in  consequence  of  the  researches  of  M.  Fresnel.  It  had  all  along  been  taken  fcr 
granted,  that  in  crystals  possessed  of  double  refraction,  one  of  the  pencils  followed  the  ordinary  law  of  propoi^ 
tional  sines.  It  had,  moreover,  been  ascertained,  by  experiments  hereafler  to  be  related,  that  the  difference  of 
the  squares  of  the  velocities  between  the  two  pencils  is  in  all  cases  proportional  to  the  product  of  the  sines  of 
the  angles  contained  between  the  extraordinary  ray  (as  it  was  termed)  and  the  two  axes,  or  directions  in  which 
the  refraction  is  single.     It  was  hence  concluded,  that  the  velocity  of  the  extraordinary  pencil  was  in  all  < 


represented  by  tj  v"^ -{- k  .  wti  ff^ .  sin  0^,  v  being  that  of  the  ordinary  one,  and  k  a  constant  depending  on  tbft 
nature  of  the  crystal,  and  0,  0'  the  angles  in  question.  This  granted,  there  would  be  no  difficulty  in  deter- 
mining the  form  of  the  surface  of  double  curvature,  which  should  be  ^substituted  for  the  Huygenian  spheroid; 
so  as  to  render  the  same  construction  with  that  described  in  Art.  806,  or  the  general  fbrmulee  in  Art.  792,  appli- 
cable to  this  case.  In  fact,  if  we  call  a  the  semi-angle  between  the  two  axes,  and  conceive  three  coordinates  J^ 
y,  2,  of  which  x  bisects  that  angle,  the  plane  of  the  «r,  y  containing  both  axes,  it  is  easy  to  see,  by  spherical 
trigonometry,  that  we  must  have 


a  simple  gibrtrtartign^  vwuld  give  ai  once  the  equation  of  lis  sur&ce  as  referred  to  i)m2  litree  eoocdkiates  jc^y^  z; 
HMnelyr 


+  ifc"  (j* .  cos  a^  +  yK  sin  a')»  -  1, 

iwftkh  it  would  be  easy  then  to  transform  into  functions  oF  r,  tij,  and  ^,  as  required  for  the  appIIcatioD  of  the 
^^eneral  anaTytlcul  tbroiyilic  by  the  usuat  suhstitutioiia 

2  ^  r  .  ^  0  i.        y  ^^  T  ,  sin  0  ,  sin  t?  ;         <7  =:  r  *  sin  B  ,  eoa  c* 

Tbe  researches  of  M.  Fresnel,  howe^er^  as  before  remarked,   hav^  destroyed  the  banis  on  wliicb  tliin  theiiry 
1,  by  demonfitnitin^  the  non-existence  of  an  ordinarily  refracted  ray  in  the  case  of  crystals  with  two 
llie0ry  which  he  has  substituted  in  its  place,  however,  and  which  it  is  iinp«s**ible  to  re^^ard  otherwise 
le  of  the  finest  ^enerafiaations  of  modern  science,  we  nmst  resent  for  a  iBote  advanced  |i}ace  in  tMi  emmf* 
'  lall  now  proceed  to  treat 

Of  the  Folarizaihn  of  Light 

e  phenomena  which  belonaf  *»  this  division  of  our  subject  are  so  singulajr  and  varioos,  that  to  one  M'ho  has 
mly  studied  the  subject  of  Phyj^ical  Optics  under  the  relations  presented  in  the  foregfoing  pages,  it  is  like  enter- 
into  a  new  world, — so  splendid  as  to  render  it  one  of  the  most  delightful  branches  of  experimental  inquiry; 
80  fertile  in  the  views  it  lays  open  of  the  constitution  of  natural  bodies,  and  Uie  minuter  mechanism  of  the 
miverse,  as  to  place  it  in  the  very  first  rank  of  the  physico-mathematieal  sciences,  which  it  maintains,  by  the 
fcigoroust  application  of  ^geometrical  reasoning*  its  nature  admits  and  requires.  The  intricacy  as  well  as  variety 
of  its  phenomena,  and  the  unexampled  rapidity  with  which  discoveries  have  succeeded  each  other  in  it,  have 
bitherto  prevented  the  possibility  of  embodying  it  satisfactorily  in  a  systematic  ftrrm  ;  but,  after  the  rejection  of 
numberless  imperfect  generalizations,  it  seems  at  length  to  have  acquired  that  decree  of  consistency  as  to  enable 
— ^lot,  uideed»  to  deduce  every  phenomenon,  by  <iistinct  steps,  from  one  |jeneral  cause — ^but  to  present  them, 
leftst,  in  something'  like  a  regular  succession  ;  to  show  a  mutual  dependence  between  iheir  several  classes, 
hthich  is  amain  step  to  a  complete  generalization  ;  and  to  dispense  with  the  bewildering  detail  of  an  immense 
[Uiultitude  of  individual  facts,  which,  having  served  their  pvirpose  in  the  inductive  process,  must  in  future  be 
tt^nsidered  as  having  their  interest  merged  in  that  of  the  laws  from  which  they  flow. 
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I  In  all  the  properties  and  affections  of  light  which  we  have  UilherCo  considered,  we  have  regarded  it  as 
■kreacBling'  the  same  phenomena  of  reBexion  and  transmission,  both  as  respects  the  direction  and  intensity  of 
bte  leflerted  or  transmitted  beam,  however  it  may  be  presented  to  the  reflecting  or  refracting  surface,  provided 
the  angle  uf  incidence,  and  the  plane  in  which  it  lies,  be  not  varied.  And  this  is  true  of  light  in  the  state  in 
phich  it  is  emitted  inunediately  ^om  the  sun,  or  from  other  self-luminous  sources.  A  ray  of  such  Hglit,  incident 
lim  ^ren  angle  on  a  given  surface,  n^ay  he  conceived  to  revolve  round  an  axis  coincident  w^ith  its  own  direction ; 
ir^  which  comes  to  the  same  thing,  the  reflecting  or  refracting  suriaee  may  be  actually  mtide  to  revolve  round  thm 
imf  as  an  axis^  preserving  the  same  relative  situation  to  it  in  alt  other  respects,  and  no  change  in  the  jiilii  iiimmnii 
Irill  be  perceived.  For  instance,  if  in  a  long  cylindrical  tube  we  fix  a  plate  of  glass,  or  any  other  medium  at 
iSiy  angle  of  incliuaJion  to  the  axis;  and  then,  directing  the  tube  to  the  sun,  turn  the  whole  apparatus  round  on 
Ike  axis,  the  intensity  of  the  retlected  or  refracted  ray  will  suiler  no  variation,  and  its  direction  (if  deviated)  will 
fevolve  unitbrmly  round  with  the  apparatus,  so  that  if  received  on  a  screen  connected  invariably  with  the  tube,  it 
Will  continue  to  faU  on  the  very  same  point  in  all  parts  of  its  rotation.  Or  we  may  receive  the  liglit  from  a 
jnece  of  white  hot  iron  at  any  angle  on  any  medium,  and  its  phenomena  will  be  precisely  the  same,  whether  the 
woa  be  at  rest,  or  be  made  to  revolve  round  an  axis  coincident  with  the  direction  of  the  ray. 

But,  if  instead  of  employing  a  ray  immediately  emitted  from  a  self4uminous  source,  we  subject  to  the  same 
lamination  a  ray  that  has  undergone  some  reflexions,  refractions,  or  been   iu   any  one  of  a  great  variety  of  Pobri^ed 
^ays  subjected  to  the  action  of  material  bodies,  we  find  this  perfect  unifonnity  of  result  no  longer  to  hold  good.  ">y»  l>»ve 
no  longer  inditferent  in  what  plane,  with  respect  to  the  ray  itself,  the   reflecting  or  refracting  surface    is  i*^**T*^ 
fnted  to  it.      It  seems  to  have  acquired  mdes  ;  a  right  and  left,  a  front  and  back  ;   and  the  intttmty^  though  ^-^^^^^  ^^ 
lot  the  direction  of  the  reflected  or  transmitted  portion^  depends  materially  on  the  position  with  respect  to  these  extfmftl 
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sides,  in  whicli  the  plane  of  incidence  lies,  ihoug^h  every  thing*  else  remains  precisely  Ihe  same.  In  this  state  tt  i 
said  to  be  polarized.  The  difference  between  a  polarized  and  an  ordinary  ray  of  ligrht  can  hardly  be  more  i 
conceived  than  by  assimilating  the  latter  to  a  cylindrical,  and  the  former  to  a  four-sided  prismatic  rod,  such  J 
lath  or  a  ruler,  or  other  long^,  flat,  straight  .slick.  It  is  evident  that  the  cylinder,  if  inclined  to  any  surface  i 
given  angle  in  a  given  plane,  may  be  turned  round  its  own  axis  without  altering  its  relations  to  the  plane,  wfa 
those  of  the  prism  will  vary  essentially  according'  to  the  position  of  its  sides.  Let  us  suppose,  for  instance,  i 
is  but  a  simile,  which  we  do  not  wish  the  reader  to  dwell  on  for  a  moment^  or  to  imagine  that  any  analogy] 
hereafler  intended  to  be  establi,shed,)that  we  had  occasion  to  thrust  such  a  rod  into  a  surface  compotel  oT 
detached  fibres,  all  lyini^  iu  one  direction,  or  of  scales  or  laminae  arranged  parallel  to  one  another,  we  dHMdi 
find  a  much  |p"cater  facility  of  penetration  on  presenting  its  broad  side  in  the  direction  of  the  laminae  or  6hn^ 
than  transverse  to  them.  A  thin  sheet  may  be  slipped  between  the  bars  of  a  grating*,  which  would  preseot  ta 
insuperable  obstacle  to  it  if  presented  cross-wise. 

Bnl^  to  be  more  particular,  and  to  give  a  more  clear  conception  of  the  marked  distinction  which  exists  betwicQ 
a  polarized  and  an  un polarised  ray.  There  are  many  crystallized  minerals,  which  when  cut  into  parallel  pUla 
are  sufficiently  transparent,  and  let  pass  abundance  of  light  with  perfect  regularity,  but  which,  neverthelesSi  at 
its  emergence  is  found  to  have  acquired  that  peculiar  modification  here  in  question.  One  of  the  roost  remark- 
able of  these  is  the  tourmaline.  Thi»  mineral  crystallizes  in  long  prisms,  whose  primitive  form  is  the  oblust 
rhomboid,  having  its  axis  parallel  to  the  axis  of  the  prism.  The  lateral  faces  of  these  prisms  are  frequently  «o 
numerous  as  to  give  them  an  approach  to  a  cylindrical  or  cylindroidal  form.  Now  if  we  take  one  of  ikeat 
crystals,  and  slit  it  (by  the  aid  of  a  lapidary*s  wheel)  into  plates  parallel  to  the  axis  of  the  prism  of  modenlc 
and  uniform  thickness,  (about  -^  of  an  inch,)  which  must  he  welhpolished,  luminous  objects  may  be  seen 
througli  them,  as  through  plates  of  coloured  glass.  Let  one  of  these  plates  be  interposed  perpendiculadf 
between  the  eye  and  a  candle,  the  latter  will  be  seen  with  equal  distinctness  in  every  position  of  the  axis  of  the 
plate  with  respect  to  the  horizon,  (by  the  axis  of  the  plate  is  meant  any  line  in  it  parallel  to  the  axes  of  iti 
molecules,  or  to  the  axis  of  the  prism  from  which  it  was  cut.)  And  if  the  plate  be  turned  round  on  its  own 
plane,  no  change  will  he  perceived  in  the  image  of  tiie  cand'e.  Now,  holding  this  first  plate  in  a  fixed  position, 
(with  its  axis  vertical,  for  instance,)  let  a  second  be  interposed  between  it  and  the  eye,  and  turned  round  slowly  in 
its  own  plane,  and  a  very  remarkable  phenomenon  will  he  seen.  The  candle  w  ill  appear  and  disappear  alternately 
at  every  quarter  revolution  of  llie  plate,  passing  through  all  gradations  of  brightness,  from  a  maximum  dowa 
to  a  total,  or  almost  total,  evanescence,  and  then  increasing  again  by  the  same  degrees  as  it  diminished  befort. 
If  now  we  attend  to  the  position  of  the  second  plate  with  respect  to  the  first,  we  shall  find  that  the  moTtmtf  of 
illtiminalion  take  place  when  the  axis  of  the  second  plate  is  parallel  to  that  of  the  first,  so  that  the  two  pltt» 
have  either  the  same  positions  with  respect  to  each  other  that  they  had  in  the  original  crystal,  or  positions  diflerinp 
by  180'^,  while  the  minima,  or  evanescences  of  the  imnge,  take  place  exactly  90°  from  this  parallelism,  or  whrti 
the  axes  ot  the  two  plates  are  exactly  crossed.  In  tourmalines  of  a  good  colour,  the  stoppage  of  the  ligir  i 
this  situation  is  total,,  and  the  combined  plate  (though  composed  of  elements  separately  very  transparent  aatl  ut 
the  same  colour)  is  perfectly  opake.  In  others  it  is  only  partial ;  but  however  the  specimens  be  chosen,  a  very 
marked  defalcation  of  light  in  the  crossed  position  takes  place.  We  shall  at  present  suppose  that  the  specimen? 
employed  possess  the  property  in  questinn  in  its  greatest  perfection.  Now  it  is  evident  that  the  light  which  h.v> 
passed  through  tlic  first  plate  has  acquired  in  so  doing  a  property  totally  dir^tinct  from  those  of  the  nriginal  ligbt 
of  the  candle.  The  latter  would  have  penetrated  the  second  plate  equally  well  in  all  its  positions  ;*  the  fonnerts 
incapable  altogether  of  penetrating  it  in  some  positions,  while  in  others  it  passes  throngh  readily,  and  thr^e 
positions  correspond  to  certain  sides  which  the  ray  has  acquired,  and  whicli  are  parallel  and  perpendicular 
respectively  to  the  axis  of  the  first  plate.  Moreover,  these  sides  once  acquired,  are  retained  by  the  ray  in  all  it* 
future  course,  (provided  it  be  not  again  otherwise  modified  by  contact  with  other  bodies  J  libr  it  matters  not  I 
great  the  distance  between  the  two  plates,  whether  they  be  in  contact  or  many  inches,  yards,  or  miles  i 
not  the  least  variation  is  perceived  in  the  phenomenon  in  question.  If  the  position  of  the  first  plate  bet 
the  sides  of  the  transmitted  ray  sliift  with  it,  through  an  equal  angle,  and  the  second  will  no  longer  extin 
it  in  the  position  it  at  first  did,  but  must  be  brought  into  a  position  removed  therefrom,  by  an  angle 
that  throngh  which  the  first  plate  has  been  made  to  revolve, 

A  great  tnany  other  crystallized  bodies  besides  the  tourmaline  possess  this  curious  property,  and  several  IB 
great  perfection.  The  tourmaline,  however,  is  one  easily  procured,  and  being  exceedingly  useful  iw  opticftl 
experiments,  we  would  recommend  tlie  reader  who  has  any  desire  to  familiarize  himself  with  the  praclicil 
manipulations  of  this  brunch  of  optical  science,  to  provide  himself  with  a  good  pair  of  corresponding  plate»af 
tliis  mineral,  cnt  and  polished  as  above  directed.  The  colour  is  a  point  of  great  moment.  Those  of  a  bin* 
or  green  colour  possess  the  property  in  qnestion  very  imperfectly  ;  the  yellow  varieties,  unless  when  verging  t0 
g-reenish  brown,  are  equally  improper,  the  best  colour  is  a  hair-brown,  or  purplish  brown,  and  they  may  be  slit 
and  polished  by  any  lapidary. 

But  it  is  not  only  by  stich  means  that  the  polarizafion  of  a  pencil  of  light  may  be  operated,  nor  is  this  the  only 
character  which  distinguishes  polarized  from  ordinary  light.  We  shall,  therefore,  describe  in  order,  the  priiidpii 
means  by  which  the  polarization  of  light  may  be  performed,  and  tlie  assemblage  of  characters  which  are  inf*- 
riably  found  to  coexist  in  a  ray  when  polarized. 

The  chief  modes  by  which  the  polarization  of  light  may  be  effected,  are 

1st.  By  reflexion  at  a  proper  angle  from  the  surfaces  of  transparent  media* 

2d,  By   transmission    through    a  regularly    crystallized    medium   possessed   of  the   property    of  double 
fimc^on. 

3d.  By  transmission  throngh  transparent,  uncrystallt zed  plates  in  sufficient  number,  and  at  proper  angles. 
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4th-  By  transmission  thron^h  a  variety  of  bodies,  such  as  agnte,  mot her-of- pearl,  &c,  which  have  an  approach 
*  to  a  laminated  structure,  and  an  im perfect  state  of  crystalh'zation. 

The  characters  whicfi  are  invariably  found  to  coexist  in  a  polarized  ray,  bein^  the  chief  of  those  by  which  it 
may  be  most  easily  recogrnised  as  polarized,  are — 

.     1.  Incapability  of  beioir-  iraiis milted  by  a  p!ale  of  toiirmalioe,  as  above  deicribed,  when  incident  perpendicu- 
larly on  it,  in  certain  positions  of  the  plate  ;   and  ready  transmission  in  others,  at  right  ang^les  to  the  farmer. 

2,  Incapability  of  being-  reflected  by  polished  transparent  media  at  certain  angles  of  incidence,  and  in  certain 
portions  of  the  plane  of  incidence, 

3,  Incapabiltiy  of  nndergroiii^  division  into  two  eqnal  pencils  by  double  refraction,  in  positions  of  the  doubly 
refracting"  bodies,  in  which  a  ray  of  orthnary  li<jht  would  be  so  divided. 

Besides  which,  there  might  be  enumerated  a  vast  variety  of  other  characters,  which,  however^  it  will  be  better 
to  regard  as  properties  at  once  of  polarized  liglil,  and  of  the  various  media  which  affect  it.  It  cannot  fail  to  be 
remarked,  that  all  these  characters  are  of  the  ffegatwe  kiftd.^  and  consist  in  denying  to  polarized  light  properties 
which  ordinary  light  possesses,  and  that  they  are  such  as  affect  the  intensity  of  tlie  ray,  not  its  direction.  Thus, 
the  direction  which  a  polarized  ray  will  take  under  any  circumstances  of  the  action  of  media,  is  never  different 
from  what  an  unpolarizcd  ray  might  take,  and  from  what  a  portion  of  it  at  least  actually  docs.  For  instance^ 
when  an  unpolarized  ray  is  separated  by  double  refraction  into  two  etfual  pencils,  a  polarized  ray  will  be  divided 
into  two  unequal  ones,  one  of  which  may  even  be  altogether  evanescent,  but  their  directions  are  precisely  the 
same  as  those  of  the  pencils  into  which  the  unpolarizcd  ray  is  divided.  Hence  we  may  lay  it  down  as  a 
general  principre,  that  the  direction  taken  by  a  polarized  ray,  or  by  the  parts  into  which  it  may  be  divided  by 
any  reflexions,  refractions,  or  other  modifying  causes,  may  always  be  determined  by  the  same  rules  as  apply  to 
impolarized  light ;  but  that  the  relative  iutensiiieit  of  these  portions  differ  from  those  of  similar  portions  of 
unpolarized  hght^  according  to  certain  laws  which  it  is  the  business  of  the  optica!  infjuirer  to  ascertain* 


§  III.     Of  the  Polarization  of  Light  by  Rvfierion, 


When  a  ray  of  direct  solar  light  is  received  on  a  plate  of  polished  glass  or  other   medium,  a  poriion  more  or       821. 
leas  considerable  is  always  reflected.     The   inteusity  of  this  portion  depends  only  on  the  nature  of  the  medium  ^'gl'f 
mnd  on  the  angle  of  incidence,  being  greater  as  the  refractive  power  of  the  former  is  greater,  and  as  the  ray  falls  P«^*''ii«d  *>y 
more  obliquely  on  the  surface.  Btit  it  is,  moreover,  found,  thai  at  a  certain  angle  of  incidence,  (which  istherelore  ^^  ^^^^* 
called  the  polarizitig  an^k^)  the  reflected  ray  possesses  all  the  characters  above  enumerated,  and  is  therefore 
polarized. 

This  remarkable  fact  was  discovered  by  Malus  in  1808,  when  accidently  viewing,  through  a  doubly  refracting  822. 
prism,  the  light  of  the  setting  sun  reflected  from  the  glass  windows  nf  the  Luxembourg  Palace  in  Paris.  On  l^i^roienr 
turning  round  the  prism,  he  was  suqjriscd  to  obser^^e  a  remarkable  ditference  in  the  intensity  of  the  two  imoges; 
the  Host  refracted  alternately  suqiassing  and  fulling  short,  of  the  least  in  brightness,  at  each  quadrant  of  the 
revolution.  This  phenomenon  connecting  itself  in  his  mind  with  similar  phenomena  produced  by  rays  which  had 
undergone  double  retraction,  and  with  which,  from  the  researches  lie  was  then  engaged  in,  he  was  familiar,  led 
him  to  investigate  the  circumstances  of  the  case  with  all  possible  attention,  and  the  result  was  the  creation  of  a 
new  department  of  Physical  Optics.  So  true  it  is,  that  a  thousand  indications  pass  daily  before  our  eyes  which 
might  lead  to  the  most  important  conclusions.  The  seeds  tif  great  discoveries  are  everywhere  present  and 
floating  around  us,  but  they  fall  in  vain  ou  the  unprepared  mind,  and  germinate  only  where  previous  inquiry  has 
elaborated  the  soil  for  their  reception,  and  awakened  the  attention  to  a  perceptitm  of  their  value. 

To  make  this  new  property  acquired  by  the  reflected  ray  evident  by  experiment,  let  any  one  lay  down  a  large 
plate  of  glass  on  a  black  cloth»  on  a  table  before  an  open  window,  and  placing  himself  conveniently  so  as  to  look  Experimerif 
obliquely  at  it,  let  him  view  the  reflected  light  of  the  sky,  (or,  which  is  better,  of  the  clouds  if  not  too  dark,) 
from  the  whole  surface,  which  will  thus  appear  pretty  uniformly  bright.  Then  let  him  close  one  eye,  and  apply 
before  the  other  a  plate  of  tourmaline,  cut  as  above  directed,  so  as  to  have  it^  ajciii  in  a  vertical  ptanr.  He  will 
then  observe  the  surface  of  the  ghiss,  instead  of  being  as  before  equally  illuminated,  to  have  on  it,  as  it  were, 
an  obscure  cloud,  or  a  large  blot,  the  middle  of  which  is  totally  dark.  If  this  be  not  seen  at  l^rst,  it  will  come 
into  view  on  elevating  or  depressing  the  eye.  If  the  inclination  of  a  line  drawn  from  the  centre  of  the  dark 
spot  to  the  eye  be  measured,  it  will  be  found  to  make  an  angle  of  about  S3>^  with  the  surface  of  the  gJass.  If 
now^,  keeping  the  eye  fixed  on  the  spot,  the  tourmaline  plate  (which  it  is  convenient  to  have  set  in  a  small 
circular  frame  for  sucfi  experiments)  be  turned  slowly  round  in  its  own  plane,  the  spot  will  grow  less  and  less 
obscure,  and  whtm  thr.  axit  af  the.  tmirmaiine  is  parallel  to  the  rejecting  Aurface^  (or  horizontal,)  will  have  dis- 
«ppeared  completely,  so  as  to  leave  the  surface  equally  illuminated,  and,  on  continuing  the  rotation  of  the  tourma- 
line, will  appearand  vanish  alternately. 

It  ajipears  from  tliis  experiment,  thai  the  ray  which  has  been  reflected  from  the  surface  of  the  glass  at  an 
inclination  of  33**,  or  an  iiicidunce  of  57*^,  has  thereby  been  deprived  of  its  power  to  penetrate  a  tourmaline 
ptate  whose  axis  lies  in  the  plane  of  incidence.  It  has  therefore  acquired  the  same  character,  or  (so  far  as  this 
•p^es,  at  least)  undergone  the  same  mtitli^ralion  as  if^  instead  of  being  reflected  on  glass,  it  had  been  transmitted 
rjEfarough  a  tourmaline  plate,  whose  axis  was  perpendicular  to  the  plane  of  reflexion. 

It  h&s^  moreover,  acquired  all  the  other  enumerated  characters  of  a  polarized  ray.     And»  first,  it  has  become 
lY*  3u 
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incapable  of  reflexion  at  the  surface  of  glass,  or  other  transparent  media  at  certain  defitiite  angles,  and  in 

certain  posilifms  of  the  plane  of  incidence.  To  show  this  eKperimcntallyt  let  a  piece  of  polished  glass  ha\ 
uf  its  surfaces  roughened,  and  blackened  with  melted  pitch  or  black  varnish,  so  as  to  destroy  its  in 
reflexion,  and  let  this  be  fixed  on  a  staod,  so  as  to  be  capable  of  varying  at  will  the  inclination  of  lis  [ 
surface  to  the  horizon,  and  of  turnings  it  round  a  vertical  axis  in  atiy  azimuth.  A  very  convenient  stand  ( 
kind  is  figured  in  fi^.  171,  consisting^  of  a  cylindrical  support  A  sliding?  in  a  vertical  tube  B,  attached  to  a  i 
base  F  like  a  candlestick,  and  carrying  an  arm  C,  which  can  be  set  to  any  ang-le  of  inclination  to  the  horixonl 
means  of  a  stiff  shoulder  joint  D.  To  this  arm  the  blackened  p;lass  E  is  fixed,  having;  its  plane  parallel  to  I 
a^iisof  the  joint  D.  Let  this  apparatus  be  .set  on  a  table,  so  that  the  raysrefiected  from  a  pretty  large  plaice 
glass  G,  at  an  angle  of  about  57*^  (of  incidence)  shall  be  received  on  the  glass  E,  which  ought  to  be  indin 
wkh  its  polished  surface  looking  downwards,  and  making  an  angle  of  about  73'^  with  the  horizon,  see  Art  ^ 
Then  let  the  obsen^cr  apply  his  eye  near  the  glass  E,  so  as  to  see  the  glass  G  reflected  in  it»  and  slowly  turn 
the  stand  F  round  in  a  horizontal  plane,  keeping  always  tlie  reflected  image  of  G  in  view.  He  will  then 
perceive^  that  at  a  certain  point  of  the  rotation  of  the  stand,  the  illumination  of  this  image^  which  in  other 
situations  is  very  bright,  will  utidergo  a  rapid  diminution,  and  at  last  wholly  disappear,  and  (if  the  glass  G  be 
large  enough)  Ihe  same  appearance  of  a  cloud  or  large  dark  spot  will  then  be  visible  upon  it.  If  the  inclination 
of  the  arm  C  D  be  correct,  it  will  be  easy  to  find  such  u  position  by  turning  tlie  stand  a  little  backwards  ami 
forwards,  as  shall  make  ihe  centre  of  this  spot  totally  black  ;  if  not,  bring  it  to  as  great  a  degree  of  obscurity  as 
possible  by  the  horizontal  motion*  then,  holding  fast  the  stand,  vary  a  Htlle  one  way  or  another  the  inclination  of 
the  reflector  E,  and  a  very  complete  obscurity  will  readily  be  attained. 

Another,  and,  for  some  experimental  pur|)Osts,  abetter  way  of  exhibiting  the  same  phenomenon,  is  to  take 
two  metallic  or  pasteboard  tubes,  open  at  both  ends,  and  fitting  into  each  other  so  as  to  turn  stifl^y.  Into  e*ch 
of  these,  at  the  end  remote  from  their  junction,  fix  with  wax,  or  in  a  frame,  a  plate  of  glas«,  blackened  at  the 
back  as  above  described,  so  as  to  make  an  angle  of  33^  with  the  axis  of  the  tnbe,  as  represented  in  ^g^  WL 
Then  having  placed  the  tnbe  containing  one  of  the  plates  (A)  so  that  the  light  from  any  luminary,  reflected  at 
the  plate  shall  traverse  the  axis  of  the  tube,  fix  it  there,  and  the  reflected  ray  will  be  again  reflected  at  B,  and 
on  its  emergence  may  be  received  on  a  screen  or  on  tlie  eye.  Now  make  the  tobe  containing  the  reflector  B 
revolve  within  the  other,  so  that  that  reflector  shall  revolve  round  the  ray  A  B  as  an  axis,  preserving  tlie  sarae 
inclination.  Then  will  the  twice  reflected  ray  revolve  with  equal  atgidar  motion,  and  describe  a  conical 
surface.  Butin  so  doing,  it  will  be  observed  to  vary  in  intensity,  and  at  two  points  of  the  revolution  of  the  tube 
B  will  disappear  atfogeihcr.  Now  if  we  attend  to  the  position  of  tlie  reflectors  at  this  moment,  it  will  be  foand 
that  ihe  piancs  of  the  fir d  and  second  refiejrion  make  a  rii^kt  article. 

By  repeating  Uiese  experiments  with  all  sorts  of  reflecting  media,  and  determining  by  exact  measurement  th 
angles  at  which  the  original  ray  must  be   incident    that   polarization  shall  take  place,  and  those  at  which | 
polarized  ray  ceases  to  be  reflected,  the  following  laws  have  been  ascertained  to  hold  good,  previous 
announcing  which  a  definition  will  be  necessary. 

Definition,  Tlie  plane  of  polarization  of  a  polarized  ray  is  the  plane  in  which  it  mast  have 
reflexion,  to  have  acquired  its  diaracter  of  polarization  ;  or  that  plane  passincr  through  the  course  of  the  i 
perpendicular  to  which  it  cannot  he  reflected  at  the  polarizing  angle  from  a  transparent  medium  ;  or,  again,  thai 
plane  in  which,  if  the  axis  of  a  tourmaline  plate  exposed  perpendicularly  to  the  ray  be  situated,  no  portii>anl' 
the  ray  will  be  transmitted*  Also,  a  polarized  ray  is  said  to  be  polarized  in  its  plane  of  polarization,  of  ju«^i 
defined. 

The  plane  of  polarization  of  any  polarized  ray  is  to  be  considered  as  one  of  the  sides  of  the  ray  which  tha 
in  all  its  future  progress,  carries  with  it  certain  relations  to  surrounding  fixed  space,  which  must  be  regarded. 
while  they  continue  iinchangcd,  as  inherent  in  the  ray  itselt^  and  as  having  no  further  any  relation  lo  the  parti- 
cular mode  in  which  they  originated. 

The  laws  of  polarization  by  reflexion  are  these  : 

Law  1,     All  reflecting  surfaces  are  capable  of  polarizing  light  if  incident  at  proper  angles;    only,  mc 
bodies,  or  bodies  of  very  high  refractive  powers,  appear  to  do  so  but  imperfectly,  the   reflected    ray  not  adir^^ 
disappearing  in  circumstances  when  a  i>erfeclly  polarized  ray  would  be  completely  exlinguiahed.     Of  this  more 
hereafter. 

haw  2.  Different  media  differ  in  the  angles  of  incidence  at  which  they  polarize  light ;  and  it  is  found,  ihaJ 
thei^e  angles  may  always  be  determined  from  the  following  simple  and  elegant  relation,  discovered  by  Dr.  Brewster 
after  a  laborious  examination  of  an  infinite  variety  of  substances. 

The  tangent  of  (he  polarizini^  angle  for  anif  medium  is  the  index  of  refrariion  Mon^Pg  io  that  medium. 

Thus,  the  indices  of  refraction  of  water,  crown-glass,  and  diamond,  being  respectively  1.330,  1.535,  and  2.ISt^] 
their  respective  polarizing  angles  wiU  be  53°  U',  b^"^  l>5',  and  68*^  6'.     For  diamond,  however,  or  bodies  of  vay 
high  refractive  powers,  we  must  understtind  by  the  polarizing  angle,  that  angle  of  incidence  at  which  the  reflectnl 
ray  approximates  most  nearly  to  the  character  of  a  ray  completely  polarized. 

It  follows  from  this  law,  that  one  and  the  same  medium  does  not  polarize  all  the  coloured  rays  at  the  saaw 
angle,  and  that  therefore  the  disappearance  of  the  reflected  pencil  can  never  be  total,  except  where  the  inciilcni 
ray  is  hotnogeneous.  Tiiis  will  account  in  some  degree  for  the  want  of  complete  polarization  of  a  white  ni\, 
reflected  at  any  angle  from  highly  refractive  media,  which  are  generally  also  highly  dispersive.  Of  the  realuj 
of  the  fact,  it  is  easy  to  satisfy  oneself  by  a  very  simple  experiment,  which  we  have  often  made.  Receive  a  sua- 
beam  on  a  plane  glass,  with  the  back  roughened  and  blackened,  at  an  incidence  (0)  nearly  equal  to 
polarizing  angle  (a,)  and  kt  the  reflected  ray  pass  into  a  darkened  room,  and  fall  on  another  similar 
nhich  maybe  held  to  the  hand,  so  as  to  reflect  the  ray  in  a  plane  at  right  angles  to  that  of  the  first  reflection. 
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also  at  an  angle  (0^  nearly  equal  to  the  polarizing  angle  (of)  of  the  second  plate.     It  will  be  easy  to  find  a     F^  IV. 
'  position  where  the  reflected  ray  (which  must  be  received  on  a  white  screen)  very  nearly  vanishes ;  but  no  adjust-  ^***v^^^ 
ment  of  the  angles  of  incidence  0  and  ^  will  produce  a  total  disappearance.     When  the  disappearance  is  most  ^^^^  ^7 
nearly  total,  the  reflected  light  is  coloured  of  a  neutral  purple  ;  the  yellow,  or  most  luminous  rays,  being  now  •*P*""*«"^ 
totally  extinguished.     In  this  position,  if  0  remain  constant,  and  ^  the  incidence  on  the  second  plate  be  varied 
a  little  on  one  side  or  the  other  of  the  polarizing  angle  af^  the  reflected  ray  assumes  on  the  one  hand  a  pretty 
intense  blue-green,  and  on  the  other  a  ruddy  plum  colour  or  amethyst  red.     The  several  changes  of  tint, 
ftrisiug  from  variations  of  incidence  on  both  plates,  were  observed  to  be  as  follows : 

&  <,  d ;        Reflected  ray.  Strong  green. 

1st.     ^  <  a  ;  -^    Intermediate, White. 

^  >  a' ;         ___—    Pale  red  or  amethyst. 


•■{ 

(  e><a'; 
\j  ■<    Intermedi 


Strong  blue  green. 

2d.     0  ;=z  a;  ^    ^  =  ^!'  Neutral  purple. 

Strong  plum  colour. 

Light  greenish  blue. 


3d.     0>  a;  -{    Intermediate, White. 

Strong  red,  or  plum  colour. 

The  rationale  of  these  changes  of  colour  will  be  more  evident  when  we  have  announced  the  following  law, 
which  expresses  one  of  the  most  general  and  distinguishing  characters  of  polarized  light. 

Law  3.     When  a  polarized  ray  (no  matter  how  it  acquired  its  polarization)  is  incident  on  a  reflecting  surface      683. 
0f  a  transparent,  or  other  medium  capable  of  completely  polarizing  light,  in  a  plane  perpendicular  to  that  of  the  Law  3. 
ray's  polarization,  and  at  an  angle  of  incidence  equal  to  the  polarizing  angle  of  the  medium,  no  portion  of  the  .^fj!*"*"*^**" 
lay  will  be  reflected.     If  the  medium  be  of  such  a  nature  as  to  be  capable  only  of  incompletely  polarizing  light,  Lii|.{j^ 
a  pcMtion  will  be  reflected,  but  much  less  intense  than  if  the  incident  ray  were  unpolarized.  [jght  ia 

It  is  evident  that  this  property  may  be  employed  to  distinguish  polarized  from  common  light,  as  well  as  that  of  certain,  anJ 
extinction  by  a  plate  of  tourmaline.  It  is,  however,  much  less  convenient  though  better  adapted  for  delicate  ^^^^  cues. 
inquiries. 

The  polarizing  angle  for  white  light  is,  in  fact,  the  angle  for  the  most  luminous  or  mean  yellow  rays ;  and       834. 
when  the  two  reflexions,  in  planes  at  right  angles  to  each  other,  are  made  at  this  angle,  the  yellow  rays  only  Kxplanation 
totally  escape  reflexion,  but  a  very  small  portion  both  of  the  red  and  blue  end  of  the  spectrum  are  reflected,  and  °^^^^  . 
form  a  feeble  purple  beam,  such  as  above  described.    The  polarizing  angle  for  red  rays  being  less  than  for  violet,  ^^^^^^  *" 
it  is  evident  that  when  either  ^  or  ^  is  equal  to  the  polarizing  angle  for  red,  it  will  be  less  than  that  of  yellow,  experiment. 
and  Btill  less  than  that  of  blue  and  violet  rays ;  thus,  the  red  disappears  most  completely  from  the  reflected  beam 
in  those  cases  when  0  oi  &  are  less  than  a  or  a\  leaving  an  excess  of  the  green  and  blue  rays,  and  vice  vend  in 
the  converse  cases.     Thus,  too,  if  (?  be  <  a,  and  at  the  same  time  ^  <  a,  the  colour  produced  will  be  a  more 
intense  green  than  if  the  incidences  deviated  opposite  ways  from  the  polarizing  angles ;  and  it  is  evident,  that 
a  compensation  may  arise  from  the  effect  of  such  opposite  deviations  giving  an  intermediate  white  ray,  exactly 
as  we  see  to  have  happened. 

Some  very  remarkable  consequences  follow  from  the  law  announced  by  Dr.  Brewster  fbr  finding  the  polarizing       835. 
angle,  which  may  be  presented  in  the  form  of  distinct  propositions.     Thus, 

Prop.  1.    When  a  ray  is  incident  on  a  transparent  suiface,  so  that  the  reflected  portion  shall  be  completely      836. 
polarized,  the  reflected  and  refracted  portions  make  a  right  angle.     For  0  being  the  angle  of  incidence,  we  have  Consoquen- 

tan  />  =  M  and  />,  being  the  angle  of  refraction,  sin  p  =:  ^^  =  ^^  =  cos  0.     Therefore  /»  c=  90^  -  0,  but  0  ^^^^^^' 

being  the  angle  of  incidence  is  also  that  of  reflexion,  and  p  -^^  0  \s  therefore  equal  to  the  supplement  of  the 
angle  between  the  reflected  and  refracted  rays,  which  is  therefore  a  right  angle.  Q.  E.  D. 

Prop,  2.    When  a  beam  of  common  light  is  incident  at  the  polarizing  angle  on  a  parallel  plate  of  a  transparent      837. 
medium,  not  only  the  portion  reflected  at  the  first  surface,  but  also  that  reflected  internally  at  the  second,  and  Polarizatioo 
the  compound  reflected  ray,  consisting  of  both  united,  are  polarized.  ^'xiT*^ 

Since  sin  />  =  cos  ^,  and  since  p  is  also  the  angle  of  incidence  on  the  second  surface,  we  shall  have  tan  p  ^^  ^^^^^' 

cotan  0  = =  —  =  index  of  refraction  out  of  the  medium.     Hence,  p  is  the  angle  of  polarization  for  rays 

tan  0        fjt 

internally  incident,  and  therefore  that  portion  of  the  beam  which,  having  penetrated  the  first  surface,  falls  on  the 
second,  being  incident  at  its  polarizing  angle,  the  portion  reflected  here  will  also  be  polarized,  and  being  again 
incident  on  the  first  surface,  in  the  plane  of  its  polarization,  that  part  of  it  which  is  transmitted  will  (as  we  shall 
see  hereafter)  suffer  no  change  in  ite  plane  of  polarization,  so  that  both  it  and  the  first  reflected  ray  will  come 
off  polarized  in  the  same  plane.  Q.  E.  D. 

iiorol.  1.     Hence,  to  obtain  a  stronger  polarized  ray,  we  may  dispense  with  roughening  or  blackening  the       838. 
posterior  surface,  provided  we  are  sure  that  the  surfaces  are  truly  parallel.  ^ 

If  a  series  of  parallel  plates  be  laid  one  on  the  other  so  as  to  form  a  pile,  the  portions  reflected  from  the  «|  .  jJ' 
•ereral  surfaces  all  come  off  polarized  in  the  same  plane,  and  by  this  means  a  very  intense  polarized  ray  may  be  obtaining 
obtained.     It  can  never,  however,  for  a  reason  we  shall  presently  state,  contain  more  than  half  the  incident  an  intense 
light,  whatever  be  the  number  of  plates  employed.  polarii«l 

3  U  2  beam. 
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For  a  great  variety  of  opticd  experlmertis,  a  pile  consisting  of  ten  or  a  dozen  panes  of  comiiton  window-glftss   I 
^  set  in  a  frame,  is  of  great  use  and  very  convenient.     Such  a  pile  laid  down  before  an  open  window  a0brds  i  S( 

dispersed  beam,  each  ray  of  which  is  pDlarized  at  the  proper  anj^Je*  and  of  great  intensity  and  very  proper  for 

the  exhibition  of  many  of  the  phenomena  hereatler  to  be  described- 
Pro/?.  3»     If  a  ray  be  completely  polarized  by  reflexion  at  (he  surface  of  one  medium,  and  the  reflected  nj 

completely  transmitted  or  absorbed  at  that  of  a  second,  Required   the  inclination  of  the  two  surfaces  to  each 

other  ? 

Let  a  and  «'  be  the  polarizing'  anf^ks  of  the  respective  media;   then,  since  the  planes  of  reflexion  are  at  rigki 

ang^les  to  each  other,  and  a,  n'  are  the  angles  of  incidence,  if  we  call  I  the  inclination  required,  we  shall  have  by 


Art,    104,  cos  I  =  cos  a  .  cos  a\ 

tan  a'  =  a',  and  tJierefore 


Now»  if  /s  ft*  be  the  refractive  indices  of  the  media,  we  have  tan  <»  =  /s 


tan  I 


S42  Coroi.  I,     If  the  media  be  both  alike, 

tan  I  :=  /t  , 


+  f.^fi\ 


"v  2  -j-  fi^;  or  cos  I  = 


HAS. 
MfilhmJ  of 
rietcmii 


Thus,  in  the  case  of  crown-glass,  ^  =  1.535  and  I  =  72^*  40',  as  in  Art,  825. 

By  ihe  help  of  tliis  law,  connecting-  the  anx*:le  of  polarization  with  the  refractive  index,  we  may  easily  i 

the  one  from  the  other.     This  affords  a  valuable  and  ready  resource  in  cases  to  which  other  methods  can 

ntncilv*^^  be  applied,  for  ascertaining  the  refractive  powers  of  media,  which  are  either  opake,  or  in  such  small  or  irregularly 

indicMby     shaped  masses,  that  they   cannot  be  used   as  pnsras.     For  ascertaining  the  angle  of  polarization,  only  one 

polariiotioa.  polished  surface,  however  small,  is  necessary,  and  wg  have  only  to  receive  a  ray  reflected  from  it  on  a  blackened 

glass,  or  other  similar  medium  of  known  refractive  index,  ai  the polarirAng  angles  and  in  a  plane  perpendicol&r 

to  that  at  which  it  is  reflected  by  the  surfucc  under  examination.     For  this  purpose  it  is  convenient  to  have  the 

glass  plate  (or,  which  is  better,  a  polished  plate  of  obsidian  or  dark  coloured  quartz)  set  in  a  tube  diagonally, 

so  as  to  reflect  laterally  the  ray  which  traverses  the  axis  of  the  tube.     At  the  other  end,  the  substance  to  be 

examined  must  be  fixed  on  a  revolving  axis  perpendicular  to  the  axis  of  the  tube,  and  having  its  plane  adjusted 

so  as  to  be  parallel  to  the  former,  whicfi   must  then  be  turned  round  till  the  dispersed  light  of  the  cloads, 

reflected  by  rt,  is  entirely  extinguished  by  the  obsidian  plate,  and  Ihe  inclinafion  of  the  reflecting  surface  to  th< 

axis  of  the  tube  in  this  situation  may  be  measured  by  a  divided  circle,  connecting  with  the  axis  of  rotation.    By 

this  means  we  may  ascertain  the  polarizing  angles,  and  tiierefore  the  refractive  indices  of  the  smallest  crystals, 

or  of  polished  stones,  gems,  &c.,  set   in   such  a  manner  as  not  to  admit  of  other  modes  of  examination.    To 

insure  a  fixed  zero  point  on  the  graduated  circle,  the  following  mode  (among  many  others)  may  be  resorted  to. 

Let  a  polished  metallic  reflector  or  small  piece  of  looking-glass  be  permanently  attached  to  the  revolving  axis,  so 

that  its  plane  shall  be  perpendicular  to  the  axis  of  the  lube,  when  the  index  of  the  divided  circle  marks  0^  0'.  This 

adjustment  being  made  once  for  all,  let  the  surface  to  be  examined  be  attached  by  wax  or  otherwise,  not  to  the 

axis  itself,  but  to  a  ring  turning  stifHy  on  it.     Then,  bringing  the  image  of  the  sun,  or  any  very  distant  object, 

suHicieiitly  bright  or  well  defined,  seen  in   the  reflector,  to  coincide  with   any  other  equally  well   defined,  aud 

also  at  a  great  distance,  alter  the  attachment  of  the  substance  by  pressure  on  the  wax,  and  by  turning  round  the 

ring,  till  a  similar  coincidence  is  obtained  when  the  eye  is  transferred  to  iL     Then  we  are  assured  that  the  two 

surfaces  are  parallel,  and  that  therefore  the  reading  olf  on  the  circle  measures  the  true  angle  between  the  aiif 

of  the   tul>e   and  the  perpendicular,  or  the   angle   of  reflexion,  or  at  least  differs  from  it  only  by  a  coasU&l 

quantity,  which  may  be  ascertained  at  leisure,  and  applied  as  index  error.     (This  mode  of  bringing  a  movablf 

surface  to  a  fixed  position  with  respect  to  the  divisions  of  an  instrument,  is  applicable  to  a  great  variety  tff 

cases,  and  is  at  once  convenient  and  delicate.) 

|4.  Dr.  Brewster  has  remarked,  that  glass  surfaces  frequently  exhibit  remarkable,  and  apparently  unaccountable 

IrrcgiiTar      deviations  from  the  general  law ;  but  on  minute  examination  he  found  that  this  substance  is  liable  to  asuperficisl 

bv  e?^^^**°  tarnish,  or  formation  of  infinitely  thin  films  of  a  different  refractive  powder  from  the  mass  of  glass  beneath.    As 

Mirfiicca.       f^^  polarized  ray  never  penetrates  the  surface,  its  angle  of  polarization  is  determined  solely  by  this  filro,  whid 

is  too  thin  to  admit  of  any  direct  measure  of  its  retractive  index.     When  this  tarnish  has  gone  to  a  great  extent, 

scales  of  glass  detach  themselves,  as  is  seen  in  very  old  windows,  (especially  those  of  stables,)  and  even  in  green 

glass  bottles  which  have  long  lain  in  damp  situationSp  and  which  acquire  a  coat  actually  capable  of  being  mistaken 

tor  gilding. 

In  metallic  or  adamantine  bodies,  which  polarize  light  but  imperfectly,  that  angle  at  which  the  reflected  beam 
approaches  nearer  in  its  character  to  those  described  as  of  polarized  lightj  is  to  be  taken  for  the  angle  of  pola- 
rization, and  from  it  the  refractive  power  may  still  be  found.  The  results  deduced  by  this  means  for  roclallic 
bodies,  agree  with  those  obtained  from  the  quantity  of  light  reflected,  in  assigning  very  high  refractive  powers  to 
them.  Thus,  fur  steel  the  polarizing  angle  is  found  to  be  above  71°,  and  for  mercury  76^^  and  their  indices  of 
refraction  are,  therefore^  respectively  2,85  and  4,16,  This  latter  resuFt,  indeed,  differs  greatly  from  that  of  Art. 
594,  but  the  observations  are  so  uncertain,  and  tlie  angle  of  greatest  polarization  so  indefinitely  marked,  (not 
to  mention  the  errors  to  which  a  determination  of  the  reflective  power  itself  is  liable  to,)  that  wc  canaot 
expect  coincidence  in  such  determinations.  Perhaps  5,0  may  be  taken  as  a  probable  index. 
jq45.  The  law  of  polarization  announced  by  Dr.  Brewster  is  general,  and  applies  as  well  to  the  polarization  of  light 

at  the  separating  surfaces  of  two  media  in  contact,  as  at  the  external  or  internal  surface  of  one  and  the  same 
medium.  He  has  attempted  to  deduce  from  it  several  theoretical  conclusions,  as  to  the  extent  and  mode  of 
action  of  the  reflecting  and  retracting  forces,  for  which  we  must  refer  the  reader  to  his  Paper  on  the  subjfd 
Philosophical  TransacHoas,  1S16 


845. 

Act  i '-HI  of 

mcUllic 

surfaces. 
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If  a  ray  be  reflected  at  an  anc^le  ^eater  or  less  than  the  polarizing  angfle»  it  is  partiaUy  polarized^  that  is  to    Put  IV. 
say,  when  received  at  the  polarizing  angle  on  another  reflecting  surface,  which  is  made  to  revolve  round  the  v«^v^^ 
reflected  ray  without  altering  its  inclination  to  it,  the  twice  reflected  ray  never  vanishes  entirely,  but  undergoes      847. 
altemations  of  brightness,  and  passes  through  states  of  maxima  and  minima  which  are  more  distinctly  marked  PtrUftlpoU* 
•eeording  as  the  angle  of  the  first  reflexion  approaches  more  nearly  to  that  of  complete  polarization.    The  same  "''^^^* 
is  observed  when  a  ray  so  partially  polarized  is  received  on  a  tourmaline  plate,  revolving  (as  above  described) 
in  its  own  plane.    It  never  undergoes  complete  extinction,  but  the  transmitted  portion  passes  through  alternate 
maxima  and  minima  of  intensity,  and  the  approach  to  complete  extinction  is  the  nearer  the  nearer  the  angle  of 
reflexion  has  been  to  the  polarizing  angle.    We  may  conceive  a  partially  polarized  ray  to  consist  of  two'unequally  How 
intense  portions ;  one  completely  polarized,  the  other  not  at  all.  It  is  evident  that  the  former,  periodically  passing  conceived. 
from  evanescence  to  its  total  brightness,  during  the  rotation  of  the  tourmaline  or  reflector,  while  the  latter  remains 
constant  in  all  positions,  will  g^ve  rise  to  the  phenomenon  in  question.     And  all  the  other  characters  of  a  par- 
UaOy  polarized  rcey  agreeing  with  this  explanation,  we  may  receive  it  as  a  principle,  that  when  a  surface  does  not 
completely  polarize  a  ray,  its  action  is  such  as  to  leave  a  certain  portion  completely  unchanged,  and  to  impress 
on  the  remaining  portion  the  character  of  complete  polarization.     Thus  we  must  conceive  polarization  as  a 
property  or  character  not  susceptible  of  degree^  not  capable  of  existing  sometimes  in  a  more,  sometimes  in  a  less, 
intense  state.     A  single  elementary  ray  is  either  wholly  polarized  or  not  at  all.     A  beam  composed  of  many 
coincident  rays  may  be  partially  polarized,  inasmuch  as  tome  of  its  component  rays  only  may  be  polarized,  and 
the  rest  not  so.     This  distinction  once  understood,  however,  we  shall  continue  to  speak  of  a  ray  as  wholly  or 
partially  polarized,  in  conformity  with  common  language.     We  shall  presently,  however,  obtain  clearer  notions 
on  the  subject  of  unpolarized  light,  and  see  reason  for  discarding  the  term  altogether. 

If  a  ray  be  partially  polarized  by  reflexion.  Dr.  Brewster  has  stated  that  a  second  reflexion  in  the  same  plane      848. 
renders  this  polarization  more  complete,  or  diminishes  the  ratio  of  the  unpolarized  to  the  polarized  light  in  the  Polariution 
reflected  beam  ;  and  that  by  repeating  the  reflexion,  the  ray  may  be  completely  polarized,  although  none  of  the  ^^^'^T''^^ 
angles  of  reflexion  be  the  polarizing  angle.    Thus  he  found,  that  one  reflexion  from  glass  at  B6°  45'  of  incidence,  ona'oUne  "* 
two  at  incidences  of  62°  30'  or  at  50°  20^,  three  at  65°  33'  or  at  46°  30^,  four  at  67°  33'  or  43°  51',  and  so  on,       ^ 
alike  sufficed  to  operate  the  complete  polarization  of  the  ray  finally  reflected,  provided  all  the  reflexions  were 
made  in  one  plane.     At  angles  above  82°,  or  below  18°,  more  than  100  reflexions  were  required  to  produce 
eomplete  polarization. 

§  rV.    OfthtLamof  Refiexion  of  Polarized  Light. 

When  polarized  light  is  reflected  at  any  surface,  transparent  or  otherwise,  the  direction  of  the  reflected  portion      849. 
is  precisely  the  same  as  in  the  case  of  natural  light,  the  angle  of  reflexion  being  equal  to  that  of  incidence ;  the 
laws  we  are  now  to  consider  are  those  of  the  intensity  of  the  reflected  light,  and  of  the  nature  of  its  polarization 
■fter  reflexion. 

One  essential  character  of  a  polarized  ray  is,  its  insusceptibility  of  reflexion  in  a  plane  at  right  angles  to  that      850. 
of  its  polarization  when  incident  at  a  particular  angle,  viz.  the  polarizing  angle  of  the  reflecting  surface.     In  ln^n«i5y  of 
tins  case,  the  intensity  I  of  the  reflected  ray  is  0.     In  all  other  cases  it  has  a  certain  value,  which  we  are  now  to  ^r^^ 
inquire.     Let  us  suppose,  then,  to  begin  with  the  simplest  case,  that  the  polarized  ray  fails  on  the  reflecting  p^Jliictdent 
tsaAce  at  a  constant  angle  of  incidence,  equal  to  its  polarizing  angle,  and  that  the  reflecting  surface  is  turned  at  the  pda- 
round  the  incident  ray  as  an  axis,  so  that  the  plane  of  incidence  shall  make  an  angle  (=  a)  of  any  variable  mag-  rizing  angle 
nitiide  with  the  plane  of  polarization.     It  is  then  observed,  as  we  have  seen,  that  when  a  =  90°  or  270°,  we  have  »Q  "7  P»"«- 
I  =s  0,  and  when  a  =:  0°,  or  180°,  I  is  a  maximum.     Hence,  it  is  clear  that  I  is  a  periodic  fiinction  of  o,  and  the 
Amplest  form  which  can  be  assigned  to  it  (since  negative  values  are  inadmissible)  is  I  =  A  .  (cos  a)*.     This 
▼aloe,  which  was  adopted  by  Malus  on  no  other  grounds  than  those  we  have  stated,  is  however  found  to  represent 
the  variation  of  intensity  throughout  the  quadrant,  with  as  much  precision  as  the  nature  of  photometrical  experi- 
ments admits,  and  we  must  therefore  receive  it  as  an  empirical  law  at  present,  for  which  any  good  theory  of 
polarization  ought  to  be  capable  of  assigning  a  reason  a  priori.  ^. . 

A  remarkable  consequence  follows  from  this  law.    It  is  that,  so  for  as  the  intensity  of  the  reflected  ray  is  ^^  ^  \^^ 
eonoemed,  an  ordinary  or  unpolarized  ray  may  be  regarded  as  composed  of  two  polarized  rays,  of  equal  ^-^^^ 
intensity,  having  their  planes  of  polarization  at  right  angles  to  each  other.     For  such  a  compound  ray  being  equivalent 
inddent  on  a  reflecting  surface,  as  above  supposed,  if  a  be  the  inclination  of  the  plane  of  polarization  of  one  to  two  pola^ 
portion  to  that  of  incidence,  90  —  a  will  be  that  of  the  other,  and,  therefore,  dince  ^^^  ^^ 

A  .  (cosa)«+  A.  (cos  .  90  -  a)«  =  A,  (a) 

the  reflected  ray  will  be  independent  of  a,  and  therefore  no  variation  of  intensity  will  be  perceived  on  turning 
the  reflecting  surface  round  the  incident  ray  as  an  axis,  which  is  the  distinguishing  character  of  unpolarized  light. 
An^  fMo4  pair  of  rays  as  here  described  are  said  to  be  oppositely  polarized. 

When  the  polarized  ray  is  not  incident  at  the  polarizing  angle,  but  at  any  angle  of  incidence,  the  law  of      852. 
iBlcnsitj  of  the  reflected  ray  is  more  complicated.     M.  Fresnel  has  stated  the  following  as  the  general  expression  ?TtmV% 
Ar  It.   Liei  the  intensity  of  the  incident  ray  be  represented  by  unity,  and  calling,  as  before,  a  the  inclination  of  the  ^•^  ^^ 
plane  of  incidence  to  that  of  primitive  polarization,  and  t  Uie  angle  of  incidence,  t  the  corresponding  angle  of  i^i^g^iy  ^ 
refimclion.     Then  will  the  intensity  of  the  reflected  ray  be  represented  by  a  reSectcd 
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sin"  (i  +  r)  tan*  (t  + 1 ; 


This  formula  is  in  some  degfree  empirical,  resulting  partly  from  theoretical  riews,  of  which  more  i 
being  not  yet  verified,  or  indeed  compared  with  experiment,  except  in  particular  cases,  by  M.  Arago^ 
results,  so  far  as  they  go,  are  consonant  with  it. 
853.  It  ^iii  be  well  to  examine  some  of  these.     And  first,  then,  when  a  =  90%  and  i  ss  the  polariziii|p  BUfle  of  lb 

^l^r^^^    reflecting  surface,  we  have  by  (835  and  836)  i  +  i'  =  90%  and  therefore  Un  (t  +  O  ==  ».  "O  that  I  =  0.    Jh 
examined.    ^^^  circumstances,  then,  the  reflected  ray  is  completely  extinguished,  which  agrees  with  fact 

954^  2dly.     When  the  incidence  is  perpendicular,  we  have,  in  this  case,  both  i  and  t'  vanishing,  and  each  lem  of  I 

lar  mci-     *  takes  the  form  — .     Now  at  the  limit  we  have  0*  being  the  refractive  index)  t  =  /i .  T,  and  very  small  arcs  betn; 

equal  to  their  sines  or  tangents,  we  have  sm  (i  —  i')  =  i*  (^  —  1) ;  sin  (i  -f- 1')  =  i'  (^  +  1),  and  so  for  the 
tangrents.     Consequently, 


dence. 


=c-^)'<">'«+-'»-)=c-^;)*. 


w 


which  agrees  with  the  expression  deduced  by  Dr.  Young  and  M.  Poisson,  (Art.  592,)  for  the  intensity  of  (he 
reflected  ray  in  the  case  of  unpolarized  light.  And  if  we  regard  the  unpolarized  ray  as  composed  of  two  nyi^ 
each  of  the  same  intensity,  (=  i)  polarized  in  opposite  planes,  the  reason  of  the  coincidence  will  be  evidatt. 

855.  3d.     When  a  :=  0,  or  the  plane  of  polarization  coincides  with  the  plane  of  incidence,  we  have,  in  | 

856.  4th.     When  a  ss  90°,  or  when  the  plane  of  polarization  is  at  right  angles  to  the  plane  of  incidence, 

tan'(i-»0 

tan'Ci  +  f)  ^^ 

857.  5th.     When  a  =  45, 
Jaieusity  of  fsin^  (i  —  i')         tan«  (i  -  Ol 
reflexioa  of                                                              I  =  J  -J    .   _   .,.    ,    ...    +  - — ^  . .    ,    .,.  r  • 
n*iural  light  ^sin«  (i  + 1')         tan^  (^  +  O  J 

This  last  is  the  same  result  with  that  which  would  result  from  the  supposition  of  two  equal  rays  polarized, 
the  one  in,  the  other  perpendicularly  to^  the  plane  of  incidence,  and  each  of  half  the  intensity  with  the  incidott 
beam.  It  is  therefore  the  general  expression  for  the  intensity  of  a  ray  of  natural  or  unpolarized  light  reflected 
at  an  incidence  =  i  from  the  surface.  The  expressions  in  Art.  592  apply  only  to  perpendicular  incidences.  We 
are  thus  furnished  very  unexpectedly  with  a  solution  of  one  of  the  most  diflicult  and  delicate  problems  of  experi- 
mental Optics.  Bouguer  is  the  only  one  who  has  made  any  extensive  series  of  photometrical  experimots 
on  the  intensity  of  light  reflected  from  polished  surfaces  at  various  angles,  but  his  results  are  d^ared  bj 
M.  Arago  to  be  very  erroneous,  which  is  not  surprising,  as  the  polarization  of  light  was  unknown  to  him,  andib 
la^s  mi^j^ht  aflect  the  circumstances  of  his  experiments  in  a  variety  of  ways. 

858.  One  only  need  be  mentioned,  as  every  optical  experimentalist  ought  to  be  aware  of,  and  on  his  gnard  against 
Polarisation  it,  it  is  that  the  light  of  clear,  blue  sky,  is  always  partially  polarized  in  a  plane  passing  through  the  sun,  and  the 
of  Uie  M^ht  part  from  which  the  light  is  received.     The  polarization  is  most  complete  in  a  small  circle,  having  the  simftr 
u  the  iky.   j^g  p^i^^  ^^^  ^^  radius  about  78^  (according  to   an  experiment  not  very  carefiilly  made.)     Now  the  semi- 
supplement  of  this  (which  is  the  polarizing  angle)  is  51°,  which  coincides  nearly  with  the  polarizing  angle  of 
water,  (52°  45'.)     Thus  strongly  corroborating  Newton's  theory  of  the  blue  colour  of  the  sky,  which  he  conceivef 
to  be  the  blue  of  the  first  order,  reflected  from  particles  of  water  suspended  in  the  air.     Dr.  Brewster  is  tbeOnt, 
we  believe,  who  noticed  this  curious  fact.    But  to  return  to  our  subject. 

859.  When  the  incident  ray  is  only  partially  polarized,  we  may  regard  it  as  consisting  of  two  portions  :  the  one, 
Cise  of  a  which  we  shall  represent  by  a,  completely  polarized  in  a  plane,  making  the  angle  a  with  that  of  incidence ;  the 
ray  partially  ^      ,  /^   _  a\ 

poiariiPil.     Other  =  1  —  a  in  its  natural  state,  or,  if  we  please,  composed  of  two  portions!  — - —  j,  one  polarized  in  tke 

plane  of  incidence,  and  one  at  right  angles  to  it.     The  intensity  of  the  reflected  portion  of  the  former  is  equal  to 

sin*(i  -  i')        .       ,         ian^U  -  i')       . 
sin*(i  +  i)  tan*  (i  +  t') 

and  that  of  the  latter  will  be  represented  by 

1  -  a  C  sin*  (^  -  Q         tan'  {i  -  t')  "^ 
2      1  siu*  ^i  +  i!)        tan*  (i  -f  %')  J 
therefore,  their  sum,  or  the  total  reflected  light,  will  be 

sin*  (/  —  /Q       1  +  g .  cos  2  g        tan*  (i  —  T)      1  -  a  .  cos  2  a 
sin*  (i  +  i)    '  2  ''  tan*  (i  -f  i')  '  2  * 

The  above  formulae,  it  must  be  observed,  apply  only  to  the  case  of  reflexion  from  the  surfaces  of  nnerystaOiw^ 
media.  The  consideration  of  those  where  crystallized  surfaces  are  concerned,  cannot  be  introduced  in  this  pert 
of  the  subject. 
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plates  could  ever  complddy  polarize  the  whole  transmitted  beam. 

On  the  other  hand,  if  the  unpolarized  portion  6  of  the  transmitted  beam  a  +  6  be  more  disposed  than  before. 

Dr.  Brew-    as  Dr.  Brewster  conceives,  to  subsequent  polarization,  the  progression  above  stated,  inst^td  of  eonveigiag 

ster'i  theory  according  to  the  law  of  a  geometric  progression,  will  converge  more  rapidly,  or  may  even  suddenly  termioale 

poltmatio^!  ^^^^^  certain  physical  conditions.     Now,  Dr.  Brewster  states  it  as  a  general  law,  deduced  from  his  own  experi- 

Brewster's    ments,  that  If  a  peneil  of  light  be  incident  on  a  number  of  uncrydallized  plates,  inclined  at  the  9ame  or  dSf^nd 

general  law.  angles,  but  aU  their  surfaces  being  perpendicular  to  the  plane  of  the  first  incidence,  the  total  potaritatUm  cfUd 

transmitted  pencil  w'lU  commence  when  the  sum  of  the  tangents  of  the  angles  of  incidence  on  each  piaie  tt  ejMd 

to  a  certain  *'  constant  quantity  due  to  the  refractive  power  of  the  plates,  and  Uu  intensity  of  the  incident  pemA^ 

This  last  phrase,  which  makes  the  number  and  position  of  the  plates  necessary  to  operate  total  polarizaliQS, 

depend  on  the  intensity  of  the  incident  light,  shows  evidently  that  the  total  polarization  here  understood.  Is  loc 

mathematically,  but  only  approximatively  total.     In  fact,  he  states,  this  constant  quantity  for  crown  glass  platOb 

and  for  thefiame  of  a  wax  candle  at  10  feet  distance,  to  be  equal  to  the  number  41.84.     In  other  woida^  the 

remainder  of  unpolarized  light  for  this  intensity  of  illumination,  becomes  insensible.     Considered  in  this  ligfti, 

we  regard  Dr.  Brewster  s  experiments  as  by  no  means  incompatible  with  the  law  of  decrease  indicated  hj  tlie 

geometric  progression  above-mentioned,  and  the  contrary  sense  which  has  been  put  upon  this  expression  by 

M.  Arago,  or  his  commentator,  (Encyclop,  Brit.  Supp,,  vol.  vi.  part  2,  Polarization  of  Light,)  appears  to  us 

strained  beyond  what  strict  criticism  authorizes. 

Conceiving,  then,  as  we  do,  that  no  decided  incompatibility  in  matter  of  fact  exists  between  the  statements  of 
these  distinguished  philosophers,  we  cannot  but  regard  as  most  simple,  that  doctrine  which  recognises  no  diange 
of  physical  character  in  the  unpolarized  portion  of  either  the  transmitted  or  reflected  beam.  (See  Art.  848.) 

In  what  has  been  above  said  of  the  polarization  of  the  transmitted  ray,  we  have  not  taken  into  consldentios 
that  part  of  the  liglit  reflected  at  each  surface  which  is  reflected  back  again,  and  traversing  (partially  at  least)  all 
the  plates,  mixes  with  the  transmitted  beam,  and,  being  in  an  opposite  plane,  destroys  a  part  of  its  polarization. 

If  a  pile  of  parallel  glass  plates  be  exposed  to  a  polarized  ray,  so  that  the  angle  of  incidence  be  equal  to  the 
polarizing  angle,  and  then  turned  round  the  ray  as  an  axis  preserviug  the  same  inclination,  the  following  phcno- 
PhenwBiena  n^ena  take  place  : 
of  piles  of 
platet  ex- 
posed to 
iiolarized 
light. 
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I.  When  the  plane  of  incidence  is  at  right  angles  to  that  of  the  ra)'s  polarization,  the  whole  of  the 
light  is  transmitted,  (except  what  is  destroyed  by  absorption  within  the  substance  of  the  glass,  or  lost  by  irregolir 
reflexion  from  the  inequalities  in  the  surface  arising  from  defective  polish,)  and  this  holds  good  whatever  be  (be 
number  of  the  plates.     The  polarization  of  the  transmitted  ray  is  unaltered. 

!2.  As  the  pile  revolves  round  the  incident  ray  as  an  axis,  a  portion  of  the  light  is  reflected,  and  this  increaHi 
till  the  plane  of  incidence  is  coincident  with  the  plane  of  primitive  polarization,  when  the  reflected  light  b  i 
maximum.  Now,  M.  Arago  assures  us,  that  the  quantity  of  polarized  light  reflected  from  each  plate  is  greater  in 
proportion  to  the  intensity  of  the  incident  beam  than  if  natural  light  had  been  employed ;  and  the  same  pio> 
portion  holding  good  at  each  plate,  the  transmitted  ray,  however  intense  it  may  have  been  at  first,  will  bs 
weakened  in  geometrical  progression  with  the  number  of  plates,  and  at  length  will  become  insensible;  so  that 
in  this  situation  the  pile  will  present  the  phenomenon  of  an  opaque  body.  In  this  reasoning,  the  light  reflected 
backwards  and  forwards  between  the  plates  is  neglected ;  but  as  it  is  all  polarized  in  the  same  plane,  and  as  in 
this  situation  the  reflexions,  however  frequent,  produce  no  change  in  its  plane  of  polarization,  all  the  reflected 
rays  are  in  the  same  predicament ;  and,  supposing  the  number  of  plates  very  great,  the  total  extinction  of  the 
transmitted  light  will  ultimately  (though  less  rapidly)  take  place. 

Hence,  a  pile  of  a  great  number  of  glass  plates  inclined  at  an  angle  equal  to  the  complement  of  the  polarisof 
Phenomena  angle  (35°  i)  to  a  polarized  ray  ought  to  present  the  same  phenomenon  with  a  plate  of  tourmaline  cut  paraOd 
"fates^and  ^°  ^^^^  ^^^^  °^  ^^  primitive  rhomboid,  alternately  transmitting  and  extinguishing  the  whole  of  the  light  in  the 
of*touima-  '**"^^^ssive  quadrants  of  its  rotation,  and  being  thus  either  opaque  or  transparent,  according  to  its  position.  Hie 
analogy,  however,  cannot  fairly  be  pushed  farther,  so  as  to  deduce  from  this  principle  an  explanation  of  the  phe- 
noniena  of  the  tourmaline ;  for,  although  it  be  true  that  a  plate  of  tourmaline  so  cut,  is  composed  of  laminc 
inclined  to  its  surface,  these  laminae  are  in  optical  contact ;  and,  moreover,  their  position  with  respect  to  the 
surface  is  not  the  same  in  plates  cut  in  all  directions  around  the  axis,  because  although  an  infinite  number  of 
plates  may  be  cut  containing  the  axiR  of  a  rhomboid  in  their  planes,  only  three  can  have  the  same  relation  to  its 
several  faces,  parallel  to  which  the  component  laminae  must  be  supposed  to  lie.  Moreover,  the  phenomena  are 
not  produced,  unless  the  tourmaline  be  coloured.  The  analog)'  between  piles  of  glass  plates  and  laminae  of  agate 
(ot  wiiich  more  presently)  is  also,  we  are  inclined  to  think,  more  apparent  than  real. 

A  pile  of  plates  such  as  described  above  presents,  moreover,  the  same  difference  of  phenomena  when  exposed 
to  polarized  and  unpolarized  light,  that  a  plate  of  tourmaline  does ;  since  in  the  latter  case,  supposing  the  pile 
sufliciently  numerous,  one  half  the  incident  light  is  transmitted,  completely  polarized  in  a  plane  perpendicular  to 
that  of  incidence. 

The  laws  which  regulate  the  polarization  of  a  pencil  transmitted  by  a  transparent  surface,  inclined  at  any 
proposed  angle  to  the  incident  ray,  and  in  any  plane  to  that  of  its  primitive  polarization  (supposing  it  polariied) 
remain  open  to  experimental  investigation. 
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Part  IV^ 


§  VI,   Of  the  Polarisalion  of  Light  by  Double  Refraction^ 


When  a  my  of  natural  lig^ht  is  divided  into  I  wo  by  double  rerrnclion,  in  such  a  manner  that  the  two  pencils  at      873. 
their  Gnal  ernerffehce  remain  distinct  and  susceptible  of  sepurale  examinatirm,  they  are  both  found  compMdy  l-'s^ht  pk- 
polarizedy  in  diff'trmi  jj/a/ii-jf,  exactly,  or  nearly,  at  right  angles   to  each  other.     To  show   this,  take  a  pretty  "^•'jj^  ^1^ 
ihtck   rhomboid    td'   Iceland    spar»   and,    coveriiii^    one  side   of    it  with    a  blackened    card,  or   other    opaque  refraction 
lliin  substance,  havinir^  a  small  pinhole  through  it,  bold  it  aji^ninst  the  direct  \i^;]\i  of  a  window  or  a  candle,  with  oppLJsiidf 
the  Covered  surface  from  the  eye.     Two  imaijes  of  the  pinhole  will  then  be  seen  :  one»  undeviated  from  the  line  in  ihe  two 
joining  the  eye  aJifl  the  real  hole,  by  the  ordinanly  refracted  rays;   and  the  other,  devintin^  from  that  line,  iu  a  F""^^*^! 
plane  parallel  to  the  prncipal  section  of  the  siirfnce  of  incidence,  by  the  extraordinary.     These  images  will  ^^^^^^\ 
appear,  to  tlie  nalicd  eye,  of  ecjttal  hrightuess ;  but,  if  we  interpose  a  plate  of  tourmaline,  (a^  already  described,)  proof 
and  turn  the  latter  abfiut  iu  itj*  own  plane,  they  will  be  rendered  unequal,  and  will  appe  r  and  vani-ih  alternately  ihereof. 
at  every  quarter  revolution  of  the  tourmaline;  the  ordinary  iman^e  being  always  at  its  maximum  of  brightness, 
and  the  ejiraordifiary  one  extinct,  when  the  axis  of  the  tourmaline  plate  is  perpendicular  to  the  principal  section 
of  the  surface  of  incidence,  and  rice  verm  when  parallel  to  it. 

The  same  thing  happens,  when,  instead  of  examining  the  two  images  tlirough  a  tourmaline  plate,  we  receive      S74. 
their  light  on  a  gb'^s  plate  inclined  at  the  polarizing  angle  to  it,  and  turn  this  plate  round  the  ordinary  ray  Expciiment 
SB  an   axis.     The  images  will  appear  and  disappear  alternately,  as  the  reflector  performs  successive  quad  ran  tsr^antd. 
of  its  revolution. 

Hence,  we  see  that  the  two  pencils  are  rompktely  and  oppositely  polarized ;  the  ordiiiary  pencil  in  a  plane       875. 
pacing  through  the  axis  of  the  rhomboid  ;  the  extraordinary  one  in  a  plane  at  right  angles  to  it. 

The  same  phenomenon  is  much  better  seen  by  using  a  primi  of  any  double  refracting  crystal,  havirg  such  a      ^'^^^ 
refracting  angle  as  to  give  two  distinctly  separated  images  of  a  distant  object,  (as  a  candle,)     These  appear  and  f^     7ih 
disappear  alternately  at  quarter  revolutions  of  a  tourmaline  plate  or  glass  reflector,  and  are  of  equal  brightness  expcrimenu 
at  the  intermediate  half-quarters. 

Double  refraction,  then,  polarizes  the  two  refracted  pencils  oppositely,  into  which  an  unpolarized  incident  ray      877, 
is  separated.     Let  us  now  see  what  happens  to  a  polariztd  ray.     For  this  purpose  let  a  plate  of  glass  be  laid  TransinU- 
down   betore  an  open  wiudow.  so  as  to  polarize  the  reflected  light,  and  hold  the  rhomboid  of  Iceland  spar  *'"."  ?*^  . 
(covered  as  before)  with  the  covered  side  from  the  eye,  not  (as  in  the  former  experiment)  against  the  direct  Hghl,  ^^^^ 
but  inclined  downwards,  against  the  reflected  light  from  the  glass.     Then,  generally  speaking,  two  images  ofihroiigh 
the  pinhole  will  be  seen,  but  of  unequal  intensities;    and,  if  we  turn  round  the  rhomboid^  in  the  plane  of  the  doubly 
eovered  aide^  thcite  images  wiU  be  seen  lo  vary  perpeinaUy  in  their  rel alive  b right nesJi,  the  one  incrmW/i^  to  a  max*  refracting 
tmtiTn,  while  the  other  vanis/ies  cntirelytand  so  on  rectproctiUy.     When  the  principal  section  of  the  rhomboid  is  in  ^ ""  " 
the  plane  of  reflexion  (i.  e.  of  polarization)  of  the  incident  ray,  the  ordinary  imiige  i«  a  maximum  ;  the  extra- 
ordinary is  extinct,  and  r/re  verm  when  these  two  planes  make  a  right  angle.     The  experiment  may  be  advau- 
tag-eiMisly  \aried  by  using  a  doubly  refracting  prism  ;  and,  while  looking  through  it  at  the  polarized  image  of  a 
candle^  turning  it  round  slowly  in  the  plane  bisecting  its  refracting  angle. 

This  experiment  leads  u**  to  the  following  remarkable  law,  m.  that  if  a  ray,  at  its   incidence   on   a  doubly 
refractitig  surface,  be  polarized  in  the  plane  parallel  to  the  principal  section,  it  will  not  suffer  bifurcation,  bui  Unequal 
will  pass  wholly  into  the  ordinary  image  ;  if,  on  the  other  hand,  its  plane  of  primitive  polarization   be  P^cpen- ^Z^^!'*?  ^ 
Oicutar  lo  the  principal  section,  it  will  pass  entirely  into  the  extraordinary  image.     In  intermediate  positions   of  1,^^,^^^^ 
the  plane  of  primitive  polarization,  biturcation  takes  place,  and  the  ray  is  unequally  divided  between  the  two  the  two 
rciracted  pencils,  in  every  case  except  wlien  the  plane  of  primitive  polarization  makes  an  angie  of  45*^  with  the  refraitcd 
principal  section.     In  general,  if  a  \w  the  angle  last  mentioned,  and  A  the  incident  light,  (supposing  none  lost  P*^^"^'!* 
by  retiexion,)  A  ,  cos'  a  will  be  the  intensity  of  the  ordinary,  and  A  .  sin'  a  of  the  extraordinary  pencil,  their 
*um  being  A- 

All  these  changes  and  combinations  are  exhibited  in  the  following  remarkable  experiment  of  Huygetts,  which,      879, 
fcasoned  on  by  himself  and  Newton,  first  gave  rise  to  the  conception  of  a  polarity,  or  distinction  of  sides,  in  the  Huygeui'* 
t»ys  of  light  when  tnodified  by  cert4iin  processes.     Take  two  pretty  thick  rhomboids  of  Iceland  spar,  (which  *^^^*'''^**"^" 
should  be  very  transparent,  as  they  are  easily  procured,)  and  lay  them  down  one  upon  the  other,  so  as  to  have 
their  homologous  sides  parallel,  or  so  that  the  molecules  of  each  shall  have  the  sume  relations  of  situation  as  if 
^etwo  rhomboids  were  contiguous  parts  of  one  larger  crystal.     They  should  be  laid  on  a  sheet  of  white  paper 
Witrg  a  small,  very  distinct,  and  welUdeflned  black  spot  on  it.     This  spot  then  will  lie  seen  double  through  the 
*^'ftt»ined  crystals,  as  if  they  were  one,  (a,  fig.  173,)  and  the  line  joining   the  images  will   be  parallel    to  the  Fig,  137. 
Pf/Acipal  section  of  either.     Now,  let  the  upper  crystal  be  turned  slowly  round  in  a  horizontal   plane  on  the 
!^^^r^  and  two  new  images  will  make  their  appearance  between  the  two  first  seen,  which,  at  first,  are  very  faint, 
/>,  fig*  173,  and  form  a  very  elongated  rhombus  with  the  two  former.     They  increase,  however,  in  intensity, 
I  ^  the  other  pair  diminishes,  till  the  angle  of  rotation  of  the  upper  crystal  is  45'^  where  fJie  appearance  of  the 
"Jio.^^^  is  as  at  c.     Continuing  the  rotation,  the  rhomb  approaches  to  a  square,  as  at  rf,  and  the  two  original  images 
^  become  extremely  faint ;  and  when  the  rotation  is  just  90"^,  they  will  have  disappeared  altogether,  leaving 
Slithers  diagonally  placed,  as  at  f.     As  the  rotation  still  proceeds,  they  reappear  and  increase  in  brighmess,  till 
thfe    »nglc  of  revolution  =  90^  -|-  45°  =  135"^,  when  the  images  are  all  equal,  as  at  /;  after  which  the  original 
^'^^^s  still  increasing,  and  the  others  diminishing,  the  appearance  g  is  produced,  which,  on  the  completion  of 
*  \»recise  half  revolution,  passes  into  h  by  the  union  of  both  the  original  images  into  one,  and  the  total  evanes^ 
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In  this  case  only  single  refraction  (apparently)  happens ;  or,  rather,  the  double  refrie-  I 
Js  takini^  place  in  opposite  directions,  and  bein^  eqoal   in  amount,  compensate  eadk  Vg 


U|ht.      cence  of  the  other  pair. 
■^^^^^^  tions  of  the  two  rhomboids  i         .     . 

other.     Unless,  however,  tlie  rhomboids  be  of  exactly  equal  thickness,  this  precise  compensation  will  not  take 
place,  and  the  images  will  remain  distinct,  thong^h  at  a  minimum  of  distance.     We  may  express  the  four  i 
thus  : 

O  o,  the  imag^e  ordinarily  refracted  by  both  rhomboids. 

O  ft  the  imag^e  refractert  ordinarily  by  the  first,  and  extraordinarily  by  the  second. 
Eo,  the  image  refracted  extraordinarily  by  the  first,  and  ordinarily  by  the  second. 
E  e,  the  image  refracted  extraordinarily  by  hoth» 

Then,  if  A  be  the  intensity  of  the  incident  light,  supposing  none  lost  by  reflexion  or  absorption. 
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O  o  =  ^  A .  cos« 

and  the  sum  of  all  the  four  images  =  A. 

The  same  phenomena  (with  some  unimportant  varialtons)  take  place  when  we  apply  two  doubly  re 
prisms  one  behind  the  other  close  to  the  eye,  and  view  a  distant  ol>ject  through  them»  turning  one  round  i 
the  otlier.     The  rationale  of  these  phenomena  follows  so  evidently  from  the  laws  stated  in  Art*  87^  and  ^ 
that  it  will  not  be  necessary  to  enlarge  on  it. 

The  property  of  a  double  refraction,  in  virtue  of  which  a  polariKed  ray  is  unequally  divided  between  the  I 
images,  fiimishes  us  with  a  most  convenient  and  useftil  instrument  for  the  detection  of  polarization  in  a 
of  light,  and  for  a  variety  of  optical  experiments.  It  is  nothing  more  than  a  prism  of  a  doubly  refi 
medium  rendered  achromatic  !iy  one  of  glass,  or  still  belter,  by  another  prism  of  the  same  medium  prop 
disposed,  so  as  to  increase  the  separation  of  the  two  pencils.  The  former  method  is  simple ;  and,  when  lar^l 
refracting  angles  are  not  wonted,  the  uncorrected  colour  in  one  of  the  images  ts  so  small  as  not  to  be  tronbl»I 
some.  It  is  most  convenient  to  make  the  refracting  angle  such  as  to  produce  an  angular  separation  of  about  ^1 
between  the  images*  Thus,  in  fig.  174,  let  ABC  G  F  be  a  prism  of  Iceland  spar,  cut  in  such  a  manner  (a 
will  at  present  suppose)  that  the  refracting  edge  C  G  shall  contain  the  axis  of  the  crystal ;  and  let  it  be  achrtkl 
matijsed  as  much  as  possible  by  a  prism  of  glass  C  D  E  FG.  Then,  if  Q  be  a  small,  colourless,  himinous  eirchi 
of  about  a  degree  or  two  in  apparent  ifiumeter,  as  seen  by  an  eye  at  O,  the  interposition  of  the  combined  prisnld 
will  divide  it  into  two,  Q  and  q.  Now,  if  the  light  of  Q  be  completely  unpolarized,  these  two  wnll  reroaill 
exactly  of  equiil  intensity  while  the  prism  ABCG  is  turned  round  in  a  plane  at  right  angles  to  the  line  of  visioM 
But  if  any  polarity  exist  in  the  original  licchtr  the  two  images  Q,  7  will,  in  turning  round  the  prism,  appear  alt< 
nately  more  and  less  bright  one  than  I  he  other  ;  and  being  always  seen  immediately  side  by  side,  the 
inequality,  and  conscq^iently  the  least  admixture  of  polarized  light  in  the  incident  beam,  will  be  detected. 

Iceland  spar,  from  its  very  great  double  refraction,  is  commonly  used  for  these  prisms;  hut  it  is  so  soil,  i 
its  strncture  so  lamellar,  as  to  be  difficult  to  polish,  and  still  more  so  to  presence  polished.     We  have  found ( 
and  limpid  topaz  to  answer  extremely  well.     The  following  ingenious  mode  of  rendering  available  the  low  doa 
refiraction  of  the  former,  due  to  Dr.  Wolia^^ton,  is  here  eminentiy  useful.     Let  KEC  Dahed  and  E  FG  H**/ 
(fig.  175)  be  two  halves  of  a  hexagonal  prism  of  quartz  (the  form  it  alfects)  produced  by  a  section  parallel  to  tw 
the  sides.    In  the  vertical  face  AD  da  draw  any  line  L  K  parallel  to  the  sides,  and  therefore  to  the  axis  of  the  pris 
(which  is  also  that  of  double  refraction,)  and  join  C  U  ck.     Then  a  plane  CL  Arc  will  cut  off  a  prism  C  LKdcI 
having  L  A%  Drf.  or  C  c,  for  its  refmcting  edges,  eitfier  of  which  is  parallel  to  the  axis.     Again,  in  the  other) 
of  the  prism  join  E/and  H  g,  and  cut  the  prism  by  a  plane  passing  through  these  lines  ;  then,  regarding  eitl 
portion  as  a  double   refracting  prism,  having  for  refracting  edges  the  h'nes  E  H,  fg^  these  will  have  the  \ 
double  refnietion  perpendicular  to  their  refracting  edges  ;  and,  in  particular,  the  axis  will  lie  in  the  faces  HE^I 
or  FG  g/  at  right  angles  to  H  E  or   fg.     If,  then,  we  take  care  to  make  the  refracting  angle  C  L  D  of  tbt] 
prism  C  L  K  rf  c  D  equal  to  that  of  the  edge  H  E  of  the  prism  H  E  p  f^  h  ;  and  if  we  make  these  two 
act  in  opposition  to  each  other,  placing  the  eflge  II  E  opposite  toD^,  and  the  e^e  he  opposite  to  KL; 
having  thus  brought  the  two  surfaces  IMj  k d  i\m\  H  E  e/t  in  cnntact,  cement  them  together  with  mastic,  flfl 
Canada  balsam,  it  is  evident,  that  their  principal  sections  will  he  at  right  angles  to  each  other  ;    and  therefoi«| 
only  two  images  will  be  formed,  the  whole  of  the  extn^iordinary  ray  of  the  one  prism  passing  into  the  ordin 
image  of  the  other,  and  vice  wrsd.     Now,  to  see  how  this  acts  to  double  the  separation  of  the  images,  let( 
conceive  m  ?i  to  be  a  luminous  line  viewed  through  one  of  the  prisms  with  its  edge  downwards  and  horizant4i| 
It  will  be  separated  into  two  images,  e  and  o,  the  one  more  raised  than  the  other.     Suppose  the  ordinary  imaffil 
to  be  most  refracted.     Then,  if  we  interpose  the  olher  prism  with  its  edge  upwards,  both  these  images  wm I 
be  refracted  downwards  ;  but  the  ordinary  image  o,  which  was  before  mo.^t  raised,  now  undergoing  extraordiasfX 
refraction,  is  leaH  depressed^  and  comes  into  the  position  q  c,  while  the  extraordinary  one  e,  which  was  hthrt 
kafti  raked  is  now  mod  depresstd^  and  comes  into  the  situation  eo ;  and  it  is  evident  that  (the  refracting^  angle* 
being  equal,  and  the  double  refraction  of  the  two  prisms  the  same)  the  line  oe  will  fall  as  far  short  of  theori' 
ginal  line  m  w,  as  <f  o  surpasses  it,  viz.  by  a  quantity  equal  to  the  distance  between  the  two  first  images  0  and  t; 
so  that  the  distance  between  the  twice  refracted  images  is  double  that  of  those  which  have  undergone  only  oae 
refraction.     We  have  found  this  combination  extremely  advaatageous,  as  quartz  takes  a  very  perfect  polish,  J 
from  its  hardness  is  not  lialjle  to  injury  trom  scratches. 

Crystals  which  have  no  double  refraction  may  be  regarded  as  limits  of  those  which  have,  or  as  crystals  1 
which  the  two  rays  are  propagated  with  equal  velocity,  and  therefore  undergo  no  bifurcation  ;  or,  in  otheri 
in  which   the  images   formed   coincide.     In  this  case  we  should  expect  to  find  no  polarization  of  the 
lights  because  the  two  pencils^  being  polarized  at  right  angles  to  each  other,  form  together  a  single  ray 
the  characters  of  unpolarized  light.    This  is  verified  by  experiment.     The  light  transmitted  by  fluor  spi^ 
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[  instance,  exhibits  no  si^s  of  polarization,  unless  so  far  as  the  ordinary  action  of  the  surface  goes*     We  arc  aware    Part  IV. 

f  of  no  experiments  indieatin^  how  far  the  action  of  tlie  mtrfnceit  of  feebly  double  rerractrng  crystals  may  modify  s— ->^^^p. 
their  polarizing  forces,  or  rather  their  effects  on  a  ray  which  has  penetrated  below  the  surface ;    or.  in  other 
words^  how  far  piles  of  crystal!  i  zed  liimiucG  may  have  an  analog-ous  or  different  action  from  those  of  uncrystalhzed. 
Dr.  Brewster,  indeed,  found  piles  of  mica  films  to  polarize  light  by  IranBinission,  like  glass  piles,  but  the  subject 
is  open  to  further  inquiry. 

§  VII.   (Jf  the  Colours  exhibited  by  Crydaliized  Plates  what  exposed  to  Polarized  Li^ht,  and  of  the  Polarized 

Rings  which  sitrround  their  Optic  Axes. 


This  splendid  department  of  Optics  is  entirely  of  modem  and,  indeed,  of  recent  onp:in.    The  first  account  of  the 
colours  of  crystallized  plales  was  commuiiicaled  by  M.  Arago  to  the  French  Institute  in  181 1,  since  which  period, 
by  the  researches  of  himself.  Dr.  Brewsler,  M.  Biot,  M.  Fresnel,  and,  latterly,  also  ofM.Mitschedich,  and  others, 
it  has  acquired  a  developemenl  placing-  it  amoiif^  the  most  important  as  well  as  the  most  complete  and  systematic 
branches  of  optical  knowledg^e.     As  niig^ht  be  expected,  under  such  circumstances,  as  well  as  from  tl»e  state  of 
political  relations,  and  the  conseq\ient  limited  intercourse  between  Britain  and  the  Contiueul  at  the  period  men- 
iioned,  an   immense  variety  of  results  could  not  but  be  obtained   independently,  and  simultaneously,  or  nearly 
simultaneously,  on  both  sides  of  the  channel.     To  the  lover  of  knovvledg^e,  for  its  own  sake, — the  philosopher, 
'  in  the  strict  oriw^inal  sense  of  the  word, — this  oufj^ht  to  be  matter  of  pure  congratulation  ;  but  to  such  as  are 
I  fond  of  discussing"  rival  claims,  and  settling-  points  of  scientific  precedence,  such  a  rapid  succession  of  interesting 
discoveries  must,  of  course,  aiford  a  welcome  and  ample  supply  ot^  critical  points,  the  seeds  of  an  abundant 
harvest  of  dispute  and  recrimination,     Rej5-arding^,  as  we  do,  all  such  discussions,  when  carried  on  in  a  spirit  of 
'  rivalry  or  nationality,  as  utterly  dero^tory  to  the  interests  and  di^uty  of  science,  and  as  little  short,  indeed,  of 
I  sacrilegious  profanation  of  reg^ions  which  we  have   always  been   accustomed  to  regard  only  as  a  delightful  and 
I  honourable  refiig-e  from  the  miserable  turmoils  and  contentions  of  interested  life,  we  shall  avoid  taking  any  part 
i  In  them ;  and,  taking  up  the  subject  (to  the  best  of  our  abilities  and  knowled«:e)  as  it  is,  and  avoiding,  as  tar  as 
possible,  all  reference  to  misconceived  facts  and  over-hasty  generalizations,  which  in  this  as  in  all  other  depart- 
ments of  science,  have  not  failed   (like  mists  at  daybreak)   to  spread  a   temporary  obscurity  over   a   subject 
imperfectly  understood,  shall  make  it  our  aim  to  slate,  in  as  condensed  a  form  as  is  consistent  with  distinctness, 
such   general  facts  and   laws  as  seem  well  enough  established  to  nni  no  hazard  of  being  overset  by  further 
inquiry,   however   they   may  merge  hereafter  in  others  yet  more  general ; — a  consummation  devoutly  to  be 
wished. 

The  general  phenomenon  of  the  coloured  appearance?;  to  which  this  section  is  devoted,  may  be  most  readily 

wid  familiarly  shown  as  follows*     Place  a  polished  surface  of  considerable  extent  (such  as  a  smooth  mahogany 

table,  or,  what  is  much  better,  a  pile  of  ten   or  a  dozen  large  panes  of  glass  laid  horizontally)  close  to  a 

I  large  open  window,  Irom  which  a  ftdl  and  tmiiiterrupted  view  of  the  sky  is   obtained  ;  and  having  procured  a 

'  plate  of  mica,  of  moderate  thickness,  (about  a  thirtieth  of  an  incli,  such  as  may  easily  be  obtained,  being  sold 

I  in  considerable  quontity  for  the  manufacture  of  lanierns,)  Iiold  it  between  the  eye  and  the  table,  or  pile,  so  as 

to  receive  and  transmit  the  light  reflected  from  the  latter  as  nearly  as  may  be  judged  at  the  polarizing  angle. 

I  In  tills  situation  of  things,  nothing  remarkable  will  be  perceived,  however  the  plate  of  mica  be  inclined;   but  if 

instead  of  the  naked  eye  we  look  through  a  tourmaline  plate,  having  its  axis  vertical,  the  case  will  be  very  ditferent. 

When  the  mica  plate  is  away,  the  tourmaline  wull  destroy  the  reflected  beam,  and  the  surface  of  the  table,  or 

I  pile,  will  appear  dark  and  non-reflective  ;    at  least  in  one  point,  on  which  we  will  suppose   the  eye  to  be  kept 

steadfastly  fixed.     No  sooner  is  the  mica  interposed,  liowever,  than  the  reflective  power  of  the  surface  appears  to 

l>e  suddenly  restored  ;    and   on  inclining  the  mica   at  various   angles,  and  turning  it  about  in  its  own  plane, 

positions  will  readily  be  found  in  which  ii  becomes  illuminated   with    the  most  vivid  and  magnificent  colours, 

I  which  shift  their  tints  at  the  least  change  of  position  of  the  mica,  passing  rapidly  from  the  most  gorgeous  reds 

to  the  richest  greens,  blues,  and  purples.      If  the  mica  plate  be  held  perpendicular  to  the  reflected  beam,  and 

I  turned  about  in  its  own  plane,  two  positions  will  be  found  in  which  all  colour  and  light  disappears  ;    and  the 

II  reflected  ray  is  extinguished,  as  if  no  mica  was  interposed.  Now,  if  we  draw  on  the  plate  with  a  steel  point 
I  two  lines  corresponding  to  the  intersection  of  the  mica  with  a  vertical  plane  passing  through  tiie  eye  in  either 
I  of  these  two  positions,  we  shall  find  that  they  make  an  exact  right  angle.     For  the  moment,  let  us  call  these  lines 

I  A  and  B  ;  and  let  a  plane  drawn  through  the  line  A,  perpendicular  to  the  plate,  be  called  the  section  A  ;  and  one 

irimilarly  drawn  through  the  line  B,  the  section  B,     Then  we  shall  observe  further,  that  when  we  turn  the  plate 

Irom  either  of  these  positions,  45°  round,  in  its  own  plane,  so  that  the   sections  A   and    B  shaU   make   angles 

of  45    with  the  plane  of  reflexion,  («.  f,  of  polarization  of  the  incident  ray,)  the  transmitted  light  will   be  a 

im&ximum. 

I  If  the  thickness  of  the  mica  do  not  exceed  ^^jth  of  an  inch,  it  will  be  coloured  in  this  position;  if  materially 
[greater,  colourless  ;  and  if  less,  more  and  more  vividly  coloured,  and  with  tints  fallowing  closely  the  succession 
of  the  reflected  series  of  the  colours  of  thin  plates,  and,  like  them,  rising  in  the  scale,  or  approaching  the 
Icentral  tint  (black)  as  the  thickness  is  less.  The  analogy  in  this  respect,  in  short,  is  complete,  with  the  excep- 
ftioti  of  tlie  enormous  difFerence  of  thickness  between  the  mica  plate  producing  the  tints  in  question,  and  those 
iTcquired  to  produce  tlie  Newtonian  rings.  It  appears  by  measures  made  in  the  manner  hereafter  to  be  described, 
Jthat  the  tint  exhibited  by  a  plate  of  mica  exposed  perpendicularly  to  the  reflected  ray,  as  above  described,  is 
nihe  same  with  that  reflected  bv  a  plate  of  air  of  -jj^th  part  of  the  thickness  of  the  mica  employed. 
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I^ght         If  the  mica  (still  exposed  perpendicularly  to  the  ray)  be  turned  round  in  its  own  plane,  the  tint  does  not 
^^^"v^^  change,  hut  only  diminishes  in  intensity  as  its  section  A  or  B  approaches  the  plane  of  polarization  of  the  inci-  ^ 

887.      dent  light.     When,  however,  the  plate  is  not  exposed  perpendicularly,  Uiis  invariability  no  longer  obtains  ;  and 

h^ted  '^*^h   ^^  change  of  tint  appear  in  the  last  degree  capricious  and  irreducible  to  regular  laws.     In  two  sitoatioos. 

two  sectioos  bo^^^^r,  the  phenomena  admit  a  simple  view.     These  are  when  the  sections  A  and  B  are  both  45^  from  the 

above  plane  of  polarization,  and  the  mica  plate  is  inclined  backwards  and  forwards  in  ike  plane  of  one  or  the  other  of 

Ttieotioned.  these  sections.     This  condition  is  easily  attained  by  first  holding  the  plate  perpendicularly  to  the  reflected  ray  ; 

then  turning  it  in  its  own  plane  till  the  lines  A,  B  are  each  45^  inclined  to  the  vertical  plane,  then  finally  caunnn^ 

it  to  revolve  about  either  of  these  lines  as  an  axis.     It  will  then  be  seen  that  when  made  to  revolve  round  one  of 

them  (as  A)  or  in  the  plane  of  the  section  B,  the  tint,  if  white,  will  continue  white  at  all  angles  of  inclinatioa  ; 

but  if  coloured,  will  descend  in  the  scale  of  the  coloured  rings,  growing  continually  less  highly  coloured,  till  it  passes* 

after  more  or  fewer  alternations,  into  white ;  after  which,  fiulher  inclination  of  the  plate  will  produce  no  change. 

On  the  other  hand,  if  made  to  revolve  round  B,  or  in  the  plane  q/*  A,  the  tints  will  riic  in  the  scale  of  the  rings; 

and  when  the  mica  plate  is  inclined  either  way,  so  as  to  make  the  angle  of  incidence  about  35^  3^  will  have 

attained  its  maximum,  corresponding  to  the  black  spot  in  the  centre  of  Newton's  rings.     In  this  position  of  the 

plate,  the  reflected  beam  is  totally  extinguished  by  the  tourmaline,  as  if  the  sections  A  or  B  had  been  yietttmL 

But  if  the  angle  of  incidence  be  still  further  increased  the  colours  reappear,  and  descend  again  in  the  scale  of 

the  rings,  passing  through  their  whole  series  to  final  whiteness.     We  take  no  notice  here  of  a  slight  deviation  firom 

the  strict  succession  of  the  Newtonian  colours,  which  is  observed  in  the  higher  orders  of  the  tints,  as  we  shnll 

have  more  to  say  respecting  it  hereafter. 

We  see,  then,  that  the  sections  A  and  B,  though  agreeing  in  their  characters  in  the  case  of  a  perpendicoler 
exposure  of  the  mica,  yet  difier  entirely  in  the  phenomena  they  exhibit  at  oblique  incidences.  If  the  inctdenes 
take  place  in  the  plane  of  the  section  B,  the  tint  descends,  on  both  sides  of  the  perpendicular,  ad  ir^finiium. 
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either  side  of  the  perpendicular  (35^  3')^  and  then  descends  again  ad  infinitum^  or  to  the  composite  white  at  the 
other  extreme  of  the  scale. 

The  section  A,  then,  (which,  for  this  reason,  we  will  call  the  principal  section  of  the  mica  plate,)  is  diaracte- 
rised  by  containing  two  remarkable  lines  inclined  at  equal  angles  to  the  surface  of  the  plate,  along  either  of 
which,  if  a  polarized  ray  be  incident,  its  polarization  will  not  be  disturbed  by  the  action  of  the  plate.  To  sstiify 
ourselves  of  this,  we  have  only  to  fix  the  mica  to  the  extremity  <^  a  tube,  so  as  to  have  the  axis  of  the  tube 
inclined  at  an  angle  of  35^  3'  to  the  perpendicular  (or  54^  57'  to  the  plate)  in  the  plane  of  the  section  A ;  thca 
directing  the  axis  of  the  tube  to  the  centre  of  the  dark  spot,  or  the  reflecting  surface,  it  will  be  seen  to  contuuM 
ThaMcteil'  ^^^*  ^^^  remain  so  while  the  tube  makes  a  complete  revolution  on  its  axis.  Now,  this  could  not  be  if  the 
.  aMc  n.  ^.^^  exercised  any  disturbing  power  on  the  plane  of  polarization.  Hence,  we  conclude,  that  the  two  lines  ai 
question  possess  this  remarkable  property,  viz.  that  whatever  be  the  plane  of  polarization  of  a  ray  inddaU  akmg 
either  of  them,  it  remains  unaltered  after  transmission.  For,  although  in  the  experiment  above  described,  Ihs 
plane  of  polarization  remained  fixed,  and  that  of  incidence  was  made  to  revolve,  it  is  obvious  that  the  revctss 
process  would  come  to  the  very  same  thing. 

Now,  this  character  belongs  to  no  other  lines,  however  chosen,  with  respect  to  the  plate.  If  we  fix  the  plsle 
on  tlie  end  of  the  tube  at  any  other  angle,  or  in  any  other  plane  with  respect  to  the  axis  of  the  latter,  slthoogh 
ttDo  positions  in  the  rotation  of  the  tube  will  always  be  found  where  the  disappearance  of  the  transmitted  isy 
takes  place,  in  no  other  case  but  that  of  the  two  lines  in  question  will  this  disappearance  be  total,  or  nearly  sc^ 
in  all  points  of  its  revolution. 

The  refracting  index  of  mica  being  1.500,  an  angle  of  incidence  of  35®  3'  corresponds  to  one  of  refiractioii  =s 
22^  31'.  Hence,  the  position  of  the  lines  within  the  mica  corresponding  to  these  external  lines  is  22j^®  inclined 
to  the  perpendicular,  and  the  angle  included  between  them  45  .  These,  then,  are  ajtes  within  the  crystsl, 
bearing  a  determinate  relation  to  its  molecules.  Dr.  Brewster  has  termed  them  axes  of  no  polarization,  a  long 
name.  M.  Fresnel,  and  others,  have  used  the  phrase  optic  axes,  to  which  we  shall  adhere.  As  this  term  has 
before  been  rpplicd  to  the  "  axes  of  no  double  refraction,"  we  must  anticipate  so  far  as  to  advertise  the  reader 
that  these,  and  the  *'  axes  of  no  polarization,"  are  in  all  cases  identical.  ... 

Having,  by  the  criteria  above  described,  determined  the  principal  section,  and  ascertained  the  situation  of  " 
the  optic  axes  of  the  mica  plate  under  examination,  let  the  plate  be  inclined  to  the  polarized  beam,  so  thai  Ibe  ^ 
latter  shall  be  transmitted  along  the  optic  axes,  the  principal  section  A  making  an  angle  of  45®  with  the  plane  of  "" 
polarization ;  and  let  the  eye  (still  armed  with  the  tourmaline  plate,  with  its  axis  vertical)  be  applied  close  to 
(Ten'erJ  de-  the  mica.     A  splendid  phenomenon  will  then  be  seen.     The  black  point  corresponding  to  the  direction  of  the 
Rcription  of  optic  axis  will  be  seen  to  be  surrounded  with  a  set  of  broad,  vivid,  coloured  rings,  of  an  elliptic,  or,  at  least,  oval 
cheir  pheno-  fonn,  divided  into  two  unequal  portions  by  a  black  band  somewhat  curved,  as  represented  in  fig.  176.    This — 
?*°*l7r.      ^*°^  passes  through  the  pole,  or  angular  situation  of  the  optic  axis,  about  which  the  rings  are  formed  as  a^ 
centre.     Its  convexity  is  turned  towards  the  direction  of  the  other  axis,  and  on  that  side  the  rings  are  also* 
broader.     If,  now,  the  other  axis  be  brought  into  a  similar  position,  a  phenomenon  exactly  similar  will  be^ 
seen  surrounding  its  place,  as  a  pole.     If  the  mica  plate  be  very  thick,  these  two  systems  of  rings  appear  whoDjf 
detached  from,  and  independent  of,  each  other,  and  the  rings  themselves  are  narrow  and  close  ;  but  if  thin  (as  a 
30th  or  40tli  of  an  inch)  the  individual  rings  are  much  broader,  and  especially  so  in  the  interval  between  the 
poles,  so  as  to  unite  and  run  together,  losing  altogether  their  elliptic  appearance,  and  dilating  towards  the  middle 
(or  in  the  direction  of  a  perpendicular  to  the  plate)  into  a  broad  coloured  space,  beyond  which  the  rings  are  no 
hunger  formed  about  each  pole  separately,  but  assume  the  form  of  reentering  curves,  embracing  and  including 
both  poles.     Their  nature  will  presently  be  stated  more  at  large. 
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If,  prebenring  the  saine  inclination  of  the  mica  plate  to  the  visual  ray,  it  be  turned  about  it  as  an  axis,  the  Part  IV. 
-^  black  band  passing  through  the  pole  will  shift  its  place,  and  revolye  as  it  were  on  the  pole  as  a  centre  with  double  v«.>-v^.^ 
Uie  angular  velocity,  so  as  to  obliterate  in  succession  every  part  of  the  ring».     When  the  plate  has  made  45°      893. 
of  its  revolution,  so  as  to  bring  its  principal  section  into  the  plane  of  polarization  of  the  incident  beam,  this  Further 
band  also  coincides  in  direction  with  that  plane,  and  is  then  visibly  prolonged,  so  as  to  meet  that  belonging  to  P^^*^"!*''* 
the  aet  of  rings  about  the  other  pole ;    and  is  crossed  at  the  middle  point  between  the  poles  by  another  dark 
wpmee  perpendicular  to  it,  or  in  the  plane  of  the  section  B,  presenting  the  appearance  in  fig.  177.  Fig.  177. 

These  phenomena,  if  a  tourmaline  be  not  at  hand,  may  be  viewed,  (somewhat  less  commodiously,  unless  the      894. 
nuca  plate  be  of  considerable  size,)  by  using  in  its  place  the  reflector  fig^ured  in  fig.  170,  or  by  a  pile  of  glass  Other 
plaCon  interposed  obliquely  between  the  eye  and  the  mica.     In  this  manner  of  observing  them,  the  colours  are  °^?^f?  ?^ 
sarpriaiiigly  vivid,  no  part  of  the  red  and  violet  rays  being  absorbed  more  than  the  rest ;  whereas  the  tourmalines  ^^se  'phe- 
generally  exert  a  considerable  absorbing  energy  on  these  rays  in  preference  to  the  rest,  and  thus  the  contrast  ofnomeo«. 
colours  is  materially  impaired.     On  the  other  hand,  however,  fit)m  the  greater  homogeneity  of  the  transmitted 
]%ht»  the  rings  are  more  numerous  and  better  defined  ;  and  in  this  respect  the  phenomenon  is  greatly  improved 
by  the  use  of  homogeneous  light. 

We  have  taken  mica  as  being  a  crystallized  body  very  easily  obtained  of  large  size,  and  presenting  its  axes 
readily,  and  without  the  necessity  of  artificial  sections.  It  is  thus  admirably  adapted  for  obtaining  a  general 
tough  view  of  the  phenomena,  preparatory  to  a  nicer  examination.  From  the  wide  interval  between  its  axes, 
however,  and  the  considerable  breadth  of  its  rings,  it  is  less  adapted,  when  employed  as  above  stated,  to  give  a 
clear  conception  of  the  complicated  changes  which  the  rings  undergo,  on  a  variation  of  circumstances.  For 
this  reason  we  shall  now  describe  another  and  much  more  commodious  mode  of  examining  the  systems  of 
pdariaed  rings  presented  by  crystals  in  general,  which  has  the  advantage  of  bringing  the  laws  of  their  pheno- 
mena so  evidently  under  our  eyes  as  to  make  their  investigation  almost  a  matter  of  inspection. 

It  is  evident,  that  when  we  apply  the  eye  close  to,  or  very  near  a  plate  of  mica,  or  other  body,  and  view,      896. 
beyond  it,  a  considerable  extent  of  illuminated  surface,  each  point  of  that  surface  will  be  seen  by  means  of  a  ray  General 
which  has  penetrated  the  plate  in  a  difierent  direction  with  respect  to  the  axes  of  its  molecules ;  so  that  we  may  P^^j^'^^^  f 
consider  the  eye  as  in  the  centre  of  a  spherical  surface  firom  all  points  of  which  rays  are  sent  to  it,  modified  ^^^in^'  ^i,^ 
aoeording  to  the  state  of  primitive  polarization,  and  the  influence  of  the  peculiar  energies  of  the  medium,  corre-  riugs. 
sponding  to  the  direction  in  which  they  traverse  it,  and  the  thickness  of  the  plate  in  thai  direction. 

Any  means,  therefore,  by  which  we  can  admit  into  the  eye  through  the  plate  and  tourmaline  a  cone  of  rays  Perbcopic 
neariy  or  completely  polarized  in  one  general  direction,  or  according  to  any  regular  law,  will  afibrd  a  sight  of  tourmaline 
the  rings ;  and  therefore  exhibit,  at  a  single  view,  a  synopsis,  as  it  were,  of  the  modifications  impressed  on  an  j^^^-^ 
infinite  number  of  rays  so  polarized  traversing  the  plate  in  all  directions.     The  property  of  the  tourmaline  so 
often  referred  to  puts  it  in  our  power  to  perform  this  in  a  very  elegant  and  convenient  manner,  by  the  aid  of  the 
little  apparatus  of  which  fig.  178  is  a  section.     AB  CD  is  a  short  cylinder  of  brass  tube,  the  end  of  which,  AC,  Fig.  178. 
it  terminated  by  a  brass  plate,  having  an  aperture  a  6,  into  whieh  is  set  a  tourmaline  plate  cut  parallel  to  the 
axis:  hgik  is  another  similar  brass  cylinder,  provided  with  a  similar  aperture  and  a  similar  tourmaline  plate  G, 
and  fitted  into  the  former  so  as  to  allow  of  the  one  being  freely  turned  round  within  the  other  by  the  milled  edges 
B  D,  A  At.     a  lens  H  of  short  focus,  set  in  a  proper  cell,  is  screwed  on  in  front  of  the  tourmaline  G,  so  as  to 
have  its  focus  a  little  behind  its  posterior  surface,  (that  next  the  eye,  O.)     Between  the  two  surfaces  A  C,  gi 
is  another  short  cylinder  of  thin  tube  c  dj  carrying  a  brass  plate  with  an  aperture  somewhat  narrower  than  those 
in  which  the  tourmalines  are  set,  and  on  which  any  crystallized  plate  F  to  be  examined  may  be  cemented  with 
a  little  wax.     This,  with  the  cylinder  to  which  it  is  fixed,  is  capable  of  being  turned  smoothly  round  within  the 
cylinder  A  B  C  D  by  means  of  a  small  pin  e  passing  thi'ough  a  slit  /made  in  the  side,  and  extended  round  so 
as  to  occupy  about  120^  of  the  circumference;  by  which  a  rotation  to  that  extent  may  be  communicated  to  the 
crystallized  plate  F  in  its  own  plane  between  the  tourmaline  plates.     The  pin  e  should  screw  into  the  ring  cef, 
that  it  may  be  easily  detached,  and  admit  the  ring  and  plate  to  be  taken  out  for  the  convenience  of  fixing  on  it 
other  crystals  at  pleasure. 

The  use  of  the  lens  H  is  to  disperse  the  incident  light,  and  thus  equalize  the  field  of  view  when  illuminated      897. 
by  any  source  of  light,  whether  natural  or  artificial,  as  well  as  to  prevent  external  objects  being  distinctly  seen  ^fo^«  of 
through  it,  which  would  distract  the  attention  and  otherwise  interfere  with  the  phenomena.     The  rays  converged  Jjjj^*^^. 
by  the  lens  to  a  focus  within  the  crystallized  plate  F,  afterwards  diverge  and  fall  on  the  eye  O,  after  traversing  ratus. 
the  plate  in  all  directions  within  the  limit  of  the  field  of  view.     As  by  this  contrivance  they  pass  through  a 
very  small  portion  of  the  crystal,  there  is  the  less  chance  of  accidental  irregularities  in  its  structure  disturbing 
the  regular  formation  of  the  rings,  since  we  have  it  in  our  power  to  select  the  most  uniform  portion  of  a  large 
crystal.     The  rays,  after  passing  through  the  lens,  are  all  polarized  by  the  tourmaline  G,  in  planes  parallel  to 
its  axis ;  and  passing  through  the  eye  in  this  state,  if  the  crystal  F  be  not  interposed,  the  rays  will,  or  will  not, 
peneUtite  the  second  tourmaline,  according  as  its  axis  is  parallel  or  perpendicular  to  that  of  the  first.     In  con- 
sequence, when  the  cylinder  carrying  the  former  is  turned  round  within  that  carrying  the  latter,  the  field  of  view 
is  seen  alternately  bright  and  dark. 

When  the  crystallized  substance  F  is  interposed,  provided  it  be  so  disposed  that  one  or  other  of  its  optic  axes      ^()g^ 
is  situated  any  where  in  the  cone  of  rays  refracted  by  the  lens,  so  that  one  of  them  shall  reach  the  eye  by  Selection  of 
traversing  the  axis,  the  polarized  rings  are  seen.     If  both  the  axes  of  the  crystal  (supposing  it  to  have  more  cr)sttl8. 
than  one)  fall  within  the  field,  ^  set  of  rings  will  be  seen  round  both,  and  may  be  studied  at  leisure.     In  order 
to  bring  the  whole  of  their  phenomena  distinctly  under  view,  it  is  requisite  to  select  such  crystals  as  have 
their  axes  not  much  inclined  to  each  other,  so  as  to  allow  the  rings  about  both  to  be  seen  without  the  necessity 
of  looking  very  obliquely  into  the  apparatus.     In  mica  the  axes  are  rather  coo  far  removed  for  this.     The  best 
crystal  we  can  select  for  the  purpose  is  nitre. 
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Nitre  crystallizes  in  long«  six-sided  prisms,  whose  section,  perpendicular  to  their  sides,  is  the  regular  faouigon.     ^ 
They  are  generally  very  much  interrupted  in  their  structure ;    hut  by  turning  over  a  considerable  qnanti^  of  ^^** 


899.  the  ordinary  saltpetre  of  the  shops,  specimens  are  readily  found  which  have  perfectly  transparent  portifnui  of 
^'^hlli   r    ^^^  extent     Selecting  one  of  these,  cut  it  with  a  knife  into  a  plate  above  a  quarter  of  an  inch  thick,  direethf 
pi^paHDff     c^ross  the  axis  of  the  prism,  and  then  grind  it  down  on  a  broad,  wet  file,  till  it  is  reduced  to  about  ^  or  ^  iiwir 
and  polish-  >^  thickness ;  smooth  the  surfaces  on  a  wet  piece  of  emeried  glass,  and  polish  them  on  a  piece  of  silk  «tni' 
iiig  it.         very  tight  over  a  strip  of  plate  glass,  and  rubbed  with  a  mixture  of  tallow  and  colcothar  of  vitrioL    Ttii$  ( 

ration  requires  practice.  It  cannot  be  effected  unless  the  nitre  be  applied  toet^  and  rubbed  till  quite 
increasing  the  rapidity  of  the  friction  as  the  moisture  evaporates.  It  must  be  performed  in  gloves,  as  the  vftpdor 
firom  the  fingers,  as  well  as  the  slightest  breatn,  dims  the  polished  surface  effectually.  With  these  pnemUkmm 
a  perfect  vitreous  polish  is  easily  obtained.  We  may  here  remark,  that  hardly  any  two  salts  can  be  poliflhedl 
by  the  same  process.  Thus,  Rochelle  salt  must  be  finished  wet  on  the  silk,  and  instantly  transferrad  to  soft 
bibulous  linen,  and  rapidly  rubbed  dry.  Experience  alone  can  teach  these  peculiarities,  and  the  contriTUieee 
(sometimes  very  strange  ones)  it  is  necessary  to  resort  to  for  the  purpose  of  obtaining  good  polished  sectioiiB  of 
sofl  crystals,  especially  of  those  easily  soluble  in  water. 

900.  The  nitre  thus  polished  on  both  its  surfaces  (which  should  be  brought  as  near  as  possible  to  exact  panllcKsni) 
»/k"^^i^'  is  to  be  placed  on  the  plate  at  F ;  and  the  tourmaline  plates  being  then  brought  to  have  their  axes  at  riglii 
nitr             angles  to  each  other  (which  position  should  be  marked  by  an  index  line  on  the  cylinders)  the  eye  applied  at  O; 

and  the  whole  held  up  to  a  clear  light,  a  double  system  of  interrupted  rings  of  the  utmost  neatness  and  bewrty 

Fig.  179.     will  be  seen,  as  represented  in  fig.  179.     If  the  crystallized  plate  be  made  to  revolve  in  its  own  plane  between 

the  tourmalines  (which  both  remain  unmoved)  the  phenomena  pass  through  a  certain  series  of  changes  peiiodU 

F'^  18?      <^&lly>  returning,  at  every  90^  of  rotation,  to  their  original  state.     Fig.  180  represents  their  appearance  when  tlie 

Fig.  182.     rotation  is  just  commenced ;  fig.  181,  when  the  angle  of  rotation  is  22^%  or  67^°;  and  fig.  182,  when  it  ec^uJs 

4.5°.     When  the  tourmalines  are  also  made  to  revolve  on  each  other,  other  more  complicated  appeanmces  are 

produced,  of  which  more  presently.     We  shall  now,  however,  suppose  them  retained  in  the  situation  above 

mentioned,  i.  e,  with  their  axes  crossed  at  right  angles,  and  proceed  to  study  the  following  particulars : 

1.  The  form  and  situation  of  the  rings. 

2.  Their  magnitudes  in  the  same  and  different  plates. 

3.  Their  colours. 

4.  The  intensity  of  the  illumination  in  different  parts  of  their  periphery. 

901.  The  situation  of  the  rings  is  determined  by  the  position  of  the  principal  section  of  the  crystal,  or  by  that  of' 
Situation  of  i[,e  optic  axes  within  its  substance.     These  in  nitre  lie  in  a  plane  parallel  to  the  axis  of  the  prisms,  and  pcr^ 
the  cn^tal"  P^i^^i^ular  to  one  or  other  of  its  sides.     It  is  no  unusual  thing  to  find  crystals  of  this  salt  whose  transvene 

section  consists  of  distmct  portions,  in  which  the  principal  sections  make  angles  of  60°  with  each  other ;  indi- 
cating a  composite  or  macled  structure  in  the  crystal  itself.  These  portions  are  divided  firom  each  other  by 
thin  films,  which  exhibit  the  most  singular  phenomena  by  internal  reflexion,  on  which  this  is  not  the  place  to 
enlarge.  In  an  uninterrupted  portion,  however,  the  forms  of  the  rings  are  as  represented  in  the  figores  abo?e 
referred  to,  their  poles  subtending  at  the  eye  an  angle  of  about  8°.  Now,  it  is  to  be  remarked,  that  as  the  plale 
is  turned  round  between  the  tourmalines,  although  the  black  hyperbolic  curves  passing  through  the  poles  ahtfk 
their  places  upon  the  coloured  lines,  and  in  succession  obliterate  every  part  of  them  ;  forming,  first,  the  blaci: 
cross  in  fig.  179,  by  their  union ;  then  breaking  up  and  separating  laterally,  as  in  fig.  180,  and  so  on.  Yet  the 
rings  themselves  retain  the  same  form  and  disposition  about  their  poles,  and,  except  in  point  of  intensity,  remaia 
perfectly  unaltered ;  their  whole  system  turning  uniformly  round  as  the  cr}stallized  plate  revolves,  so  as  to 
preserve  the  same  relations  to  the  axes  of  its  molecules.  Hence  we  conclude,  that  the  coloured  ring^  are  related 
to  the  optic  axes  of  the  crystal,  according  to  laws  dependent  only  on  the  nature  of  the  crystal,  and  not  at  all  oa 
external  circumstances,  such  as  the  plane  of  polarization  of  the  incident  light,  &c. 

902.  The  general  form  of  the  rings,  abstraction  made  of  the  black  cross,  is  as  represented  in  fig«  183.  If 
Form  of  the  we  regard  them  all  as  varieties  of  one  and  the  same  geometrical  curve,  arising  from  the  variation  of  a 
rings,  parameter  in  its  equation,  it  will  be  evident  that  this  equation  must,  in  its  most  general  form,  represent  a  re- 
that  of  entering  symmetrical  oval,  which  at  first  is  uniformly  concave,  and  surrounds  both  poles,  as  A ;  then  flattens  at 
Fiff.  185.      *^®  sides,  and  acquires  points  of  contrary  flexure,  as  B  ;  then  acquires  a  multiple  point,  as  C ;    after  which  it 

breaks  into  two  conjugate  ovals  D  D,  each  surrounding  one  pole.  This  variation  of  form,  as  well  as  the  general 
figure  of  the  curves,  bears  a  perfect  resemblance  to  what  obtains  in  the  curve  well  known  to  geometers  under 
the  name  of  the  lemniscate,  whose  general  equation  is 

(jpft  -I-  y«  +  a^y=z  a«  (6«  +  4  x^), 

when  the  parameter  6  gradually  diminishes  from  infinity  to  zero;  2  a  representing  the  constant  distance 
between  the  poles. 

903.  ^^^  apparatus  just  described  affords  a  ready  and  very  accurate  method  of  comparing  the  real  form  of  the 
Verified  by  rings  with  this  or  any  other  proposed  hypothesis.  If  fixed  against  an  opening  in  the  shutter  of  a  darkened 
experiment,  room,  with  the  lens  H  outwards,  and  a  beam  of  solar  light  be  thrown  on  the  latter,  parallel  to  the  axis  of  the 

apparatus,  the  whole  system  of  rings  will  be  seen  finely  projected  against  a  screen  held  at  a  moderate  distance 
from  E.  Now,  if  this  screen  be  of  good  smooth  paper  tightly  stretched  on  a  frame,  the  outlines  of  the  seveial 
rings  may  easily  be  traced  with  a  pencil  on  it,  and  the  poles  being  in  like  manner  marked,  we  have  a  fiuthfbl 
representation  of  the  rings,  which  may  be  compared  at  leisure  with  a  system  of  lemniscates,  or  any  other  curve 
graphically  constnicted,  so  as  to  pass  through  points  in  them  chosen  where  the  tint  is  most  decided.     TTiis  has 
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accordingly  been  done,  and  it  has  been  found  that  lemniscates  so  .constructed  coincide  throughout  their  whole    Put  IV. 
^  extent,  to  minute  precision,  with  the  outlines  of  the  rings  so  traced,  the  points  graphically  laid  down  falling  on  < 
the  pencilled  outlines.    The  graphical  construction  of  these  curves  is  rendered  easy  by  the  well-known  property 
of  the  lemniscate,  in  which  Uie  rectangle  under  two  lines  P  A  x  P  A  drawn  from  the  poles  to  any  point  A  in 
tlie  periphery  is  invariable  throughout  the  whole  curve.    This  is  easily  shown  from  the  above  equation,  and  the 
Tilue  of  this  constant  rectangle  in  any  one  curve  is  represented  by  a  x  6. 

When  we  shifl  from  one  ring  to  another,  a  remains  the  same,  because  the  poles  are  the  same  for  all.     To      904. 
determine  the  variation  of  6,  let  the  rings  be  illuminated  with  homogeneous  lig^t,  (or  viewed  through  a  red  Variation  of 
glass,)  and  outlined  by  projection,  as  above.     Then,  if  we  determine  the  actual  value  of  a  6  by  measuring  the  ^^^  P*^.' 
lengths  of  two  lines  P  A,  P' A  drawn  from  P,  P'  to  any  point  of  each  curve;  and,  calculating  their  product,  (to  Arithmetic 
which  a  6  is  equal,)  it  will  be  found  that  this  product,  and  therefore  the  parameter  b,  irwreases  in  the  aritkmeticcU  progression 
progreuion  0,  1,  2,  3,  4,  Sfc.  for  the  several  dark  intervals  of  the  rings  beginning  at  the  pole,  and  in  the  progres-  irom  ring  to 
flion  1^,  f>  |>  &c.  for  the  brightest  intermediate  spaces.     To  easure  accuracy,  the  mean  of  a  number  of  values  of  ""^' 
P  A  X  FA^at  difierent  points  of  the  periphery,  may  be  taken  to  obviate  the  effect  of  any  imperfection  in  the 
cryalal. 

ISiia^  then,  is  the  law  of  the  magnitudes  of  the  successive  rings  formed  by  one  and  the  same  plate.     But  if  we      905. 
dctormine  the  value  of  the  same  product  for  plates  of  nitre  similarly  cut,  but  of  different  thicknesses,   or  EflTect  of 
of  the  same  reduced  in  thickness  by  grinding,  it  will  be  found  to  vary  inversely  as  the  thickness  of  the  plate,  ^'^^rying  the 
emieris  panhus.  thickness  of 

The  colours  of  the  polarized  rings  bear  a  great  analogy  to  those  reflected  by  thin  plates  of  air,  and  in  most  ^  ^  ^q^ 
crystals  would  be  precisely  similar  to  them  but  for  a  cause  presently  to  be  noticed.     In  the  situation  of  the  i-^g  colours 
tonnnaline  plates  here  supposed  (crossed  at  right  angles)  they  are  those  of  the  reflected  rings,  beginning  with  a  of  the  rings. 
Uadk  centre,  at  the  pole.      If  examined  in  the  situation  of  fig.  179,  and  traced  in  a  line  from  either  pole 
cutting  across  the  whole  system,  at  rig^t  angles  to  the  line  joining  the  poles,  they  will  almost  precisely  follow 
the  Newtonian  scale  of  tints.     For  the  present  we  will  suppose  that  they  do  so  in  all  directions.     It  is  evident, 
then^  that  each  particular  tint  (as  the  bright  green  of  the  third  order,  for  instance)  will  be  disposed  in  the  form 
of  a  lemniscate,  and  will  have  its  own  particular  value  of  the  product  a  b.     The  tint,  then,  may  be  said  to  be 
corresponding  to, — dependent  on, — or,  if  we  will,  measured  by  ab.     In  conformity  with  this  language  the  Numerical 
ooloured  curves  have  been  termed,  and  not  inaptly,  isochromatic  lines.     Now,  in  tlie  colours  of  thin  plates,  we  na««^re  of 
have  seen  that  these  tints  arise  from  a  law  of  periodicity  to  which  each  homogeneous  ray  is  subject ;  and  that  ^  ^^'^^ . 
(without  entering  at  this  moment  into  the  cause  of  such  periods)  the  successive  maxima  and  minima  of  each  par-  maUc  line!'' 
ticnlar  coloured  ray  passed  through,  in  the  scale  of  tints,  correspond  to  successive  multiples  by  -},  f ,  ^,  ^,  &c.  of 
the  period  peculiar  to  that  colour.     In  the  colours  of  thin  plates,  the  quantity  which  determines  the  number  of 
periods  is  the  thickness  of  the  plate  of  air,  or  other  medium  traversed ;   and  the  number  of  times  a  certain 
itaBdard  thickness  peculiar  to  each  ray  is  contained  therein,  determines  the  number  of  periods,  or  parts  of  a 
fMriod,  passed  through.     In  the  colours,  and  in  the  case  now  under  consideration,  the  number  of  periods  is  Law  of  pe- 
ivopoitional  to  the  product  (0  x  0^  of  the  distances  from  either  pole,  for  one  and  the  same  thickness  of  plate, —  'io<licUy. 

1  for  different  plates  to  ^  the  thickness, — and,  therefore,  generally,  to  ^  X  ^'  X  ^,  provided  we  neglect  the 

Gt  of  the  inclination  of  the  ray  in  increasing  the  length  of  the  path  of  the  rays  within  the  crystal,  or  regard 
tho  whole  system  of  rings  as  confined  within  very  narrow  limits  of  incidence. 

This  condition  obtains  in  the  case  here  considered,  because  of  the  proximity  of  the  axes  in  nitre  to  each  other      907. 
aad  io  the  perpendicular  to  the  surfaces  of  the  plate.     But  in  crystals  such  as  mica,  or  others  where  they  are  Transition 
otiU  wider  asunder,  it  is  not  so ;  and  the  projection  of  the  isochromatic  ciu-ves  on  a  plane  surface  will  deviate  [[^°!i°*^ 
materially  from  their  true  form,  which  ought  to  be  regarded  as  delineated  on  a  sphere  having  the  eye,  or  rather  a  cry^taU 
point  within  the  crystal,  for  a  centre.     In  such  a  case,  it  might  be  expected  that  the  usual  transition  from  the  whose  axes 
Src  to  its  sine  should  take  place  ;  and  that,  instead  of  supposing  the  tint,  or  value  of  a  5,  to  be  proportional  are  farther 
mnply  to  ^  X  ^  x  ^  (putting  ^  =  A  P,  and  ^  =;:  A  F,)  we  ought  to  have  it  proportional  to  sin  ^  X  sin  ^x  sunder. 
length  of  the  path  of  the  ray  within  the  crystal.     Now  (putting  />  for  the  angle  of  refraction,  and  t  for  the 
thickness  of  the  plate)  we  have  ^  .  sec  />  ==  length  of  the  ray's  path  within  the  crystal.     If,  then,  we  put  n  for 

the  nomber  of  periods  corresponding  to  the  tint  ab  for  the  ray  in  question,  and  suppose  h  =  ,  or  the 

mit  whose  multiples  determine  the  order  of  the  rings,  we  shall  have 

a  b  t  General  ex- 

n  =  —7—  =  -r-  •  «n^ .  sin ^'.  sec  />,  (a)  vT^^on  for 

.  polarized 

•ad  A  = ' .sin^.sin^.  (6)  *>y"7,.    , 

n .  cos  />  ^  cryaullized 

plate. 
1^  then,  the  suppositions  made  be  correct,  we  ought  to  have  the  function  on  the  rig^t  hand  side  of  this  last 
equation  invariable,  in  whatever  direction  the  ray  penetrates  the  crystallized  plate,  and  whatever  be  the  order  of 
"  \  thit  denoted  by  n.    We  shall  here  relate  only  one  experiment,  to  show  how  very  precisely  the  agreement  of 
__B  eondusion  with  fact  is  sustained. 

A  Tay  of  light  was  polarized  by  reflexion  at  a  plate  of  perfectly  plane  glass,  and  transmitted  through  a  plate      908. 
tsf^mica,  having  its  principal  section  4.5®  inclined  to  the  plane  of  primitive  polarization,  and  the  mica  plate  Expenmeni 
nuide  to  revolve  in  the  plane  of  ite  principal  section  about  an  axis  at  right  angles  thereto,  (or  about  the  axis  B,  J^'JJ^ 
Art.  886.)     In  this  state  of  things,  if  viewed  through  a  tourmaline  as  above  described,  or  by  other  more  refined 
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ligfaL  means  presently  to  be  noticed,  the  succession  of  tints  exhibited  by  the  mica  was  that  of  a  sectton  of  the  lii^ 
i0p->^^^  in  fig.  182,  made  by  a  line  drawn  through  both  the  poles.  To  render  the  observation  definite,  a  red  glass  was  ^ 
interposed  so  as  to  reduce  the  rings  to  a  succession  of  red  and  black  bands,  and  the  angles  of  incidenee  eom- 
sponding  to  the  maxima  and  minima  of  the  several  ring«  very  accurately  measured.  These  are  set  down  ia 
Col.  2  of  the  following  table.  Col.  1  contains  the  values  of  9t,  0  corresponding  to  the  pole,  j^  to  the  fint 
maximum,  I  to  the  first  minimum,  1^  to  the  second  maximum,  and  so  on.  The  third  column  contains  the 
angles  of  refraction  computed  for  an  index  1.500 ;  the  fourth  and  fifth,  those  of  0  and  O' ;  the  sixth,  those  of  i 
deduced  from  the  above  equation,  and  which  ought  to  be  constant.  The  excesses  above  the  mean  are  stated 
in  the  last  column,  and  show  how  very  closely  that  equation  represents  the  fact.  The  thickness  of  the  mica  was 
0.023078  inches  =  t 


Values  of  M. 

Angles  of  in- 
cidence. 

Angles  of 
refraction  =  f. 

Values  of  i. 

Values  of  ^. 

Values  of  h. 

the  mean. 

0.0 

35°  3' 30" 

22^31'   0" 

0®   0'    0" 

45**   2f    0" 

0.5 

32  55  20 

21   14  40 

1    16  20 

43  45  40 

0.032952 

-  0.000195 

1.0 

30  34  40 

19  49  30 

2  41  30 

42  20  30 

0.033622 

-f  0.000475 

1.5 

28  15  40 

18  24     0 

4     7     0 

40  55     0 

0.033035 

-  0.000118 

2.0 

25  34  20 

16  43  30 

5  47  30 

39  14  30 

0.033327 

+  0.000180 

2.5 

22  46  20 

14  57   15 

7  33  45 

37  28  15 

0.033148 

4-0.000001 

3.0 

19  35  40 

12  55  10 

P  35  50 

35  26  10 

0.033058 

-  0.000089 

3.5 

15  48  40 

10  27  50 

12     3  10 

32  58  50 

0.033026 

-  0.000121 

4.0 

10  48  50 

7  11   10 

15  19  50 

29  42  10 

0.033010 

-  0  000137 

909^  Proceeding  thus,  and  measuring  across  the  system  of  rings  in  all  directions  for  plates  of  various  crystals  aad 

General  of  all  thicknesses,  it  has  been  ascertained,  as  a  general  fact,  that  in  all  substances  which  possess  the  property  of 
eiublisb-  developing  periodical  colours  by  exposure  to  polarized  light  in  the  manner  described,  the  tint  (n),  or  raUier 
mcnt  of  the  ^he  number  of  periods  and  parts  of  a  period  corresponding,  in  the  case  of  a  ray  of  given  refrangibility,  to  a 
^  thickness  t,  an  angle  of  refraction  ^,  and  a  position  within  the  crystal^  making  angles  0  and  0^  with  the  optic 

axes,  is  represented  by  the  equation 


Uw. 


n  = 


^    t .  sec  p 


X  sin  ^  .  sin  ^, 


Case  of  a 
crysial 
formed  id  to 
a  sphere. 
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Methods  of 
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great  obli- 
quities. 


Fig.  184. 


911. 

Rings  in 
crv«tals 
with  one 
axis. 
Fig.  18& 


Familiarly 
shown  in 


h  being  a  constant  depending  only  on  the  nature  of  the  crystal  and  the  ray.  Were  the  crystal  of  a  sphmcal  fbm, 
instead  of  a  parallel  plate,  t,  sec  ^,  which  represents  the  path  traversed  by  the  ray  within  it,  must  be  replaeed 
by  a  constant  equal  to  the  diameter  of  the  sphere,  and  in  that  case  the  tint  would  be  simply  proportional  to 
the  product  of  the  sines  of  0  and  0',  This  elegant  law  is  due  to  M.  Biot,  though  it  is  to  Dr.  Brewster's  inde- 
fatigable and  widely  extended  research  that  we  owe  the  general  developement  of  the  splendid  phenomena  of  the 
polarized  rings  in  biaxal  crystals.  It  appears,  then,  from  this,  that  if,  on  the  surface  of  a  sphere  formed  of  aay 
crystal,  curves  analogous  to  the  lemniscate,  or  having  sin  ^  X  sin  ^  constant  for  each  curve,  and  varying  in 
arithmetical  progression  from  curve  to  curve,  be  described, — then,  if  the  sphere  be  turned  about  its  centre  in  a 
polarized  beam,  as  above  described,  the  tint  polarized  at  every  point  of  each  curve  will  be  the  same,  and  in 
passing  from  curve  to  curve  will  obey  the  law  of  periodicity  proper  to  the  crystal. 

There  is  hardly  any  character  in  which  crystals  differ  more  widely  than  in  the  angular  separation  of  their  optic 
axes,  as  the  table  annexed  to  the  end  of  this  article  will  show.  This,  while  it  affords  most  valuable  criteria  to 
the  chemist  and  mineralogist,  in  discriminating  substances  and  pointing  out  differences  of  structure  and  com- 
position which  would  otherwise  have  passed  unnoticed,  renders  the  investigation  of  their  phenomena  diflBcolt 
since  it  is  frequently  impossible,  by  any  contrivance,  to  bring  both  the  axes  under  view  at  once ;  and  neces- 
sitates a  variety  of  artifices  to  obtain  a  sight  of  the  rings  about  both.  It  is  often  very  easy  to  cut  and  polish 
crystallized  bodies  in  some  directions,  and  very  difficult  in  others.  However,  by  immersing  plates  of  them  ia 
oil,  and  turning  them  round  on  different  axes,  or  by  cementing  on  their  opposite  sides  prisms  of  equal  refracting 
angles  oppositely  placed,  as  in  fig.  184,  we  may  look  through  them  at  much  greater  obliquities  than  without  such 
aid ;  and  thus,  by  increasing  the  range  of  vision  to  nearly  a  hemisphere,  avoid  in  most  instances  the  necessity 
of  cutting  them  in  different  directions. 

When  the  two  axes  coalesce,  or  the  crystal  becomes  uniaxal,  the  lemniscates  become  circles;  and  the  black 
hyperbolic  lines,  passing  through  the  poles,  resolve  themselves  into  straight  lines  at  right  angles  to  each  other, 
forming  a  black  cross  passing  through  the  centre  of  the  rings,  as  in  fig.  185.  In  this  case  the  tint  is  repre- 
sented  by  t  .  sin  ^ ;  and  in  the  case  of  plates,  where  t,  the  thickness,  is  considerable,  or  where,  from  the  othei^ 
wise  peculiar  nature  of  the  substance  the  rings  are  of  small  dimensions,  9  is  small,  and  therefore  proportional 
to  its  sine;  so  that  in  passing  from  ring  to  ring  ^  increases  in  arithmetical  progression.  Hence  the  diaroeten 
of  the  rings  are  as  the  square  roots  of  the  numbers  0,  1,  2,  3,  &c.;  and  therefore  their  system  is  similar,  with 
the  exception  of  the  black  cross,  to  the  rings  seen  between  object-glasses.  Carbonate  of  lime  cut  into  a  plate 
at  right  angles  to  the  axis  of  its  primitive  rhomboid,  exhibits  this  phenomenon  with  the  utmost  beauty.  The 
most  familiar  instance,  however,  may  be  found  in  a  sheet  of  clear  ice  about  an  inch  thick  frozen  in  still  weather. 
A  pane  of  window-glass,  or  a  polished  table  to  polarize  the  light,  a  sheet  of  ice  freshly  taken  up  in  winter 
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*      prcxiuce  the  rings,  and  a  broken  fragment  of  plate  glass  to  place  near  the  eye  as  a  reflector,  are  all  the  apparatus     Ptm  iv. 
*^  required  to  produce  one  of  the  most  splendid  of  optical  exhibitions.  v^^^^^«»^ 

If  ^  be  not  very  small,  the  measure  of  the  tint,  instead  of  ^  .  sin  ^,  is  /  .  sec  ^  .  sin  ^.  We  have  seen  that  in  912. 
uniaxal  crystals,  sin  0*  is  proportional  to  the  difference  of  the  squares  of  the  velocities  v  and  t/  of  the  ordinary  Analogy 
and  extraordinary  ray,  or  to  r**  —  t^.     Now,  if  we  denote   by  t  and  t'  the  times  taken  by  these  two  rays  to  ^^^®«'»  ^ 

/    sec  o                    t     sec  o  i.        f 

traverse  the  plate,  we  have  v  =  — '■ and  t/  =  — ^-j ;   therefore  <  .  sec  .  ^  sin  (?«  is  proportional  to  -IJ^' 

,  ^  and  thoM 

interference 

or  (which  is  the  same  thing)  to  (t?  +1/)  ,  t?  r'  (t  —  t').  But,  neglecting  the  squares  of  very  small  quantities,  of 
the  order  t/  —  r  and  t  —  y,  for  such  they  are  in  the  immediate  neighbourhood  of  the  axis,  the  factors  t?  -f"  ^  *nd 
V  %f  are  constant ;  so  that  the  tint  is  simply  proportional  to  t  —  t',  the  difTerence  of  times  occupied  by  the  two 
rays  in  traversing  the  plate  ;  or  the  intervcU  of  retardation  of  the  slower  ray  on  the  quicker.  This  very  remark- 
able analogy  between  the  tints  in  question  and  those  arising  from  the  law  of  interferences,  was  first  perceived 
by  Dr.  Young ;  and,  assisted  by  a  property  of  polarized  light  soon  to  be  mentioned,  discovered  by  Messrs. 
Arago  and  Fresnel,  leads  to  a  simple  and  beautiful  explanation  of  all  the  phenomena  which  form  the  subject  of 
this  section,  and  of  which  more  in  its  proper  place. 

The  forms  of  the  rings  are  such  as  we  have  described,  only  in  regular  and  perfect  crystals ;  every  thing  which      918. 
disturbs  this  regularity,  distorts  their  form.     Some  crystals  are  very  liable  to  such  disturbances,  either  arising  Circum- 
firom  an  imperfect  state  of  equilibrium,  or  a  state  of  strain  in  which  the  molecules  are  retained,  or  to  actu^  ■'f*?^5* 
interruptions  in  their  structure.     Thus,  specimens  of  quartz  and  beryl  are  occasionally  met  with,  in  which  the  Jjjj^^  the 
siiigle  axis  usually  seen  is  very  distinctly  separated  into  two,  the  rings  instead  of  circles  have  oval  forms,  and  the  rings. 
black  cross  (which  in  cases  of  a  well  developed  single  axis  remains  quite  unchanged  during  the  rotation  of  the  cry- 
stallized plate  in  its  own  plane)  breaks  into  curves  convex  towards  each  other,  but  almost  in  contact  at  their  vertices, 
at  every  quarter  revolution.     Cases  of  interruption  occur  in  carbonate  of  lime  very  commonly,  and  in  muriacite 
peqietually ;  and  the  effects  produced  by  them  on  the  configurations  of  the  rings  rank  among  the  most  curious 
and  beautiful  of  optical  phenomena.     They  have  not,  however,  been  anywhere  described,  and  our  limits  will 
not  allow  us  to  make  this  article  a  vehicle  for  their  description. 

The  form  of  the  rings  being,  then,  considered,  let  us  next  inquire  more  minutely  into  their  colours.     These      914. 
being  all  composite,  and  arising  from  the  superposition  on  each  other  of  systems  of  rings  formed  by  each  homo-  Colours  ot 
geneous  ray,  we  can  obtain  a  knowledge  of  their  constitution  only  by  examining  the  rings  in  homogeneous  "•  '^y*' 
light.     This  is  easy,  for  we  have  only  to  illuminate  the  apparatus  described  above  by  homogeneous  light  of  all 
degrees  of  refirangibility  from  red  to  violet,  by  passing  a  prismatic  spectrum  from  one  end  to  the  other  over  the 
illuminating  lens  H,  the  eye  being  applied  as  usual  at  O,  and  observe  the  changes  which  take  place  in  the  rings. 
In  passing  from  one  coloured  illumination  to  another;    and,  if  necessary,  measure  their  dimensions.     This  is 
readily  done,  either  by  projecting  them  on  a  screen  in  a  darkened  room,  as  described  in  Art.  903,  or  by  detaching 
the  lens  H,  fig.  178,  and  simply  looking  through  the  apparatus  at  a  sheet  of  white  paper  strongly  illuminated 
by  the  rays  of  a  prismatic  spectrum,  where  the  rings  will  appear  as  if  depicted  on  the  paper,  and  their  outlines 
easily  marked,  or  their  diameters  measured.     The  following  are  the  general  facts  which  may  thus  be  readily 
▼erified. 

Krst,  in  the  case  of  crystals  with  a  single  axis,  the  rings  remain  circular,  and  their  centres  are  coincident  for      915. 
all  the  coloured  rays,  but  their  dimensions  vary.     In  the  generality  of  such  crystals,  their  diameters  for  different  '".  crjnuls 
refrangibilities  follow  nearly  the  law  of  the  Newtonian  ring^,  when  viewed  in  similar  illuminations ;  their  ^^  °"* 
squares  (or  rather  the  squares  of  their  sines)  being  proportional,  or  nearly  so,  to  the  lengths  of  the  fits,  or  of  the  Deviations 
undulations  of  the  rays  forming  them.     This  law,  however,  is  very  far  from  universal ;  and  in  certain  crystals  is  from  New- 
altogether  subverted.     Thus,  in  the  most  common  variety  of  apophyllite,  (from  Cipit,  in  the  Tyrol, — not  from  ton's  scale. 
Fassa,  as  is  commonly  stated,)  the  diameters  of  the  rings  are  nearly  alike  for  all  colours,  those  of  the  green  ring^  '"  ^rt/^' 
being  a  very  little  less ;  those  formed  by  rays  at  the  confines  of  the  blue  and  indigo  exactly  equal,  and  those  P  ^'  '  ' 
of  violet  rays  a  little  greater  than  the  red  rings.     It  is  obvious,  that  were  the  rings  of  all  colours  exactly  equal, 
the  system  resulting  from  their  superposition  would  be  simple  alternations  of  perfect  black  and  white,  continued 
ad  infinitum.     In  tlie  case  in  question,  so  near  an  approach  to  equality  subsists,  that  the  rings  in  a  tourmaline 
apparatus  appear  merely  black  and  white,  and  are  extremely  numerous,  no  less  than  thirty-five  having  been 
counted,  and  many  of  those  too  close  for  counting  being  visible  in  a  thick  specimen. 

When  examined  more  delicately,  colours  are,  however,  distinguished,  and  are  in  perfect  conformity  with  the      9^5^ 
law  stated,  being  for  the  first  four  orders  as  follow  : 

First  order.     Black,  greenish  white,  bright  white,  purplish  white,  sombre  violet  blue. 

Second  order.  Violet  almost  black,  pale  yellow  green,  gpreenish  white,  white,  purplish  white,  obscure  indigo 

inclining  to  purple. 
Third  order.     Sombre  violet,  tolerable  yellow  green,  yellowish  white,  white,  pale  purple,  sombre  indigo. 
Fourth  order.    Sombre  violet,  livid  grey,  yellow  green,  pale  yellowish  white,  white,  purple,  very  sombre 
indigo,  &c. 
Carbonate  of  lime,  beryl,  ice,  and  tourmaline  (when  limpid)  are  instances  of  uniaxal  crystals,  in  whose  rings       ^17 
the  Newtonian  scale  of  tints  is  almost  exactly  imitated ;  and,  consequently,  the  intervals  of  retardation  of  the 
ordinary  and  extraordinary  rays  of  any  colour  on  one  another,  are  proportional  to  the  lengths  of  their  undu- 
lations.    On  the  other  hand,  in  the  hyposulphate  of  lime,  we  are  nimiahed  with  an  instance  of  more  rapid 
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degradation  of  tints,  and  therefore  of  a  more  rapid  variation  of  the  interval  just  mentioned.    The  following  was    W 

the  scale  of  colour  of  the  rings  observed  in  this  remarkable  crystal :  "^^^ 

First  order.     Black,  very  faint  sky  blue,  pretty  strong  sky  blue,  very  light  bluish   white,  white,  yellowish 

white,  bright  straw  colour,  yellow,  orange  yellow,  fine  pink,  sombre  pink. 
Second  order.  Purple,  blue,  bright  greenish  blue,  splendid  green,  light  green,  gpreenish  white,  ruddy  whitCt 
pink,  tine  rose  red. 
Dull  purple,  pale  blue,  green  blue,  white,  pink. 
Very  pale  purple,  very  light  blue,  white,  almost  imperceptible  pink. 
Afler  which  the  succession  of  colours  was  no  longer  distinguishable. 

A  degradation  still  more  rapid  has  been  observed  in  certain  rare  varieties  of  uniaxal  apophyllite,  accompanied 
with  remarkable  and  instructive  phenomena.  In  these,  the  diameters  of  the  rings  (instead  of  diminishing  as  the 
refrangibility  of  the  light  of  which  they  are  formed  increases)  increase  with  great  rapidity,  and  actually  become 
infinite  for  rays  of  intermediate  refrangibility ;  aRer  whidi  they  again  become  finite,  and  continue  to  oontrad 
up  to  the  violet  end  of  the  spectrum,  where,  however,  they  are  still  considerably  larger  than  in  the  red  rays.  la 
consequence  of  this  singularity,  their  colours  when  illuminated  with  white  light  furnish  examples  of  a  complete 
inversion  of  Newton's  scale  of  tints.  The  following  were  the  tints  exhibited  by  two  varieties  of  the  mineral  in 
question,  in  one  of  which  the  critical  point  where  the  rings  become  infinite  took  place  in  the  indigo,  and  in  tbe 
other  in  the  yellow  rays.     In  the  former  they  were 

First  order.     Black,  sombre  red,  orange,  yellow,  green,  greenish  blue,  sombre  and  dirty  blue. 

Second  order.  Dull  purple,  pink,  ruddy  pink,  pink  yellow,  pale  yellow  (almost  white,)  bluish  green,  dull 

pale  blue. 
Tliird  order.     Very  dilute  purple,  pale  pink,  white,  very  pale  blue. 
In  the  latter  variety,  the  tints  were 

first  and  only  order.     Black,  sombre  indigo,  indigo  inclining  to  purple,  pale  lilac  purple,  very  pale  reddish 

purple,  pale  rose  red,  white,  white  with  a  hardly  perceptible  tinge  of  green. 

The  dovbly  refracting  energy  of  a  crystal  may  be  not  improperly  measured  by  the  difference  of  the  squares 

of  the  velocities  of  an  ordinary  and  extraordinary  ray  similarly  situated  with  respect  to  the  axes;    but  as 

this  difference,  for  rays  variously  situated  in  one  and  the  same  crystal,  is  proportional  to  sin  ^,  or  in  biaxal 

crystals  to  sin  ^ .  sin  ^,  the  intrinsic  double  refractive  energy  of  any  crystal  may  be  represented  by 

e  =    .— . — 7-^  ;  (c) 


sin  0 . 


^' 


r»  —  ©*• 


regarding  this  henceforth  as  the  definition  of  this  energy,  we  have,  in  uniaxal  crystals,  e  =        . 

this  will  evidently  measure  the  actual  amount  of  separation  of  two  such  rays  when  emergent  from  the  crystaL 

/  .  sec  /9 J    /  .  sec  ^ 


If  in  this  we  put  for  v  and  t/  their  equals 


and 


we  shall  have,  after  reduction. 


r«  —  t?'2  =  r  t/  (c  -f- 1/)  . 
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In  a  parallel  plate,  perpendicular  to  the  axis  and  in  the  immediate  vicinity  of  the  axis,  t/  and  sec  />  may 
be  regarded  as  constant,  and  t?*  —  t/*  is  proportional  to  t'  —  t,  the  interval  of  retardation  of  one  ray  on  the 
other,  to  which  the  tint  in  white  light  and  the  number  of  periods  and  parts  of  a  period  in  homogeneous  li|^t 
(to  which,  for  brevity,  we  will  continue  to  extend  the  term  tint)  are  proportional.  We  see,  then,  that  in  such 
cases  the  intrinsic  double  refracting  energy  is  directly  as  the  tint  polarized,  and  inversely  as  sin  ^,  and  therefore 
also  inversely  as  the  squares  of  the  diameters  of  the  rings.  As  the  rings  increase  in  magnitude,  then,  cmtertM 
paribus^  the  double  refhictive  energy  diminishes  ;  and  hence  a  very  curious  consequence  follows,  viz,  that  in  tbe 
two  cases  last  mentioned  it  vanishes  altogether  for  those  colours  where  the  rings  are  infinite ;  in  other  words, 
that  although  the  crystal  be  doubly  refractive  for  all  the  other  coloured  rays,  there  is  one  particular  ray  in  the 
spectrum  {viz.  the  indigo  in  the  former,  and  the  yellow  in  the  latter  case)  with  respect  to  which  its  refraction  is 
single.  In  the  passage  through  infinity,  there  is  generally  a  change  of  sign.  In  the  instances  in  question  this 
change  takes  place  in  the  value  of  c  or  t*  —  r*,  which  passes  from  negative  to  positive.  And  the  spheroid  of 
double  refraction  changes  its  character  accordingly  from  oblate  to  prolate,  passing  through  the  sphere  as  its 
intermediate  state.  The  manner  in  which  this  may  be  recogpiised,  without  actually  measuring,  or  even  perceiving 
its  double  refraction,  will  be  explained  further  on. 

For  crystals  with  two  axes  we  have  only,  at  present,  the  ground  of  analogy  to  go  upon  in  applying  the 
above  formula  and  phraseology  to  their  phenomena.  The  general  fact  of  an  intimate  connection  of  the  double 
refiracting  energy  with  the  dimensions  of  the  rings,  is  indeed  easily  made  out ;  for  it  is  a  fact  easily  verified  by 
experiment,  that  aU  crystals^  tohether  with  one  or  two  axes,  in  which  the  rings  or  lemniscates  fr>rmed  are  of 
small  magnitude  in  respect  of  the  thickness  of  the  plaie  producing  thern^  are  povoerfuUy  double  refractive^ 
and  vice  versd  ;  and  that,  generally  speaking,  the  separation  of  the  onlinary  and  extraordinary  pencils  is,  aeteris 
paribus,  greater  in  proportion  as  the  rings  are  more  close  and  crowded  round  their  poles.  In  uniaxal  crystals, 
in  which  the  laws  of  double  refraction  are  comparatively  simple,  there  is  little  difficulty  in  submitting  the  point 
to  the  test  of  direct  experiment  and  exact  measurement,  and  it  is  found  to  be  completely  verified.  In  biaxal, 
however,  such  precise  and  direct  comparison  is  more  difficult,  and  calls  for  a  knowledge  of  the  general  laws  of 
double  refraction.  The  analogy,  however,  supported  by  the  general  coincidence  above  mentioned,  is  too  strong 
to  be  refused ;  and,  as  we  advance,  will  be  found  to  gain  strength  with  every  step. 
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Ligl^t  section,  the  nearest  approximation  to  Newton's  scale  of  colours  is  obtained  by  assuming",  for  the  origin  of  the 
^^-■N'*^*^  scale,  not  the  poles  themselves,  but  other  points  (which  have  been  called  mrlual  poles,  though  improperly)  lyin^  ' 
either  between  or  beyond  them,  according  to  the  crystal  examined,  and  at  a  distance  from  them,  hiTft- 
riable  for  each  species  of  crystal,  whatever  be  the  thickness  of  the  plate.  In  consequence,  the  poke 
themselves  are  not  absolutely  black,  but  tinged  with  colour ;  and  their  tint  descends  in  the  scale  as  the  thickncn 
of  the  plate  increases,  and  as,  in  consequence,  one,  two,  or  more  orders  of  rings  intervene  between  them  and  thcF 
points  from  which  the  scale  originates.  These  points  are  observed  to  lie  between  the  poles  in  all  crystals  which 
hive  the  blue  axes  nearer  than  the  red,  such  as  Rochelle  salt,  borax,  mica,  sulphate  of  magnesia,  topas ;  mad 
beyond  them  for  those  in  which  the  red  axes  include  a  less  angle  than  the  blue,  as  sulphate  of  baryta,  nitra^' 
arragonite,  sugar,  hyposulphite  of  strontia;  and  this  fact,  as  well  as  the  constancy  of  their  distance  from  tbb 
poles  when  the  thickness  of  the  plate  is  varied,  renders  their  origin  evident  In  fact,  since  the  violet  rings  are 
smaller  than  the  red,  if  the  centre  about  which  the  former  are  described,  instead  of  being  coincident  with  that 
of  the  latter,  be  shifted  in  either  direction,  carrying  its  rings  with  it,  some  one  of  the  violet  rings  will  neceasarUj 
be  brought  up  to,  and  fall  upon  a  red  ring  of  the  same  order ;  and  the  same  holding  good  with  the  intermediate 
rays,  provided  the  law  which  determines  the  separation  of  the  different  coloured  axes  be  not  very  different  fitan 
that  which  regulates  the  dimensions  of  the  rings  of  corresponding  colours,  the  point  of  coincidence  of  a  rad 
and  violet  ring  of  the  same  order  will  be  nearly  that  of  a  red  aifd  green,  or  any  intermediate  colour.  The  tinft^ 
then,  at  this  point  will  be  either  absolutely  black,  (if  they  be  dark  rings  which  are  thus  brought  to  coincidence,) 
or  white,  if  bright ;  and  from  this  point  the  tints  will  reckon  either  way  with  more  or  less  exactness,  aooofd- 
ing  to  the  same  scale  which  would  have  held  good  had  the  points  of  coincidence  been  the  poles  themaelTsau 
Should,  however,  the  two  laws  above  mentioned  differ  very  widely,  an  uncorrected  colour  will  be  left  at  tha 
point  of  nearest  compensation,  just  as  happens  when  two  prisms  whose  scales  of  dispersion  are  dissimilar  are 
employed  to  achromatise  each  other.  To  what  an  extent  the  disturbance  of  the  Newtonian  scale  of  tints  may 
be  carried  by  this  and  the  other  causes  already  explained,  the  reader  may  see  by  turning  to  the  table  of  tinta 
exhibited  by  Rochelle  salt  in  Phil,  Trans.  1820,  part  i. 

925.  We  come  next  to  consider  the  law  of  the  intensity  of  the  illumination  of  the  rings  in  different  parts  of  their 
Two  suppo-  periphery  ;  but  this  part  of  their  theory  will  require  us  to  enter  more  fundamentally  into  the  mode  in  whidi  their 
*h  *^"*a!!*  %  formation  is  effected,  and  to  examine  what  modifications  the  polarized  ray  incident  on  the  crystallized  plate 
actioD  of  ^  undergoes  in  its  passage  through  it,  so  as  to  present  phenomena  so  totally  different  ;from  those  which  it  would 
crystals  in  ^'*^^^  offered  without  such  intervention.  It  is  evident  then,  first,  that  since  the  ray,  if  not  acted  on  by  the  plate^ 
t'orming  the  would  have  been  entirely  stopped  by  the  second  tourmaline,  but,  when  so  acted  on,  is  partially  transmitted  so  aa 
rings.          to  exhibit  coloured  appearances  of  certain  regular  forms ;  that  the  crystallized  plate  must  have  either  destroyed 

altogether  the  polarization  of  that  part  of  the  light  which  is  thereby  enabled  to  penetrate  the  second  toarmaluM^ 
or,  if  not,  must  have  altered  its  plane  of  polarization,  so  as  to  allow  of  a  partial  transmission.     Between  these 
Doctrine  of  two  suppositions  it  is  not  difficult  to  decide.     Were  the  portion  of  light  which  passes  through  the  second  toanna- 
^^^^'h'^°  line  and  forms  the  rings  wholly  depolarized^  that  is,  restored  to  its  original  state  of  natural  light,  since  the 
consi  ered.  r^uij^incieji^  {^^  complement  to  unity,  which  continues  to  be  stopped  by  the  tourmaline,  retains  its  state  of  polarisa- 
tion unaltered,  it  is  evident,  that  each  ray  at  leaving  the  crystallized  plate  would  be  composed  of  two  portion^ 
one  unpolarized  (=:  A),  the  other  (=  1  —  A)  polarized.     Of  these,  the  half  only  of  the  first  (J  A)  would  be 
transmitted  by  the  second  tourmaline.     Now,  suppose  this  to  be  turned  round  in  its  own  plane  through  any 
angle  (=  a) from  its  original  position,  then  the  unpolarized  portion  will  continue  to  be  half  transmitted;    and 
the  polarized,  being  now  partially  also   transmitted,  (in  the  ratio  of  sin'  a  :  1,)  will  mix  with  it,  so  that  the 
compound  beam  will  be  represented  by 

J  A  -f  (1  —  A)  .  sin*  o  =  sin«  a  -f-  -—  .  cos  2  o. 

Now,  if  we  suppose  a  to  pass  in  succession,  through  the  values  0,  45^  90°,  135°,  180°,  Ac,  this  will  become 
respectively  ^  A,  i^,  1  —  i^  A,  J,'  J  A,  &c.  Hence,  at  every  quarter  revolution  the  tints  ought  to  change  ftom 
those  of  the  reflected  rings  to  those  of  the  transmitted,  the  complements  of  the  former  to  white  li^ht ;  and  at 
every  half  quarter  revolution  no  rings  at  all  should  be  seen,  but  merely  an  uniformly  bright  field  illuminated 
with  half  the  intensity  of  light  which  would  be  seen  were  the  second  tourmaline  altogether  removed. 

926.  But  the  phenomena  which  actually  take  place  are  very  different.     At  the  alternate  quadrants,  it  is  true,  the 
Phenomena  complementary  rings  are  produced,  and  the  appearance  is  as  represented  in  fig.  188.     The  black  cross  is  seen 
of  the  com-  changed  into  a  white  one ;  the  dark  parts  of  the  rings  are  become  the  bright  ones  ;  the  green  is  changed  into 
nn«r"  "^  ''^^'  *"^  *^®  '^  ^"^^  green,  &c.  j  so  that  if  we  were  to  examine  no  farther,  the  fact  would  appear  to  agree  with 
Fig.  188.     ^^  hypothesis.     But  in  the  intermediate  half  quadrants,  this  agreement  no  longer  subsists.     Instead  of  a  uni- 
formly illuminated  field,  a  compound  set  of  rings,  consisting  of  eight  compartments,  alternately  occupied  by 
the  primary  and  complementary  set,  is  seen,  presenting  the  appearance  of  fig.  191,  and  which  is  further  described 
in  Art.  935. 

927.  The  phenomena  then  are  incompatible  with  the  idea  of  depolarization.  It  remains  to  examine  what  account  can 
Hypothesis  be  g^ven  of  them  on  the  supposition  of  a  change  of  polarization  operated  by  the  plate ;  and  here  we  must 
**f  *  twi"^  remark  in  limine^  that  this  cause  is  what  in  Newton's  language  would  be  termed  a  vera  causa,  a  cause  actually 
lion***     "'  ^^  existence ;  for  we  have  already  seen  that  every  ray,  whether  polarized  or  not,  traversing  a  double  refiracting 

medium  in  any  direction,  except  precisely  along  its  axis,  is  resolved  into  two,  polarized  in  opposite  planes.  When 
the  incident  ray  is  polarized,  these  portions  (generally  speaking)  differ  in  intensity,  and  though,  owing  to  the 
parallelism  of  the  plate  they  emerge  superposed,  their  polarization  is  not  the  less  real,  and  either  of  them  may  be 
suppressed,  and  the  other  suffered  to  pass,  by  receiving  them  on  a  tourmaline  properlv  situated.     This  is  ao  far 
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uniaxal  crystal,  haying  its  axis  perpendicular  to  the  plane  of  the  plate,)  is  to  be  placed  on  ihn  fwiaf  ItMM  ^ 
across  the  aperture,  and  being  adjusted  so  as  to  have  its  axis  directed  precisely  along  the  axis  of  the  tnbe  whM  ^ 
the  vernier  of  D  reads  off  zero,  which  is  readily  performed  by  the  various  adjustments  belonging  to  the  fivn^ 
aF  abuve  described,  the  instrument  is  ready  for  use.     The  attainment  of  this  condition  may  be  known  hj  I 
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the  tube  C  on  the  tube  A  B  as  an  axis,  when  the  extraordinary  image  of  the  aperture  P,  seen  throogh  a  doriiiy 
refracting  prism,  ought  to  vanish  in  the  zero  position  of  the  vernier  K,  and  not  be  restored  hi  any  put  of  tha 
rotation  of  the  tube ;  for  it  is  manifest,  that  the  axis  is  the  only  line  to  which  this  property  belongs  or  to  which 
all  the  rings  are  symmetrical.  It  is  then  evident,  that,  however  the  parts  of  the  apparatus  be  disposed,  lal;  the 
reading  off  of  the  vernier  D  will  give  the  angle  of  incidence  on  the  plate  ;  2d,  that  of  the  vernier  B^  theai^ 
made  by  the  plane  of  incidence  with  the  plane  of  primitive  polarization  ;  3d,  that  of  the  vernier  c  wQl  hidieirii 
the  angle  included  by  any  assumed  section  of  the  crystallized  pAate  perpendicular  to  its  plane  with  the  |riane  of 
incidence ;  and,  lastly,  that  the  reading  of  the  vernier  K  will  give  the  angle  between  the  plane  of  primitifv  pdari- 
zation  and  the  principal  section  of  the  doubly  refracting  prism. 

Suppose  now  we  adjust  the  vernier  B  to  zero,  it  will  then  be  found,  that  however  the  plate  E  be  situated,  er 
whatever  be  the  incidence  of  the  ray,  only  the  ordinary  image  will  be  seen  (being  white,)  the  extraonfinary  bcfai^ 
extinguished  (or  black.)  In  this  case  we  traverse  the  system  of  ring^  in  the  direction  of  the  vertical  arm  of  the 
black  cross,  fig.  185,  of  the  primary,  and  the  white  one  of  the  complementary  set,  see  fig.  188.  Hie  phenomcBi 
are  the  same  if  we  set  the  vernier  B  to  90°,  and  then  turn  the  frame  E  on  its  axis,  thus  varying  the  incidenee  m 
a  plane  at  right  angles  to  that  of  primitive  polarization,  or,  which  comes  to  the  same  thing,  traversing  the  rings 
along  the  horizontal  arm  of  the  black  and  white  crosses.  In  intermediate  positions  of  the  vernier  B,  we  tntvene 
the  rings  along  a  diameter,  making  an  angle  witli  vertical  equal  to  the  reading  of  the  vernier.  In  this  ease  the 
two  images  of  P  are  both  visible,  and  finely  coloured  ;  the  extraordinary  image  presenting  the  tint  of  the  prima; 
rings  due  to  the  particular  angle  of  incidence  indicated  by  the  vernier  D  ;  the  ordinary,  that  of  the  comple* 
mentary  system  corresponding  to  the  same  angle.  The  colours  of  the  two  images  are  thus  seen  in  circmnstnea 
the  most  favourable,  being  finely  contrasted  and  brought  side  by  side,  so  as  to  be  capable  of  the  nicest  compariioi. 
It  is  when  the  vernier  D  reads  45°,  or  the  plane  of  incidence  is  45°,  inclined  to  that  of  primitive  polarintioi^ 
that  the  contrast  of  the  two  images  is  at  its  maximum,  the  tints  in  the  extraordinary  image  being  then  moil 
vivid,  and  those  in  the  ordinary  free  from  any  mixture  of  white  light.  In  general,  if  A  represent  the  ligiitaf 
the  extraordinary  image  in  the  position  above  mentioned,  and  a  the  angle  read  off  on  the  vernier  B,  in  any  other 
position  of  the  plane  of  incidence,  the  two  images  in  this  new  position  (for  the  same  angle  of  inddenoe)  wiD  be 
represented  respectively  by 

A .  (sin  2  a)S  and  1  -  A  (sin  2  a)« 
that  is,  by  A  .  (sin  2  a)».  and  (cos  2  «)«  +  (1  -  A)  .  (sin  2  a)\ 

The  former  of  these  expressions  indicates  a  ray  whose  tint  is  represented  by  A,  and  its  intensity  by  (sin  8a)';  the 
latter,  a  compIemenUry  tint  1  —  A  of  the  same  intensity,  diluted  with  a  quantity  of  white  light,  whose  intcsBty 
is  represented  by  (cos  2  a)*. 

These  expressions  represent  with  great  fidelity  the  tints  of  both  images,  the  intensity  of  the  extraordinary,  adi 
the  apparent  degree  of  dilution  of  the  ordinary  one ;  and  since  a  ray  A  polarized  in  a  plane  making  an  wa^  8« 
with  the  principal  section  of  the  doubly  refracting  prism,  would  be  divided  between  the  extraordinary  andotdiairj 
image  in  the  ratio  of  (sin  2  a)' :  (cos  2  «)»,  it  follows,  that  if  we  regard  the  pencil  at  its  emergence  ftom  the  cry- 
stallized plate  as  composed  of  two  portions,  one  (=  A)  polarized  in  the  above  named  plane,  the  other  (^  1  -  A) 
preserving  its  primitive  polarization,  the  two  pencils  formed  by  the  doubly  refracting  prism  will  be  composed 
as  follows: 

Extraordinary  image.  Ordinary  image. 

1st.  From  the  pencil  A A  (sin  2  o)«  A .  (cos  2  a)* 

2d.   From  the  pencil  (1  -  A) 0  1  -  A 

Sum   A  (sin  2  a)* 


office  of  the  which  are  identical  with  those  above. 


doubly 
refracting 
prism  or 

tourmaline. 
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I  -  A  +  A.  cos2a* 
=  1  -A.  (sin24i)» 
Thus  we  see,  that  the  facts  are  so  for  perfectly  conformable  to  M.  Biot's 


hypothesis  of  movable  polarization,  and  that  we  are  even  necessitated  to  admit  it,  provided  we  take  U  fir 
granted,  that  the  rings  exist  actually  formed  and  superposed  in  the  pencil  emergent  from  the  crystallized  lamina^ 
and  that  the  office  of  the  doubly  refracting  prism  is  merely  to  analyze  the  emergent  pencil,  and  separate  the  tW9 
sots  from  each  other.  But  if  the  objection  mentioned  above  against  that  doctrine  be  really  well  founded,  this 
assumption  cunnot  be  correct,  and  we  are  then  driven  to  conclude,  that  the  doubly  refracting  prism,  or  toannt- 
line,  or  glass  reflector,  interposed  between  the  eye  and  the  crystallized  plate,  performs  a  more  important  ofRee 
than  merely  to  separate  the  tints  already  formed;  and  that,  in  fact,  they  are  actually  produced  by  its  action, — die 
CTj'stallizefl  plate  only  preparing  the  rays  for  the  process  they  are  here  finally  to  undergo. 

To  explain  how  this  may  be  conceived  to  happen  will  form  the  object  of  another  Section.  Meanwhile  wewiH 
here  only  add,  that  the  transition  from  uniaxal  to  biaxal  crystals  is  readily  made.  We  have  only  to  consider,  thit 
by  varying  the  angle  of  incidence,  (the  line  bisecting  the  angle  between  the  optic  axes  being  supposed  perpen* 
dicular  to  the  plane  of  the  plate,)  we  cross  the  rings  in  a  line  passing  through  their  centre  of  symmetry  O,  fig.  183, 
and  makincr  an  ancle  with  their  nrincinal  diameter  PP',  eaual  to  the  angle  read  off  on  the  vernier  B,  and  thil 
Dy  tunimg  the  plate  in  its  own  plane,  or  varj'ing  the  angle  read  off  by  the  vernier  c,  we  in  effect  make  the  system 
traversed  pass  through  the  successive  states  represented  in  fig.  179,  180,  ISl,  182,  changing,  not  the  tint,  but 
the  intensity  of  the  extraordinary  image. 
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When  the  doubly  refractiDg^  prism  is  turned  in  its  cell,  the  tints  grow  more  dilute,  and  when  placed  in  an    p„t  iv. 
"   aiimuth  «^  that  is,  when  its  principal  section  is  placed  in  the  plane  of  incidence,  both  images  are  colourless,  but  v_^^-^' 
nf  unequal  brightness.     This  accords  with  M.  Biot*s  doctrine  of  movable  polarization  ;  for  if  we  grant  that  the       934. 
peocil  A  is  polarized  in  a  plane  making  an  angle  2  a  with  that  of  primitive  polarization,  it  will  make,  now,  an  Effect  of 
angle  =:  a  with  that  of  the  principal  section  of  the  prism,  and  A  .  (sin  a)«  will  be  that  part  of  the  extraordinary  turning  the 
mmge  arising  from  the  pencil  A ;  on  the  othei  hand,  the  pencil  1  —  A  retaining  its  original  polarization,  PHP^  *°  *^ 
( 1  —  A)  •  sin  a*  will  be  the  portion  of  the  extraordinary  image  produced  by  it  in  the  new  position  of  the  prism, 
•ad  the  sum,  or  the  whole  image,  will  be  simply  1   x  sin  a',  which  being  independent  of  A,  or  of  the  tint, 
indicmtes  that  the  image  is  colourless.     In  the  same  manner  it  may  be  shown,  that  the  ordinary  image  will  equal 
1  X  COB  •*,  and  their  intensities  will,  therefore,  be  to  each  other  as  sin  a*  to  cos  u\  and  will  be  equal  at  45°  of 
irimnth ;  all  which  is  conformable  to  fact. 

The  motion  of  the  prism  in  its  cell  corresponds  to  a  rotation  of  the  posterior  tourmaline  in  its  own  plane  in       935. 
the  tourmaline  apparatus.     The  general  appearance  presented  by  the  rings  of  a  single  axis,  when  this  rotation  is  Effect  of 
not  a  precise  quadrant,  is  represented  in  fig.  191,  and  the  succession  of  changes  being  as  follows  :  At  the  first  |"J|JIJJ2-/*** 
eommencement  of  the  rotation  the  arms  of  the  black  cross  appear  to  dilate  ;  they  grow  at  the  same  time  fainter,  ^^^^  00 
and  segments  of  the  complementary  rings  appear  in  them,  whose  bright  intervals  correspond  to  the  dark  ones  of  etch  other. 
the  prunary  set,  their  red  to  the  green  portions  of  that  set,  and  vice  vend.     The  junction  of  the  two  sets  is  marked  Fig.  19]. 
by  a  faint  white  or  undecided  tint.  As  the  rotation  proceeds,  the  primary  segments  contract  in  extent,  and  become 
more  diluted  with  white,  while  the  secondary  extend,  and  grow  more  decided  ;  at  the  same  time  the  centre  of  the 
system  grows  gradually  bright,  and  when  the  rotation  has  attained  90^,  the  whole  has  assumed  the  appearance 
^n  fig.  188.     The  phenomena  are  precisely  analogous  in  the  rings  of  biaxal  crystals.     The  least  deviation  from 
^oaet  rectangularity  in  the  tourmalines  gives  rise  to  complementary  seg^ments  in  the  dark  hyperbolic  curves 
.^niwering  to  the  arms  of  the  black  cross,  and  to  a  corresponding  dilution  and  contraction  of  the  primary 
^Mgments,  which  at  last  disappear  altogether  in  the  undistinguishable  whiteness  of  a  pair  of  white  hyperbolas 
precisely  similar  to  the  black  ones  of  the  primary  rings  in  their  perfect  state. 

Hitherto  we  have  considered  the  rings  as  so  narrowed  by  the  thickness  of  the  plate,  as  to  be  all  contracted      936. 
-vntfaui  a  compass  round  the  poles  which  the  eye  can  take  in  at  once ;  but  if  the  thickness  be  greatly  diminished,  P°^,Pf^' 
^^his  will  no  longer  be  the  case  ;  and,  instead  of  rings  of  a  distinguishable  form,  we  shall  see  only  broad  bands  ^^^\J^ 
<^3r  colour  extending  to  great  distances  from  the  poles,  and  even  visible  when  the  axes  themselves  are  so  much  ^^^^  ^t 
4iaclined  to  the  surfaces  of  the  plate  as  to  be  quite  out  of  sight ;  or  even  when  the  axes  actually  lie  in  the  plane  great  dia- 
<3i  the  plate.     This  is  the  case  with  the  laminse  into  which  sulphate  of  lime  readily  splits ;  the  axes  lie  in  their  tances  from 
.^iNi,  SO  that  to  see  the  rings  in  them,  we  must  form  artificial  surfaces  perpendicular  to  the  lamina,  a  difficult  ^^^  ''^'- 
<Aiid  troublesome  operation,  firom  the  extreme  softness  and  fissile  nature  of  the  substance.     The  phenomena  of 
tht  colours  of  this  crystal  were  early  studied,  and  almost  of  necessity  misconceived,  till   Dr.  Brewster,  by 
^EXhibituig  the  real  axes,  showed  that  they  form  only  a  particular  case  of  the  general  phenomenon  we  have  already 
^Wttlton. 

Adhering  to  the  denominations  employed  in  Art.  865 — 888,  let  us  call  the  plane  containing  the  two  axes,  the      937. 


A  ;  that  perpendicular  to  it,  aiid  passing  through  the  line  which  bisects  the»r  lesaer  included  angle,  the  I^wwniena 
■■^>iui»  B ;  and  that  which  similarly  passes  through  the  line  bisecting  their  greater  included  angle,  and  is  perpen-  Jj^j*  ^^^^^ 
Aeiilar  to  both  the  others,  the  section  C.     If  the  crystal  have  but  one  axis,  the  sections  A  and  B  pass  through  it. 


C  is  at  right  angles  to  it     Then  if  the  lamina  contains  both  axes,  its  plane  will  be  that  of  the  section  A,  and 
the  other  two  sections  will  intersect  it  in  two  lines  (B  and  C)  at  right  angles  to  each  other.     Conceive,  now,  a 
polarised  ray  to  pass  through  such  a  lamina  at  a  perpendicular  incidence.     Then  if  the  plane  of  polarization 
coincide  with  either  of  the  sections  B  and  C,  its  polarization  will  be  undisturbed,  and  the  whole  of  the  trans- 
mitted light  will  pass  into  the  ordinary  image.     But  if  the  plate  be  turned  round  in  its  own  plane,  the  extra- 
ordinary image  will  reappear  and  become  a  maximum  at  every  45°  of  the  plate's  rotation ;   and  if  it  be  suffi- 
ciently thin,  will  exhibit  some  one  of  the  colours  of  the  rings,  and  the  tints  will  descend  regularly  in  the  scale  as 
the  tldckness  is  increased,  the  thickness  being  a  measiwe  of  the  tint,  conformably  to  the  general  law  in  Art.  907, 
of  which  this  is  only  a  particular  case. 

When  two  such  plates  are  laid  tog^ther^  with  their  sections  B  and  C  corresponding,  it  is  evident  that  they  are       938. 
i&  the  same  relation  as  if  they  formed  part  of  one  and  the  same  crystal ;  and  we  might  therefore  expect  to  find  Phenomena 
vhei  really  happens,  viz,  that  such  a  compound  plate  polarizes  the  same  tint  that  a  single  plate  equal  to  the  sum  pjj^j*^ 
of  the  thidcnesses  would  do.     But  if  they  be  crossed,  t.  e.  laid  so  together  that  the  section  B  of  the  one  shall  perpendicu- 
coiiieide  with  the  section  €  of  the  other,  M.  Biot  has  shown  that  the  tint  polarized  is  that  due  to  the  difierence  lar  mci- 
[     ^  their  thicknesses.     If,  therefore,  this  difierence  be  exactly  nothing,  the  crossed  plates  will  be  exactly  neutra-  dence. 
;      'iiad*  at  least  at  a  perpendicular  incidence,  and  that  whatever  be  their  thickness.     (To  procure  two  plates  of 
I     'Kiietly  the  same  thickness,  we  have  only  to  choose  a  clear  and  truly  parallel  plate  terminated  by  fresh  surfaces  of 
^■■Upe,  and  break  it  across.) 

^Vhea,  however,  the  incidence  is  not  perpendicular,  such  a  compound  plate  as  described  will  still  exhibit  colours       939. 
•hijdi  vary  in,  apparently,  a  very  irregular  manner  as  the  incidence  changes,  and  with  different  degrees  of  ^1* ^JjJ"*^* 
■H^idity  in  different  planes.     The  tourmaline  apparatus  here  renders  signal  service  in  rendering  the  law  of  these  incidence*^. 
"tta»  at  first  sight  extremely  puzzling,  a  matter  of  inspection.    When  such  a  crossed  plate  is  placed  between  the 
^^Uaaualmes,  crossed  at  right  angles,  it  exhibits  the  singularly  beautifiil  and  striking  phenomenon  represented  in 
Ab«  198,  in  which  the  tints  are  those  of  the  reflected  scale  of  Newton,  the  origin  being  in  the  black  cross.     If  the  y\^^  192. 
tMOmalines  be  parallel,  the  complementary  colours  are  produced  with  equal  regularity,  as  in  fig.  193.     If  the  Pig.  193. 
^^iiifioimd  crystal  be  turned  round  in  its  own  plane,  the  figures  turn  with  it,  but  undergo  no  change  other  than 
^S^  nkemation  of  intensity,  being  at  a  maximum  of  brightness  when  the  arms  of  the  cross  are  parallel  and 
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^  ^5^^-      perpendicular  to  the  plane  of  original  polarization,  and  vanishing  altogether  when  they  make  angies  of  4y  with  1^ 
^'^>^^^  that  plane.     If  the  plates  be  not  crossed  exactly  at  right  angles,  or  1^  not  precisely  of  equal  thickneiik  oths^^ 
phenomena  arise  which  it  is  easier  for  the  reader  to  produce  for  himself  than  to  read  a  detailed  account  of.    Tbe 
same  may  be  said  of  the  very  splendid  but  complicated  phenomena  produced  by  crossing  two  cquaQy  tUd 
plates  of  biaxal  crystals,  such  as  mica,  topaz,  &c.  having  the  section  A  at  right  angles  to  their  surfaces. 

940.  Regarding,  however,  at  present  only  the  tint  produced  at  a  perpendicular  incidence,  it  is  found  that  when  ay 
J^w  of  number  of  plates  of  one  and  tlie  same  medium,  of  any  thicknesses,  are  superposed  with  their  homologous  lectioiiB 
11°^/*°"°^  corresponding,  the  tint  polarized  is  that  due  to  the  sum  of  their  thicknesses ;  but  when  any  one  or  more  of  them 
Jerposition  ^^^^  ^^^^^  sections  B  and  C  at  right  angles  to  the  homologous  sections  of  the  others,  the  tint  is  that  doe  to  tk 
uf  similar  sum  of  the  thicknesses  of  those  placed  one  way,  minus  the  sum  of  those  of  the  plates  placed  the  other 
plates.         way.     In  algebraical  language,  if  we  call  U  i\  t"y  &c.  the  thicknesses,  and  rtgard  as  negative  those  of  die  phln 

laid  crosswise,  the  tint  T  polarized  by  the  system  will  be  that  due  to  the  thickness  <  -f"  ^  +  ^'  +  **• 

941.  When  the  ray  is  made  to  traverse  a  plate  of  quartz,  zircon,  carbonate  of  lime,  or  any  other  uniaxal  crystal  cot  m 
^^  ^^ftd"^  ^  *°  contain  the  axis  of  double  refraction,  the  same  law  of  the  tints  holds  good,  the  tint  T  being  proporttoml  Id 
Ey  dhu^  ^^^^  thickness  t  of  the  plate,  and  for  any  given  plate  we  have  T  =  kt,  k  being  a  constant  depending^ on  the natoR 
milar  plates  ^^  ^^^  plate.     Now,  if  several  plates  of  different  uniaxal  crystals  be  superposed,  of  which  <,  <',  &c.  are  the  tlii€k> 

nesses,  and  if  a  negative  value  of  t  be  supposed  to  denote  a  transverse  position  of  the  axis  of  the  plate,  the 
resultant  tint  will  be  represented  by 

T=zkt  +  l/e+k^i!'  +  &C. 

942.  In  this  equation,  if  the  plates  be  all  of  one  substance,  k,  if,  &c.  are  all  alike ;  but  if  they  be  <liftrent,  k  n 
Opposite  to  be  regarded  as  a  negative  quantity  for  all  such  crystals  as  belong  to  M.  Biot*s  repulsive  class,  (Art  803»)  mck 
pialcs  of  ^^  carbonate  of  lime ;  and  positive  for  all  such  (quartz,  for  instance)  which  belong  to  his  attractive  daai.  Tbm, 
positive  and  ^^^''  ^^^^^  ^^  ^^^  above  equation  may  change  its  sign  from  two  causes,  either  from  a  change  ia  the  nftture  of  tht 
negative       crystal,  or  from  a  change  of  90°  in  its  azimuth. 

crystals.  The  above  is  only  a  particular  case  of  a  more  general  law  which  may  be  thus  announced, — The  tint  mitimMg 

.943.  produced  is  proportional  to  the  interval  of  acceleration  or  retardation  of  the  ordinary  ray  on  the  exiraordumif, 
\'aw^^^       °f^^  ^rflr<'r»i/ig'  the  whole  system ;  the  partial  acceleration  or  retardation  in  each  plate  being  proporticnai  to fle 


length  of  the  path  described  within  the  plate,  multiplied  by  the  squareof  the  sine  of  the  angle  which  the 
ray  makes,  internally,  with  the  optic  axis  of  the  plate,  if  it  have  but  one  axis,  or  to  the  product  of  the  Mtnm  of  Us 
inclination  to  either,  if  it  have  two;  and  this  law  holds  good  for  all  positions  of  the  plates,  and  all  amqge- 
ments  of  them  one  among  the  other.  Thus  (to  instance  its  application)  in  the  case  of  two  similar  and  eqnl 
plates  crossed  at  right  angles ;  by  the  laws  of  polarization,  the  ray  which,  afler  its  transmission  through  the  lint 
plate  is  ordinary,  is  refracted  extraordinarily  by  the  second,  and  viceversd ;  thus  the  two  rays,  on  cnterinf^the  secoad 
plate  exchange  velocities ;  and,  therefore,  when  finally  emergent,  since  the  thickness  of  the  second  is  equal  to 
that  of  the  first,  the  one  ray  will  have  lost  ground  on  the  other  in  its  second  transmission  just  as  much  as  it 
gained  it  in  its  first ;  and  thus  the  interval  of  retardation  and  the  tint  will  be  reduced  to  nothing. 

944.  From  this  it  appears,  that  if  two  uniaxal  plates  cut  at  right  angles  to  the  axis  be  superposed,  and  adjolid 
Supcq>osi-  so  as  to  have  their  axes  precisely  coincident,  the  system  of  rings  will  have  their  diameters  diminished  if  the 
iibtes^cut  at  P'***^  ^  ^^^^  attractive  or  both  repulsive  ;  but  enlarged,  if  their  characters  be  opposite.  The  experiment  h 
right^uigles  ''^^^^^  delicate  ;  but  if  made  with  care,  placing  the  plates  on  one  another  with  soft  wax,  and  adjusting  tbdr 
to  their        surfaces  by  pressure  to  the  exact  position,  it  succeeded  perfectly  in  the  hands  of  Dr.  Brewster. 

Hxes.  This  affords  a  means,  independent  of  any  measurement  of  the  separation  of  the  ordinary  and  extraofdinaiy 

945.  pencils,  of  ascertaining  whether  an  uniaxal  crystal  be  attractive  or  repulsive ;   for  if  its  rings  be  dilated  h^ 
Method  of    combining  it  with  a  thin  plate  of  carbonate  of  lime,  cut  at  right  angles  to  the  axis,  it  is  positive  ;    if  contracted, 
wheiher'a"^  negative.     A  simpler  and  readier  method  still  is  to  fasten  on  a  plate  of  the  substance  under  examination,  so  cut 
( rystal  be     ^^  ^^  show  the  rings,  a  plate  of  sulphate  of  lime  of  moderate  thickness,  and  then,  interposing  it  between  tiie 
positive  or    tourmalines,  to  turn  it  about  in  its  own  plane.     A  position  will  be  found  where  the  rings  are  unaltered.    In  thif 
negative,      situation  the  section  B  or  C  of  the  sulphate  of  lime  is  in  the  plane  of  primitive  polarization.     If  the  con- 
pound  plate  be  turned  45°  from  this  situation,  it  will  now  be  observed  (if  the  thicknesses  of  the  two  plates  be 
properly  proportioned)  that  the  rings  in  two  opposite  quadrants  are  entirely  obliterated  ;  and  that  in  the  odier 
two  they  are  removed  to  a  much  greater  distance  from  the  centre,  forming  segments  of  larger  circles,  much  ck«r 
together ;    and  in  which  the  tints,  instead  of  commencing  from  the  centre,  commence  firom  a  black  intenral 
between  two  adjacent  white  rings  in  the  midst  of  the  system,  and  thence  descend  in  the  scale  both  inwards  ud 
outwards.      In  this  state  of  things,  the  position  of  the  sulphate  of  lime,  with  respect  to  the  tourmalines, 
must  be  carefully  noted;  and  the  crystallized  plate  being  detached,  a  plate  of  carbonate  of  lime^  (perpendicnlir 
to  its  axis,)  or  of  any  other  known  uniaxal  crystal,  must  be  substituted  for  it;    and  the   sulphate  of  Ihae 
replactd  in  the  same  position.     If,  then,  it  be  found,  that  the  same  two  quadrants  of  the  rings  are  obliterated  ii 
this,  as  in  the  former  case,  and  the  new  set  of  rings  in  the  other  quadrants  be  also  similarly  situated,— tbei 
the  crystal  examined  is  of  the  same  character  as  the  carbonate  of  lime,  or  other  crystal  used  as  a  standard  of 
comparison ;  but  if,  on  the  other  hand,  the  quadrants  where  the  rings  were  obliterated  in  the  former  ease  bt 
those  where  the  new  rings  are  fonned  in  the  latter,  then  the  characters  of  the  two  substances  are  opposite.    If 
the  crystallized  plate  be  too  thin,  or  of  too  feeble  polarizing  power  to  exhibit  these  phenomena  with  neeessaiy 
distinctness,  we  must  place  it  in  azimuth  45°  on  the  divided  apparatus  described  in  a  former  article  (929;)  tod, 
fixing  conveniently  in  the  polarized  beam  a  very  thin  plate  of  sulphate  of  lime  also  in  azimuth  45®,  asoerttia, 
by  making  the  crystal  revolve,  whether  its  tints  have  been  raised  or  depressed  in  this  plane  by  the  action  of  tbt 
sulphate ;  then,  removing  the  crystal,  replace  it  witli  a  standard  one,  and  repeat  the  observation  without 
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i-*ght.     of  fnterfereiice  by  Ihe  production  of  coloured  fringes.     To  obviate  this  diflieiiUy«  M.  Fresnel  sawed  in  half  a   hi 

■■V'^'  rhomboid  of  Iceland  spar,  the  two  halves  of  which  must  of  necessity  have,  at  iheir  line  of  separation  and  its  ^**4 
*'^''?*"^^*  immediate  confines,  precisely  equal  thicknesses.     These  halves  he  placed  one  on  the  other,  only  turning  one       ' 
cjcpjeiimeii   g^o  j-om^j  ^^  azimuth,  so  as  to  have  their  principal  sections  at  right  ang:les.     In  this  state,  a  pencil  enteriag* 
bisected       them  nearly  at  the  intersection  of  the  planes  of  separation  vjrould  at  its  final  emerg-enee  be  divided,  not  into  four, 
rhomboid,    but  into  two  only,  (see  Art,  879,)  the  ray  ordinarily  refracted  in  the  first  half  having  nndergone  extmordinary 
refraction  in  the  second,  and  vice  versd.     The  two  rays,  therefore,  have  exchanged  velocities  and  directiofw,  in 
the  second  transmission  ;    and,  therefore,  when  emergent,  will  have  described  exactly  equal  paths  with  equal 
velocities  in  each  respectively,  and  will  difler  only  in  their  states  of  polarization,  which  will  be  at  right  angles 
to  each  other.     We   have  here,  then,  a  case  in  which  pencils  diverge  from  two  points  side  by  side-,  and  in  a 
state  in  all  other  respects  proper  for  interfering  j  nevertheless,  when  we  look  for  the  fringes  which  ought  to 
be  formed  under  such   circumstances,  (and  which  with  natural  light  would  be  seen,  see  Art.  735  and  736,) 
none  are  visible.     Their  absence,  then,  must  be  owing  to  the  opposite  state  of  polarization  of  the  inter- 
'ering  rays, 
955,  M.  Arago,  to  make  the  same  experiment,  employed  a  process  independent  of  double  refi-action.     Two  fine 

M,  Arago »g|||3  ^^,^  made  in  a  thin  plate  of  copper,  through  which  rays  from  the  common  origin  were  transmitted,  and 
^'^j^J^"^^^  *  formed  fringes  (in  their  natural  state)  when  viewed  by  an  eye  lens  m  the  manner  described,  (Art.  709.)  He 
now  prepared  two  piles  of  pieces  of  very  thin  mica,  or  films  of  blown  glass  laid  one  on  the  other,  fifteen  in 
number,  and  then  divided  this  compound  plate  in  half  by  a  sharp  !n**trument.  so  that  the  halves,  in  the  imme- 
diate neighbourhood  of  the  line  of  division,  could  not  be  otherwise  than  of  almof^t  exactly  equal  thtckne^^s. 
These  piles,  when  exposed  at  an  incidence  of  30"^  to  a  ray,  were  found  to  polarise  the  portion  transmitted 
almost  completely.  They  were  then  placed  before  the  slits  so  as  to  receive  and  transmit  the  rays  iVom  the 
luminous  point  at  precisely  that  incidence,  and  through  spots  which  were  very  near  each  otlwr  in  the  undivided 
Btate  of  the  pile.  They  were,  moreover,  so  arranged,  (being  set  on  revolving  frames,)  that  the  plane  of 
incidence  could  be  varied  (and  therefore  that  of  polarization)  by  turning  either  round  in  azimuth  without  alter- 
ing its  inclination  to  the  ray,  or  varying  the  spot  through  which  the  ray  passed.  And  it  was  then  found,  that 
when  both  piles  were  placed  so  as  to  polarize  the  rays  in  parallel  planes,  as,  for  instance,  when  both  were 
inciined  directly  downwards,  or  one  directly  down  and  the  other  directly  up— the  fringes  were  formed  as  if  the 
piles  were  iiway  ;  but  where  one  of  the  piles  was  turned  round  the  incident  ray  as  an  axis  through  90'^,  andio 
placed  as  to  polarize  the  rays  transmitted  by  it  at  right  angles  to  the  other,  the  fringes  totally  disappeared,  nor 
could  they  be  restored  by  inclining  either  pile  a  little  more  or  less  to  the  incident  ray  in  the  plane  of  incidence, 
the  ciTect  of  which  would  be  to  after  gradually  the  length  of  the  ray's  patli  within  the  pile  without  changing 
its  polarization,  and  thus,  to  compensate  any  slight  inequality  which  might  still  subsist  in  their  tliicknesses. 
In  intermediate  positions  the  fringes  appeared,  but  always  the  more  vividly  the  nearer  the  planes  of  polaxiziff 
tion  approached  to  exact  parallelism,  thus  attaining  their  maximum,  and  undergoing  total  obliteration  at  eacb, 
quadrant  of  the  rotation  of  either  pile,  (the  other  being  at  rest.) 
95fi.  A  plate  of  tourmaline  carefully  worked  to  exact  parallelism,  and  bisected,  would  answer  equally  well  with 

Twtirmaline  transparent  piles  to  polarize  the  rays  ;  but  the  tourmaline  should  be  selected  of  very  homogeneous  texture,  such 
plates  sub-  m^   ^^t  easy  to   meet   with,  though   they  maybe  found;    and  in  this  manner  the  experiment  is  perfectly  easj 
ifie'DUes,^'^  and  satisfactory.     One  half  the  tourmaline  is  fixed  over  one  aperture,  the  other  movable  in  a  cell  in  its  own 
plane  over  the  other.     The  same  phenomena  will  then  be  observed  by  turning  round  the  movable  tourmaline  m 
with  the  oblique  pile  in  the  last  experiment, 
957,  ^       An  experiment  still  more  simple,  and  equally  conclusive,  is  the  following,  of  M,  Freaiel,     He  placed  before 
M.Fresiiers  the  sheet  of  copper  (having,  as  before,  two  narrow  slitji  in  it  very  near  each  other)  a  dngk  thin  parallel  lamina 
tal"expeii-   ^^  sulphate  of  lime.     Now,  as  this  body  possesses  double  refraction,  each  pencil  would  be  divided  into  two— 
jnp„{^  an  ordinary  and  an  extraordinary  one — which,  according  as  they  emanate  from  the  right  or  lefl  hand  slit,  we 

Aimlysisof  will  term  R  o,  R  e^  and  Lo,  L«.     If  natural  light  be  used  to  illuminate  the  slits,  these  pencils  will  he  of  equal 
thtf  pola-      intensity,  but  those  marked  e  will  be  polarized  oppositely  from  those  marked  o.     We  may  then  form  four  com- 
nzednnta.    binations :    K  Ro  may  interfere  with   Lo;  2,   Rf  may 'interfere  with  Le,-    3.  RowithLe;  4.  Re  with  La 
Now  of  these,  Roand  Lo  are  similarly  polarized,  and  they  have  described  equal  paths  with  equal  velocities; 
tiierefore,  supposing  them  capable  of  interference,  they  will  give  rise  to  a  set  of  fringes  corresponding  exactly 
to  the  middle  of  the  line  joining   the  two  slits,  or,  as  we  may  express  it,  in  the  axis  of  the  apparatus.     Tht 
same  may  be  said  of  R  e  and  L  e.     These  two  sets  of  fringes  will  therefore  be  supeiposed,  and  appear  as  one  of 
double  intensity.     Again,  Ro  may  be  combined  with  L  e;  but  as  these  two  rays  have  traversed  the  sulphate  in 
different  directions  and  with  difTerent  velocities,  those  rays  of  each  pencil  which  meet  in  ihe  a^U  will  ditlcr  by 
too  many  undulations  to  produce  colour ;    and  if  the  pencils  interfere,  the  place  of  the  fringes  will,  instead  of 
the  axis,  be  shifted  towards  the  side  where  the  pencil  has  the  greatest  velocity,  (Art.  737,)   and  that  the  ny>i^ 
the  thicker  the  lamina  of  sulphate,  so  that  if  taken  of  a  proper  thickness,  this  set  of  fringes  may  l>e  removed 
entirely  out  of  the  reach  of  the  middle  set,  and  should  be  seen  independent  of  it     In  like  manner,  the  pen^  " 
R  e  may  interfere  with  L  o,  and  give  rise  to  another  set  of  lateral  fringes ;  but  as  the  ray  which  in  th^  foi 
combination  was  the  swifter,  in  this  is  the  slower,  this  set  will  lie  on  the  opposite  side  of  the  middle  set,  sup, 
posing  it  produced  at  all ;  and  thus  there  should  be  seen  three  sets  of  fringes^  one  bright^  in  the  middli 
and  two  fainter  on  either  side.     But,  in  fact,  only  one  flet  is  seen,  tJU,  the  middle  set.     Therefore  the  combine 
tion  of  the  rays  R  o  and  Le,  L  o  and  Re,  which  are  polarized  oppositely,  produce  no  fringes,  L  «.  they  do 
interfere. 

But  if  we  cut  the  lamina  in  half,  and  turn  one  half  a  quadrant  round  in  its  own  plane,  these  rays  are 
reduced  to  the  same  polarization ;  and  the  rays  R  a  and  L  o.  Re  and  L  e,  which  in  the  former  case  gave  rise 
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the  central  fringes,  ore  now  placed  in  opposite  states  of  polarization  ;  and  it  is  accordingly  found  that  the  central 
'fringes  hft%'e  disappeared  entirely,  and  that  two  lateral  sets  formed  respectively  by  R  o  and  Le,  Re  and  Lo, 
have  started  into  existence.  If  we  turn  the  lamina  slowly  round,  these  will  gradually  fade  away,  and  the  central 
reappear  and  become  brighter,  and  so  on  alternately ;  thus  affording  a  convincing  proof  of  tlie  truth  of  the 
second  of  the  laws  above  enunciated. 

The  experiment  related  by  Messrs.  Arago  and  Fresnel  in  support  of  their  third  law  in  as  follows  :  Resuming 
the  arrangement  of  Art.  955  or  956,  and  placing  the  piles  or  tourmalines  so  as  to  polarize  the  two  pencils 
oppositely,  let  a  doubly  refracting  crystal  be  placed  between  the  eye  and  the  sheet  of  copper,  with  its  principal 
section  45**  inclined  to  either  of  the  planes  of  polarization  of  the  interfering  rays.  Each  pencil  will  then  divide 
kself  by  double  retraction  into  two  of  equal  intensity,  and  polarized  in  two  planes  at  right  angles,  one  of  which 
is  the  principal  section  itself  We  ought,  therefore,  to  expect  to  see  two  systems  of  fringes,  one  produced  by 
the  interference  of  the  ordinary  ray  from  the  right  hand  aperture  (Ko)  with  that  of  the  left  (Lo,)  and  the  other 
by  that  of  R«  with  he;  yet  no  fringes  are  seen.  The  experiment  may  be  varied  by  substituting  for  the  doubly 
refracting  prism  a  tourmaline,  or  pile,  with  its  principal  section  in  azimuth  45°,  This  must  reduce  to  a  common 
fialahzattou  alt  the  rays  which  traverse  it,  viz,  the  half  of  each  pencil,  yet  no  fringes  are  seen,  and  therefore  no 
interference  takes  place. 

The  following  experiment  is  adduced  in  the  Memoir  cited  in  support  of  the  fourth  and  fifth  of  the  above 
laws.  A  lamina  of  sulphate  of  lime  is  perpendicularly  exposed  to  a  polarized  pencil  diverging  from  a  minute 
point*  and  immediately  behind  it  is  placed  a  plate  of  brass  pierced  with  two  very  small  holes  near  together. 
The  principal  section  of  the  lamina  is  to  be  placed  at  an  angle  of  45°  with  the  plane  of  primitive  polarization. 
It!  consequence,  from  each  of  the  holes  (right,  R,^ — and  left,  L)  will  emerge  a  ray  composed  of  two  equal  rays, 
Ro  and  Re,  and  Lo,  he  oppositely  polarized,  viz,  at  angles  +45*^  and  —  45°  witli  the  plane  of  primitive 
polarization,  which  we  will  suppose  vertical.  In  this  situation  of  things  a  rhomboid  of  Iceland  spar  is  placed 
between  the  two  holes,  and  the  focus  of  the  eye  lens  em[)loyed  to  view  the  fringes^  witli  its  principal  section 
vertical,  i.  e.  making  again  with  that  of  the  lamina  angles  of  45°  either  way.  Each  of  the  four  rays  then  above 
mentioned  will  be  divided  into  two  equal  raya,  an  ordinary  and  an  extraordinary,  thus  giving  rise  in  all  to  the 
eight  rays 

R o  o,  R « o  ;  L o 0,  L  e o  ;  R  o  e,  R  e e ;  hoe,  he e* 

These  rays  are  received  on  the  eye  lens^  and  conveyed  into  the  eye.     Let  us  now  examine  their  respective  route 
and  states  of  polarization. 

First,  then,  the  rays  Ro  and  Re»  after  quitting  the  lamina,  are  parallel;  and  by  reason  of  the  very  small 
thickness  of  it,  may  be  regarded  as  superposed,  being  undistinguishable  from  each  other;  but  they  have 
described  within  the  lamina  different  paths  by  different  velocities,  so  that  on  emerging  they  will  differ  in  phase, 
by  an  interval  of  retardation  proportioned  to  the  thickness  of  the  lamina,  and  which  we  will  call  d,  so  that  ct 
being  the  phase  of  the  ray  R  o,  ^ -j- d  will  be  that  of  R  e.  The  very  same  may  be  said  of  L  o  and  L  c.  More- 
over, the  two  rays  of  either  of  these  pairs  respectively  are  oppositely  polarized,  vis.  in  planes  +  45'^and  -  45° 
Horn  the  vertical.     This  we  may  represent  at  once  thus  : 
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Next,  the  portions  into  which  either  of  these  rays  is  subdivided,  in  traversing  the  rhomboid,  follow  in  their 
passtige  through  it  different  paths,  and  have  different  velocities;  but  all  which  are  refracted  ordinurily  hdLve  one 
coramon  direction  and  velocity;  and  so  of  those  refracted  extraordinarily;  hence,  between  the  ordinary  and 
extraordinary  rays  here  produced,  will  arise  a  difference  of  phase  which  we  shall  call  5,  so  that  if  s  be  the  phase 
of  any  ordinary  ray,  jt  -f-  6  will  be  that  of  the  corresponding  extraordinary  one  ;  and  their  planes  of  polarization 
will  be  opposed,  and  will  form  angles  respectively  =  0  and  90°  with  the  vertical.  Thus  the  circumstances  will 
sland  thus : 
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Thcae  eight  pencils  are  all  equal  in  intensity,  and  all  those  contained  in  the  first  set  (marked  A)  will  meet  in 
one  part  of  the  field  of  view,  while  those  marked  B  (on  account  of  the  thickness  of  the  rhomboid,  which  we 
here  suppose  considerable^  so  as  to  produce  a  sensible,  and  even  a  large  separation  of  the  ordinary  and  extra- 
ordinary  pencils)  will  meet  in  another,  distant  from  the  point  of  concourse  of  (A)  by  an  interval  proportional  to 
the  thickness  of  the  rhomboid,  and  which  we  will  here  suppose  so  large  as  to  throw  the  fringes  (if  any)  there 
produced,  entirely  out  of  the  way  of  mixing  with  those  produced  at  the  concourse  of  A,  Let  us  then  consider 
separately,  the  pencils  of  rays  of  the  parcel  A,  and  see  what  interferences  can  take  nlace.     And  first,  R  o  o  may 
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combine  with  Loo»  and  since  their  difference  of  phase  is  zero,  they  will  interfere  in  the  aisis  of  the  spparaliis; 

and   their  pknes  of  polarizjilion  being  coincident,  there  is  no   reason  why  fring^es  should   not  tliere  be  pro-  ' 
duced  by  their  concourse.     The  same  holds  good  of  the  combination  Reo   and   heo,  and,  consequently^  there 
will  be  !>;nperposed  on  each  other  in  the  axis  two  sets  of  fringes,  producing  one  \>f  double  brilliancy. 

Next,  Ro  o  may  interfere  with  Leo;  but  there  being  a  constant  difference  of  phases  d  in  favour  of  the  latter,^ 
the  fringes  produced  by  their  concourse  will  lie  to  the  left  of  the  axis,  by  an  interval  proportional  to  the  thickne 
of  the  lamina  of  sulphate,  and  will  be  seen  separately.  Similarly^  the  concoui  se  of  the  pencils  Reo  and  Loo  will 
determine  tlie  production  of  another  set  of  lateral  fringes^  hut  the  difference  of  phases  d  being  in  this  case  in  tavou 
of  the  right  hand  pencil,  this  system  will  be  situated  as  much  to  the  right  of  the  axis  as  tlie  other  was  to  the  leiLl 

Thus  in  Ihe  ordinary  image  three  sets  of  fringes  onght  to  be  seen,  and  in  the  extraordinary,  by  a  simila 
reasoning,  as  many.  Now,  in  fact,  this  is  the  case,  and  tire  phenomena  are  seen  on  making  the  experiment  pre 
cisely  as  here  described.  But  it  is  evident  that  the  rays  which  form  the  lateral  fi-inges,  by  their  interferences, ; 
precisely  tho.^^e  which»  at  their  leaving  the  sulphate,  had  opposite  jKjlarizations,  but  have  been  afterwards  reducecf 
to  similar  polarization  by  the  action  of  the  rhomboid. 

If  instead  of  a  rhomboid  of  sensible  double  refraction  we  substitute  a  plate  of  sulphate  of  lime,  or  of  rocl 
crystal,  so  thin  as  to  produce  no  visible  separation  of  the  pencils,  the  fringes  produced  by  the  pencils  B  will  be 
superposed  on  those  arising  from  the  interference  of  the  pencils  A,  nnd  we  should  expect  therefore,  instead  of  six, 
to  see  three  sets  of  fringes,  the  midille  one  lieiijg  still  the  brightest.  But,  in  fact,  we  see  but  one  set,  and  the 
lateral  fringes  vanish  altogether.  This  remarkable  result  proves  that  the  colours  resulting  from  the  concourse  of 
the  rays  ordinarily  refracted  l>y  the  rhomboid,  are  complementary  to  those  resulting  Irom  that  of  the  extraordiimry 
rays;  and  therefore  tliat  we  must  allow  half  an  undulation  to  be  gained  or  lost  when  we  would  pass  from  one  wt 
to  the  other,  precisely  as  in  the  phenomena  of  the  rellected  and  transmitted  colours  of  thin  plates. 

One  of  the  most  important  consequences  of  these  laws,  is  that  they  supply  the  defective  link  in  the  chain  wtucd 
connects  the  doctrine  of  undulations  with  the  colours  of  crystallized  laminaa  as  described  in  the  last  section.  It 
had  been  already  remarked  (as  we  have  seen)  by  Dr.  Young,  that  the  passage  of  the  ordinary  and  extraordinary  reys 
with  different  velocities  through  the  crjstalHzed  plate,  would  give  rise  to  that  difference  of  physical  condition  of 
the  rays  at  their  emergence  which  would  lead  to  the  profluction  of  colours ;  but  the  dilTicidty  remained  to  explain, 
not  why  colours  were  produced  in  certain  circumstances,  hut  why  they  were  not  produced  in  all»  in  short,  what 
share  the  polarization  of  the  incident,  and  the  analysis  of  the  emergent  rays,  had  in  the  production  of  the  pbe 
nomena. 

To  see  the  nature  of  this  difBcuUy  more  cleariy,  imagine  a   wave  proceeding  from  a  distant  radiant  point 
to  be  incident  on  a  very  thin  crystallized   lamina.     It  will   be  subdivided  into  two,  each  triiversing  the  piste 
in  a  different  direction  and  with  its  own  proper  velocity,  and  each  of  them  emerging  parallel  to  its  original  diree*  I 
tion.     The  incident  wave  will,  therefore,  after  emergence  be  resolved   into  two  parallel  to  each  other,  but  scpa^  j 
rated  by  a  small  interval  equal  to  the  interval  of  retardation.     Now   ihe  hindmost  of  these  ought*  according  J 
to  the  law  of  interferences,  to  interfere  with  a  subsequent  wave  of  the   system  to  which  the  foremost  belongs,] 
and  thus  periodical  colours  should  arise  on  merely  looking  against  the  sky  through  such  a   lamina  without  an?  i 
other  api>anitus.     Why  then  are  none  seen?     To  this  the  law  of  Messrs,  Arago  and  FresnH  atftird  a  satisfactoiyl 
answer.     The  two  systems  of  waves  into  which   the  incident   system   is  resolved   are  oppouft'ly  polarized^  voii 
therefore,  thrmgh  all  other  conditions  he  satisfied,  incapable  of  interfering. 

To  understand  how^  the  coluurs  of  the  polarized  rings  must  be  conceived  to  be  produced  by  interference,  letut 
take  the  simplest  case  when  a  polarized  ray,  A  B,  fig.  194,  is  incident  on  any  thin  crystallized  plate  B,  whose 
principal  section  is  4^"  inclined  to  the  plane  of  primitive  polarization.  Let  A  be  the  system  of  waves  which^ 
constitutes  the  incident  ray;   then  in  its  passage  through  the  crystallized  lamina  it  will  be  divided  into   systen 

0  and  E  of  equal   intensities,   polarized  in   planes  +  45*^  and  ~  45°  inclined  to  that  of  primitive  polarizaUoL 
and  the  one  lagging  a  few  undidations  behind  the  other,  so  as  to  interfere,  as  represented  in  the  figure,  and  coo 
stituting  the  parallel  rays  C  F  and  D  G.     Let   these  now  be  received  on,  and   transmitted   throiigh,  a  doubl] 
refracting  prism  F  G  H  L  placed  with  its  principal  section  in  the  plane  of  primitive  polarization,  or  45°  inclined! 
that  of  the  crjstalUzed  lamina.     Then  will  each  of  the  incident  rays  be   again   subdivided,    C  F  into  H  M  au 

1  P,  and  D  G  into  KN  and  L  Q,  all  of  equal  intensity.  Of  these,'  H  M  and  K  N  emerge  parallel,  as  also  Kl 
and  LQ  respectively.  Now  the  sj stems  of  waves  O  and  E  which  follow  each  other  at  a  certain  interval  d  wilB 
continue  to  do  so  in  both  the  refracted  rays,  as  if  they  formed  one  compound  system  ;  so  that  each  of  the  pencill 
H  M  K  N  and  f  P  L  Q  will  consist  of  a  double  system  of  waves  O  e  and  E  e,  O  o  and  E  o  respectively.  Tlie  former  ' 
pair  following  each  other  at  the  interval  </,  and  the  latter  at  the  interval  d  ±^  undulation,  (by  rea.son'of  the  deraoo- 
strated  fact,  that  in  passing  from  the  ordinary  to  the  extraordinary  system  half  an  undulation  must  be  allowed. 
See  Art.  966.)  Now  as  each  ray  of  these  pairs  respectively  have  similar  polarizations,  ri2,  those  of  the  pair 
ordinarily  relirocted  (O  o  and  E  o)  in  the  plane  of  the  principal  section  of  the  prism,  and  tfiose  of  tile  extra- 
ordinary pair  Oe  and  E  e  in  a  plane  at  right  angles  to  it,  there  is  no  reason  w^hy  interference  should  not  take 
place,  and  the  consequence  must  be,  the  production  of  complementary  colours  in  the  two  pencib  finally  emerxrent 

corresponding  to  tbe  intervals  of  retardation  d  and  rf  -}"  ^»  which  is  juat  what  really  happens. 

Conceive  now  another  ray  incident  on  B  in  the  direction  A  B,  but  polarized  in  a  plane  at  right  angles  to  that! 
of  the  ray  considered  in  the  last  paragr«qih.  Then  this  will  undergo  precisely  the  same  series  of  diTisions  an  ' 
subdivisions  as  the  former.  But  the  intervals  of  retardation  will  be  different;  for  its  plane  of  polarization  when' 
incident  on  B  being  now  related  to  the  plane  of  ordinary  refraction,  as  that  of  the  other  ray  at  its  *ncidecice  ^ 
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to  the  extraordinary,  and  met?  vend,  a  difference  of  half  an  nndulation  must  (as  already  explained)  be  admitted 
in  the  relative  position  of  the  two  systems  of  waves  O,  E»  at  their  emerjrence,  from  this  cause,  independent  of 
the  interval  of  retardation  wilhin  llie  plate;  so  that  if  d  were  the  interval  in  the  former  case,  <i  —  J  \  will  be  the 
<liflerence  now,  and,  after  passing!:  throu|;^h  the  pri^m,  we  shall  have  for  the  intervals  of  retardation  in  the  two 
binary  pencils,  instead  of  d  and  rf  +  J  \  which  they  were  before,  d  —  J  \  and  d.  Hence  the  two  pencils 
will  exchange  colours  when  the  polarization  of  the  incident  lig^ht  is  varied  by  a  quadrant,  and  this  is  also 
conformable  to  fact.  If  this  reasoning  be  not  thoug-ht  conclusive,  the  reader  is  referred  forwards  to  Art  983 
and  984. 

Next,  let  the  incident  ray  be  unpolarized.  This  case,  as  we  have  seen  Art,  651,  is  the  same  with  that  of  a 
^y  consisting  of  two  equal  ray^  oppositely  polarized,  and  theretbre  in  each  pencil  will  coexist*  superposed  on 
each  other,  the  primary  and  complementary  colour  arising  frt»m  either  portion,  which  being  of  equal  intensity 
^iU  neutraiize  each  other's  colours  and  the  emergent  pencils  will  be  white,  and  each  of  half  the  intensity  of  the 
incident  beams.  This  then  is  the  reason  (on  this  doctrine)  why  we  see  no  colours  when  the  light  originally 
incident  on  the  crystallized  plate  is  nnpolarized. 

Thus,  tlie  theory  of  interferences,  modified  by  the  principles  above  stated,  aifords,  as  we  see,  an  explanation 

of  the  colours  of  crystallized  plates  totally  distinct  from  that  of  movable  polarization.     The  only  delicacy  in   its 

«/jplication  to  all  cases,  lies  in  the  determination  which  of  the  emergent  pencils  must  be  regarded  as  having  it*? 

liatcnial  of  retardation  increased  by  half  an  undulation.     M.  Fresuel  gives  the   following  rule  for  this  essential 

M^itii.  (Note  on    M»  Arago's  Report  to  the    Institute  on    a  Memoir  of  M.  Fresnel   relative  to    the  colours  of 

9ftJlbly  refracting  laminae.  Annates  de  Chimie,  vol.  xvii.  p.  80.*)     The  image  whoae  tint  ^orrrnpomh  precisely  to 

i^   difference  ofroulcji^  is  that  in  which  t/ie  planer  of  polarization  of  ih  constituent  pencils  after  having  t)ten  st'pa- 

p^^  from  each  other ^  are  brought  together  tty  a  contrary  motion,  uyhile^  on   the  other  hand^  the  prncih  whose 

Igxnes  of  polanzaiion  are  brought  to  coincidence  by  a  continuance  of  the  same  motion  tnj  which  they  ukrc  sepa- 

B-^^d,  produce  by  their  reunion  the  cmnplementary  image.     To  understand   this  better,  let  P  C  be  the  plane  of 

p-imitive  polarization  projected  on  that  of  the  paper,  to  which  let  us  supjiose  the  ray  perpendicular,  C  O  that  of 

i^  principal  section  of  the  crystallized  lamina,  and  C  S  that  of  the  principal  section  of  the  doubly  refracting 

^ism  ;  then  the  incident  pencil  polarized  in  the  plane  PP'  will  after  penetrating  the  lamina  be  divided  into  two, 

|Ki^  0  polarized  in  the  plane  C  O,  the  other  E  in  the  plane  C  E  perpenrlicnlar  to  it.     Now,  CO  may  always  be 

K>    taken  as  to  make  an  angle  not  greater  than  a  right  angle  with   C  P,  and  C  E  so  as  to  have  C  P  ttetween  C  E 

ind  C  O  ;  so  that  the  plane  C  P  may  be  conceived  to  open  or  unfold  itself  like  the  covers  of  a  book,  into  C  O  and 

D  £,  one  on  either  side.     Again,  C  S  may  always  be  regarded  as  making  an  angle  not  greater  than  a  right  angle 

with  C  O,  and  when  the  ray  O  resolves  itself  into  two  (O  o  and  Oe}  by  refraction   at  the  prism,  its  plane  of 

polarization  C  O  may  be  conceived  to  open  out  into  the  two  C  S  and  CT  at  right  angles  to  each  other,  including 

V  O  between  them  ;  and  in  like  manner  the  ray  E  will  resolve  itself  into  two  Eo  and  E  e,  and  its  plane  of  pola- 

l^zation  C  E  will    open  out  into  the  two  C  8  and  C  T',  having  C  E  between  them   in  the  case  of  tig.  195  (d), 

«Jd   into  C  S'  and  C  E  in  that  of  tig.  195  {b}  ;  in  the  former  case  C  T  is  a  prolongation  of  C  T,  in  the  latter  C  S' 

ia  f>rolongalion  of  C  S,     The  rays  O  o  and  Eo  then  which   make  up  the  ordinary  pencil,  have,  in  the  case  of 

C«f)»  been  each  brought  lo  a  coincident  plane  of  polarizsition  C  S   by  two  motions  in  contrary  directions,  as 

presented  by  the  arrows,  and  the  extraordinary  ones  Oe  and  E«  have  been  separated  and  brought  back  to  a 

^Ji*c::^ident  plane  by  motions  continued  in  the  same  direction  for  each  respectively.     The  reverse  is  the  case  in 

^ .     In  the  case  then  of  tig.  a  the  colours  of  the  ordinary  pencil    O  o  +  Eo  will  be  those  winch  correspond 

je^^isely  to  the  dilference  of  routes,  and  those  of  the  extraordinary  one  Oe  +  E  e  will  correspond  to  that  differ- 

nice   p/tw  half  an  undulation,  while  in  that  of  %.  b  the  reverse  happens.     This  rule  is  empirical,  L  e.  is  merely  a 

1«s\xlt  of  observation.     It  is  clear  that  the  principle  of  the  conservation  of  the  via  viva,  in  this,  as  in  the  colours 

0^  Uncrystaliized  plates,   requires  that  the  two  images  should  be  complcnientary  to  each  other,  and  therefore 

half  an  undulation  mu^t  be  gained  or  lost  by  one  or  the  other  pencil,  but  which  of  the  two  is  to  be  so  moditied 

V^  have  no  means  of  knowing  a  priori. 

This  once  determined,  however,  we  have  no  difficulty  in  deducing  the  formulae  of  intensity  and  other  circum- 
stances of  the  phenomena  when  the  azimuth  of  the  crystallized  plate  is  arbitrary*  instead  of  being,  as  we  have 
hitherto  supposed,  limited  to  45^.  The  analytical  expressions  of  the  intensity  of  the  pencils  we  must  reserve  for 
Our  next  section. 


If  IX,     Of  the  application  of  the  Vndulatory  Doctrine  to  the  explanation  of  the  phenomena  of  Polarized  Light 

and  of  Double  Refraction, 
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I      The  phenomena  of  double  refraction  and  polarization,  as  exhibited  in  the  experiments  of  Huyn^ens  on  Iceland       974^ 
|«par,  were  regarded  by  Newton  and  his  followers  as  insuperable  objections  to  the  undulatory  doctrine,  inasmuch  svwtou'* 
fas    it   appeared  to  them  impossible,  by  reason  of  the  qnaqudvermm  pressure  of  an  elastic  fluid*  to  conceive  an  ol^jecibni 
> ondulation  as  having^  a  different  relation  to  different  regions  of  space,  or  as  possessing  dd^Jt.     "  Are  not,**  says  ^^T.**^^'! 
I  Kewtun,  *' all  hypotheses  erroneous  in  which  light  is  snpposed  to  consist  in  pressure   or  motion  propagated  ^j^"^****"^^ 


heoTy. 


•  Thin  Memoir  wan  rttA  to  ttie  Institute,  Ocu  7,  1816,  K  Stipplemeat  ww  received  Jan.  1%  1818.  M,  Arago'a  report  on  tt  wm  read 
I  June  4,  1821.  And  while  every  oplkal  phibsopber  m  Europe  ha^  b*en  tmpaliently  expecting  its  mpjicaTance  for  >t^en  years,  it  lies  u(  yet 
I  ■pnublishedj  tad  is  kopwn  to  m  only  by  cneagre  notkes  in  a  periodical  Journal. 
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thn>ii|^h  a  fluid  medium  ?**,  ..*....**  for  pressures  or  motiotis  propagated  from  a  shining'  bi>dy  through  an  um*  m 
form  meilium»  must  be  on  all  sides  alike,  whereas  it  appears  that  the  rays  of  lig^ht  have  difierent  properties  in  ^ 
dieir  different  sides.",  ...,..*'  To  nie^  this  seems  inexplicable,  if  Hght  be  nothing  else  than  pressure  orinotioa  " 
propBijated  through  ether.' '     Optwks^  book  iii.  quest,  28.     And»  ag^in,  quest.  29  ;  **  Are  not  rays  of  light  very 

small  bodies  emitted  from  shinin|!j  substances?". "  The  unusual  refraction  of  Iceland  crystal  looks  very 

much  as  if  it  were  performed  by  some  kind  of  attractive  virtue  lodged  in  certain  sides  both  of  the' rays  and  of  the 
pafliicles  of  the  crystal/*.  _...**  I  do  not  say  this  virtue  is  roagnetical.— It  seems  to  be  of  another  kin<L  I  only 
say,  that,  whatever  it  be,  it  is  difficult  to  conceive  how  the  rays  of  light,  unless  they  be  bodies,  can  have  a  per- 
manent virtue  in  two  of  their  sides  which  is  not  in  their  other  sides^  and  this,  without  any  regard  to  their  posiuoa 
as  to  the  space  or  medium  through  which  they  pass.'* 

Although  we  have  no  knowledge  of  the  intimate  constitution  of  elastic  media»  or  the  manner  in  which  tbdr 
contiguous  particles  are  related  to  each  other  and  affect  each  other's  motion^  yet  it  is  certain  that  the  mode  and 
laws  of  the  propagation  of  motion  through  them  by  undulation  cannot  but  depend  very  materially  on  this  con- 
nection. The  only  analogies  we  have  to  guide  us  into  any  inquiry  into  these  laws,  are  those  of  the  propagstioo 
of  sound  in  air  or  water,  and  of  tremors  through  elastic  solids*  and  along  tended  chords  and  surfaces  ;  and  stidiis 
the  extreme  difficulty  of  the  subject  when  taken  up  in  a  purely  mathematical  point  of  view,  that  we  are  forced  to 
have  recourse  to  these  analogies,  and,  dismissing  in  the  present  state  of  science  the  vain  hope  of  embracing  th« 
whole  subject  in  analytical  formula?,  sutTer  ourselves  to  be  instructed  by  experience,  as  to  what  modifications  the 
peculiar  constitution  of  vibrating  media  may  produce  in  the  propagation  of  motion  through  them.  Now,  when 
sound  is  propagated  through  air  or  water,  in  which  the  molecules  are  at  least  snppoied  to  have  no  mutual  con- 
nection but  to  be  capable  of  mo\^ng  with  equal  facility,  and  to  be  restored  to  their  places  with  equal  elastic 
forces,  in  whatever  direction  they  are  displaced^  and  iu  which,  moreover,  it  is  (at  least  theoretically)  taken  ftw 
granted,  that  the  motion  of  any  molecule  hus  an  equal  tendency  to  set  in  motion  those  adjacent  to  it,  in  what- 
ever direction  these  may  be  situated  with  respect  to  it;  it  is  difficult  to  conceive  that  the  motion  of  a  molecule  in 
the  surface  of  a  wave,  at  some  distance  from  the  centre  whence  the  sound  emanates,  can  be  performed  otherwise 
than  in  the  direction  of  the  radius,  or  at  right  angles  to  the  surface  of  the  wave ;  so  that  in  this  case  the  motion 
of  the  vibrating  molecules  must  coincide  with  the  direction  of  the  rays  of  aound,  and  there  appears,  therefore,  no 
reason  why  such  rays  should  bear  different  relations  to  the  ditferent  regions  of  space  surrounding  them,  whether 
right  or  left,  above  or  below ;  for  the  ray  being  regarded  as  an  axis^  all  parts  of  the  sphere  round  it  are  sintihuij 
related  to  it. 

But  if  we  conceive  a  connection  of  any  kind,  such  as  may  possibly  be  established  by  repulsive  and  attractive 
forces,  or  magnetic  or  other  polarities  subsisting  between  the  molecules  of  the  vibrating  medium,  the  case  is 
altered.  It  will  no  longer  then  follow  of  necessity,  that  the  individual  motion  of  each  molecule  is  performed  in  I 
the  direction  in  which  the  general  wave  advances,  but  it  may  be  conceived  to  form  any  angle  with  that  diredioii, 
even  a  right  angle,  A  familiar  instance  of  such  a  mode  of  propagation  may  be  seen  in  the  wave  which  runs  9kmg 
along  stretched  cord,  struck,  shaken,,or  otherwise  disturbed  at  one  end.  The  direction  of  the  wave  is  the  length 
of  the  cord,  and  that  of  the  motion  of  each  molecule  lies  in  a  plane  perpendicular  to  it.  Now  this  is  precisely  the 
kind  of  propagation  which  M.  Freenel  conceives  to  obtain  in  the  case  of  light.  He  supposes  the  eye  to  be 
affected  only  by  such  vibrating  motions  of  the  ethereal  molecules  as  are  performed  in  planes  perpendicular  to  the 
directions  of  the  rays.  According  to  this  doctrine,  a  polarized  ray  is  one  in  which  the  vibration  is  constatiUy  j 
pertbrmed  in  one  plane,  owing  either  to  a  regular  motion  originally  impressed  on  the  luminous  molecule,  or  ta 
some  subsequent  cause  acting  on  the  waves  themselves,  which  disposes  the  planes  of  vibration  of  their  mole- 
cules all  one  way.  An  unpolarized  ray  may  be  regarded  as  one  in  which  the  plane  of  vibration  is  per- 
petually varying,  or  in  which  the  vibrating  molecules  of  the  luminary  are  perpetually  shifting  their  planes  of 
motion,  and  in  which  no  cause  has  subsequently  acted  to  bring  the  vibrations  thus  excited  in  the  ether  0 
coijieident  planes. 
^977*  The  analogy  of  the  tended  cord  (which  appears  to  have  suggested  itself  to  Drj  Young  on  considering  the 

PropagaiiDn  optical  properties  of  biaxal  crystals  in  1S18)  will  help  our  conception  greatly.  Suppose  such  a  cord  of  indefinite 
of  light  length,  stretched  horizontally,  and  one  end  of  it  being  held  in  the  hand,  let  it  be  agitated  to  and  fro  wilht 
tTthi^of  "^*^^**^^i  perpendicular  to  the  length  of  the  cord.  Then  will  a  wave  or  succession  of  waves  be  propagated  along  it, 
waves  along  **"^  every  molecule  of  the  cord  will,  after  the  lapse  of  a  time  proportional  to  its  distance  from  the  hand,  b^n 
a.  fttreichecl  to  describe  a  line  or  curve  similar  and  similarly  situated  to  that  described  by  the  extremity  at  which  the  agitutiou 
eord»  originates.     If  the  original  agitation  be  regularly  repeated  and  constantly  confined  to  one  plane,  the  same  will 

be  true  of  the  motion  of  each  molecule,  and  the  whole  extent  of  the  cord  will  be  thrown  into  the  form  of  an  undu* 
lating  curve  lying  in  one  plane,  so  iar  as  the  motion  has  reached.     In  this  case  it  will  represent  a  polarized  ray 
or  system  of  waves.     If^  after  a  few  vibrations  in  one  plane,  the  extremity  be  made  to  execute  a  few  in  another, 
and  then  again  in  another,  and  so   on,  so  that  the  plane  of  vibration  shall  assume  in  rapid  succession  all  pos- 
sible situations,  since  each  molecule  obeys  exactly  the  same  law  of  motion  with  the  extremity,  the  curve  will 
consist  of  portions  lying  in  all  possible  planes,  and  since  by  reason  of  the  propagation  of  theimdulation  along  ttH 
every  point  of  it  is  in  succession  agitated  by  the   motion  of  every  other,  all  these  varied  vibrations  will  n^| 
through  any  given  point  of  it,  and  were  a  sentient  organ  like  the  human  retina  stationed  there,  the  impre^oo 
it  would  receive  would  be  analogous  to  that  excited  in  the  eye  by  an  unpolarized  ray  of  light. 
979.  It  may  be  objected  to  this  mode  of  conceiving  the  luminiferous  undulations,  that  the  molecules  of  the  ether,  if 

Objitctifms    it  be  a  fluid,  such  as  we  have  hitherto  all  along  regarded  it,  cannot  be  supposed  connected  in  strings,  or  chains 
coniidered.   Hke  those  of  a  tended  cord,  but  must  exist  separate  and  independent  of  each  other.    But  it  is  sufficient  for  our  par- 
pose  to  admit  such  a  degree  of  lateral  adhesion  (we  hesitate  to  term  it  visconty}  as  may  enable  each  molecule  ia 
its  motion  not  merely  to  push  before  it  those  which  lie  directly  in  the  line  of  its  motion,  but  to  drag  alsm^ 
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With   it   those  which  lie  on  either  side,  in  the  natne  direction  with   itself.     Or,  acknowledging  at  once  the     HniV. 

^  difficulty,  since  lig'ht  is  a  real  phenomenon,  we  are  not  to  expect  it  to  be  produced  withoiil  a  mechanism  ^^^»v^*^ 
adequate  to  so  wonderful  an  effect.  We  do  not  hesitate  to  attribute  to  the  fluids  which  are  imag^iiied  to  account 
for  the  phenomena  of  heat,  electricity,  mag-netiym,  &c.  properties  aJtog-ether  repug^nant  to  our  ordinary  notion* 
of  fluids^  and  why  should  we  deny  ourselves  the  same  latitude  when  iig^ht  is  to  be  accounted  for.  It  is  true 
the  properties  we  must  attribute  to  the  ether  appear  characteristic  of  a  solid  than  of  a  fluid,  and  may  be 
regarded  as  reviving  tlie  antiquated  doctrine  of  a  plenum.  But  if  the  phenomena  can  be  thereby  accounted 
for,  i,  f.  reduced  to  uniform  and  general  principles,  we  see  no  reason  why  that,  or  auy  still  wilder  doclrine, 
should  not  be  admitted,  not  indeed  to  atl  the  priTilege-^  of  a  demonstrated  fact,  but  to  those  of  its  represen- 
tative, or  locwm  teitem,  till  the  real  truth  shaJl  be  discovered,  Ajisuming  it,  then,  with  M.  Fresnel,  as  a  po^ 
tulalum,  that  the  vibrations  of  the  ethereai  molecules  which  constitute  light  are  performed  in  planes  at  right 
angles  to  the  direction  of  the  ray's  progress,  let  us  see  what  account  can  be  given  of  tfie  phenomena  of 
polarized  light. 

And  lirst,  then,  of  the  interference  of  two  polarized  rays,  whether  polarized  in  the  same,  or  different  planes.       979. 
The  plane  of  polarization  in  this  doctrine  may  be  assumed  to  be  either  that  in  which  the  vibrations  are  executed,  ^'tpl^nation 
(l,  €.  a  plane  passing  Uirough  the  direction  of  the  ray  and  the  line  described  by  each  of  the  vibrating  molecules  P  J* 

in  its  excursion,)  or  one  perpendicular  to  it,  which  we  please.     Reasons,  presently  to  be  stated,  render  the  latter  interferenc* 
preferable,  but  at  present  it  is  a  matter  of  indifference  which  we  assume.     Now,  in  §  3,  Part  III.  we  have  on  this 
investigated  at  length,  with  a  view  to  the  present  inquiry,  the  modes  of  vibration  which  result  from  the  combi-  doctriut* 
nation  of  any  assigned  vibrations,  whether  executed  in  the  same  or  different  planes ;   and  it  follows  from  the 
|>are)y  mechanical  principles  there  laid  down,  1st,  That  the  combination  of  two  vibrations  executed  in  the  same 
plane,  produces  a  resultant  vibration  in  the  same  plane,  which  may  be  of  any  degree  of  intensity  from  the  sum 
to  the  difference  of  the  intensities  of  its  component  vibrations,  according  to  the  difference  of  their  phases.    Now, 
each  of  these  systems  of  vibration  represents  a  polarized  ray ;   so  that  rays  polarized  in  the  same  plane  ought, 
em  these  principles,  to  be  capable  of  destroying  or  reinforcing  each  other  by  interference,  as  we  see  they  do. 
But  the  case  is  otherwise  when  the  component  vibrations  are  executed  in  diiferent  planes,  for  in  that  case  it  iJ 
obvious  that  they  never  can  destroy  each  other  completely  so   as  to  produce  rest.     The  general  ease  of  non- 
coincident  planes  of  vibration  is  analyzed  in  Art.  618;  and  in  Art.  621  we  see,  that  even  when  each  of  the 
component  vibrations  is  rectilinear,  the  resultant  is  elliptic ;    so  that  each  molecule  of  the  ether  performs 
continual  gyrations  in  one  direction,  and  never  can  be  totally  quiescent. 

Thus  we  see  that  the  interference  of  rays  similarly  polarized^  and  the  non-interference  of  those  dissimilarly,       9S0, 
ta  a  necessary  consequence  of  the  hypothesis  we  are  considering;  and  indeed  was  the  phenomenon  which  first  Actlrtfy 
suggested  it.     It  may  be  familiarly  explained  by  the  analogy  of  our  tended  cord.     Conceive  such  a  oc»rd  to  "^  ^^?    . 
baTe  its  extremity  agitated  at  equal  regular  intervals  with  a  vibratory  motion  performed  in  one  plane^  then  it  ^^^^  ^ 
will  be  thrown,  as  we  have  seen,  into  an  undulatory  curve,  all  lying  in  the  Same  plane.     Now,  if  we  superadd 
to  this  motion  another,  similar  and  equal,  but  commencing  exactly  half  an  undulation  later,  it  is  evident  that  the 
direct  motion  every  molecule  would  assume,  in  consequence  of  the  first  system,  will  at  every  instant  be  exactly 
neutralized  by  the  retrograde  motion  it  would  take  in  virtue  of  the  other ;   and,  therefore,  each  molecule  will 
remain  at  rest,  and  the  cord  itself  be  quiescent.     But  if  the  second  system  of  motions  be  performed  in  a  plane 
at  right  angles  to  the  first,  the  effect  will  evidently  only  be  to  distort  the  figure  of  the  cord  into  a  cur\'e  of  double 
curvature,  which,  in  the  general  ca^e,  will  be  an  ellij^tie  helix,  and  will  pass  into  the  ordinary  circular  one  when 
tlie  two  component  vibrations  differ  in  phase  by  a  quarter  of  an  undulation,  or  90"^,   (See  Art,  627.  CoroL) 

In  this  case  the  extremity  of  the  cord  describes  a  circle  with  \i  continuous  motion,  and  this  motion  is  imi-        981. 
fated  by  each  molecule  along  its  whole  length.     It  is  easy  to  make  this  a  matter  of  experiment;  we  have  only  Case  of  a 
to  hold  in  our  hands  the  end  of  a  long  stretched  cord,  or  grasp  it  firmly  in  any  part  of  its  extent,  and  work  the  ""otatory  o: 
part  held  round  and  round,  with  a  regular  circular  motion,  and  we  shall  see  the  cord  thrown  into  a  helicoidal  JJotion. 
curve,  each  portion  of  which  circulates  in  imitation  of  the  original  source  t>f  the  motion 

But  experience  shows,  not  merely  that  two  equal  rays  polarized  at  right  angles  do  not  destroy  each  other  for       992 
any  assignable  ditference  of  originn,  but,  that  whatever  be  this  difference,  the  intensity  of  the  resultant  ray  remains  Resultant  of 
absolutely  the  same.     Now  this  is  also  a  necessary  consequence  of  the  theory  of  transverse  vibrations.     To  show  ^^'°  ^^J*^ 
this,  we  need  only  refer  to  the  exprcstsionn  for  A,  B,  C  in  equation  (7,)  Art.  619,  resuming  at  the  same  time  the  ^f^^^ 
notation  and  reasoning  of  that  article.     The  intensity  of  the  impression  made  on  the  eye  by  any  ray  being  f^veitigated 
proportional  to  the  vis  viva,  is  represented  by  the  sum  of  the  several  vires  vi&m  in   the  three  rectangular 
directions,  or  by  A*  -j-  B^  +  C«,  that  it,  by 

a*-f-  ¥  -f-  c*  +  (/*  +  6'*  +  c'*H-  2aa\  cos  {p  -  /)  +  2  6  6'-  cos  (q-  </)  +  2cc\  cos  (r  -  r'). 

Now  if  we  assume  the  directions  of  the  coordinates  x  and  Af  to^be  those  transverse  to  that  of  the  ray,  and  the 
one  in  the  plane  of  polarization  of  one  ray,  the  other  in  that  of  the  other,  at  right  angles  to  it,  and  that  of  z 
in  tlie  direction  of  the  ray  itself,  w^e  have 

a'—Oy     6  =  IJ      c  ^  0,     c'  =  0 ; 
and  therefore  the  above  expression  for  the  intensity  becomes 

A«       BH-  C*  :=  a^  +  6'», 
lililcii  IS  indepenuent  of  p  —  p\  q  —  q\  r  ^  r^,  the  difierence  of  phases,  and  is  equal  to  tne  sum  or  the  inten* 
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sities  of  tlie  separate  rays.  And  we  may  remark,  by  the  way,  that  no  other  supposable  mode  of  vibmtion  bfut 
that  in  question,  in  which  cand  */,  the  amplitudes  of  vibration  in  the  direction  of  the  ray  vanish,  could  produce 
the  same  result.  (FresiieFs  Cotisideraiiom  Tkeoriqites  mr  ia  Polarization  de  la  Ljimiere.  Bulletin  di  L 
Soci^te  Philofnaiique,  Octob^;!T,  1824.) 

Let  us  now  consider  ivliat  will  happen  when  a  ray  polarized  in  any  plane  is  resofved  into  two  polanzcd 
Rationale  of  in  any  other  two  planes  at  right  angles  to  each  other,  and  these  ag^aiii  reduced  to  two  others  also  at  right 
(he  rule  J^""  angles  to  each  other,  by  a  second  resolirtion.  Suppose  C,  (fig.  19o,  a)  to  he  the  course  of  a  ray  projecU<i  on  b 
^^'°'*mjula-  P^^^c  perpendicular  to  its  direction,  {that  of  the  paper,)  and  in  which,  consequently,  the  vibralions  of  the 
molecule  C  are  perfbnned.  Let  P  C  P'  be  the  line  of  vibration  of  this  molecule,  and  therefore  (according  to  the 
hypothesis  assumed)  at  right  ant^lcs  to  the  plane  of  primitive  polarization.  When  this  ray  is  divided  into  two 
others  oppositely  polarized,  the  vibrations  are  of  course  resolved  into  iwo  others  performed  in  planes  at  rigilt 
angles  to  each  other.  Let  C  O  and  C  E  be  t!ie  projections  of  these  planes,  which  are  therefore  perpendicular 
to  the  planes  of  polarization  of  ibe  two  new  rays  respectively.  Suppose  that  at  any  instant  the  molecule  C  of 
the  primitiTe  ray  is  moving'  from  C  in  the  direction  C  P;  then  thisi  motion,  if  resolved  into  two,  will  g^ve  ri« 
to  two  motions,  one  in  the  direction /mm  C  towards  O,  the  other /row  C  towards  E.  If  each  of  these  oiotiont 
be  again  resolved  into  two,  in  planes  whose  projections  are  S  C  S''  and  TCT^,  at  right  angles  to  each  other,  that 
in  the  direction  C  O  will  produce  two  motions,  one  in  the  direction  C  S,  and  the  other  in  the  direction  CT; 
and  on  the  other  hand  the  motion  in  Ibe  direction  C  E  will  produce  one  in  Uie  direction  C  S,  and  the  other  (hi 
the  case  of  fig.  195,  a)  in  the  direction  CT  opposite  to  C  T.  Thus  the  two  resolved  motions  in  tJie  plane  SS' 
will  conspire,  bill  those  in  the  plane  TT'  will  oppose,  each  other*  In  the  case  of  fig.  195,  6,  the  reverse  will 
happen  ;  the  motions  in  the  plane  T,  T  conspiring,  and  those  in  the  plane  S  S'  opposing,  each  other.  For  sim* 
plicity  of  conception,  however,  we  will  confine  ourselves  to  the  former  case.  If,  now,  we  pass  from  the  coiui- 
deration  of  the  vibrations  to  that  of  the  rays,  it  will  appear  that  we  have,  in  fact,  resolved  the  original  ray 
polarized  in  the  plane  P  P'  into  two,  polarized  in  planes  peqiendicular  respectively  to  C  O  and  C  E;  aod  these 
again,  finally,  each  into  two,  viz.  one  polarized  in  the  perpendicular  to  S  S',  and  one  perpendicular  to  T T*, 
The  two  portions  polarized  perpendicular  to  S  S'  form  one  ray,  and  those  peq>endicular  to  TT^  another;  but  in 
the  former,  the  component  portions  tend  to  strengthen,- — in  ibe  latter,  to  destroy  each  other.  Hence,  if  we 
consider  the  two  former  portions  as  having  a  common  origin,  we  must  regard  the  latter  as  ditferitig  by  bah 
an  undulation. 

Hitherto  we  have  supposed  the  second  resolution  of  the  rays  to  take  place  at  the  same  point  C  in  the  course 
of  the  ray  as  the  first,  but  this  may  not  be  the  case,  and  several  cases  may  l>e  imagined  ;  first,  we  majsuppoie 
ibe  two  portions  into  which  the  ray  is  first  resolved  to  rnn  on  in  the  same  line  with  equal  velocities  ;  and  after 
describing  any  given  space,  to  be  then  resolved,  at  another  point  C  (whose  projection  in  the  figure  will  coH»ri-i' 
with  C)  into  the  final  rays  S  S'  and  TT'.  It  is  evident  that  this  will  make  no  diflercnce  in  the  result,  for  ihc 
phases  in  which  each  ray  arrives  at  C  will  be  alike  ;  and  after  the  second  resolution  the  conspiring  vifamtioiu 
in  ihe  direction  S  S'  will  still  be  in  the  same  phase,  and  the  opposing  ones  in  the  plane  TT'  must  still  be 
regarded  as  in  opposite  phases,  /,  f.  as  diflering  by  Imlf  an  undulation.  Or,  secondly,  we  may  suppose,  thil, 
o^ving  to  any  cause,  the  two  resolved  rays  do  not  travel  with  equal  velocity,  (as  in  the  case  where  the  rtse^ 
lution  is  performed  by  donble  refraction,)  In  this  case,  if  i  be  the  interval  of  retardation  of  the  one  ray  OQ 
the  other  when  they  arrive  at  C,  i  will  represent  the  ditference  of  phases  of  the  two  rays  at  the  instant  of  their 
second  resolution.  Consequently,  when  resolved,  the  final  ray,  whose  vibratious  are  performed  in  S  S',  will  be 
the  mim ;  and  that  whose  vibrations  are  performed  in  TT',  the  difference  of  two  rays,  one  in  a  certain  phase  {6)^ 
the  other  in  the  phase  0  -|-  i  ;  or,'  which  is  the  same  thing,  die  former  will  be  the  mm  of  two  eompoaenU 
in  the  phases  0  and  0  +  i ;  the  latter,  the  iimn  of  two  in  the  phases  0  and  0  -f-  «  +  l^*^°i  so  that  still  the 
ditference  of  half  an  undulalion  is  to  be  applied.  In  the  case  of  fig.  195,  6,  if  we  imrsue  the  same  reasoniof, 
it  will  appear  that  this  ditference  still  subsists,  but  must  be  applied  conversely,  viz.  to  the  compound  ray  wbo«e 
vibrations  are  performed  in  C  S, 

We  have  here,  then,  the  tbeorelical  origin  of  the  allowance  of  half  aii  undulation,  in  those  cases  where  it  ii 
required  to  account  for  the  polarized  tints.  Art,  966,  and  of  the  rule  laid  down  in  Art.  972  for  its  correct  appH^ 
cation.  However  arbitrary  the  assumption  may  have  appeared  as  there  presented,  and  however  singular  it 
may  have  seemed  to  make  the  affections  of  a  ray  at  one  point  of  its  course  dependent  on  those  which  it  hid 
at  a  former  instant,  we  now  see  that  the  whole  is  a  direct  and  very  simple  consequence  of  the  ordinary'  elemeo- 
taryniles  for  the  composition  and  resolution  of  motions.  It  is  worthy  of  notice,  that  the  fact  was  ascertained 
before  the  theory  of  transverse  vibrations  was  devised,  so  that  this  theory  has  the  merit  of  affording  an  a  prtm 
explanation  of  what  bad  previously  all  the  appearance  of  a  mere  gratnitous  hypothesis. 

In  conceiving  the  resolution  of  a  ray  into  two  others  polarized  in  dilFerent  planes,  we  may  be  aided  by  the 
Application  analogy  of  the  tended  cord,  which  we  have  before  bad  occasion  to  refer  to.  In  fig.  liM)  let  A  B  be  a  stretched 
oi  ihe  ana-  ^^^^  branching  at  B  into  the  two  B  C  and  BD^  making  a  small  angle  with  each  other  at  B,  and  having  cither 
%imt\i^A  ^*  equal  or  unequal  tensions.  Suppose  the  plane  in  which  the  two  branches  lie  to  be  (tor  illustration's  sake)  hori- 
zontal, and  let  the  extremity  A  of  the  single  cord  be  made  to  ribrate  regularly  in  a  vertical  plane  ;  or,  at  leail 
let  tl>e  vibrations  of  the  cord,  before  arriving  at  B,  be  reduced  to  a  vertical  plane  by  means  of  a  small  pc 
vertical  guide  I  K,  against  which  the  cord  shall  press  lightly,  and  on  which  it  may  slide  freely  without  fir 
Beyond  the  point  of  bifurcation  B,  and  at  such  a  distance  that  the  excursions  of  the  molecule  B  shall  su£ 
no  sensible  angle  from  them,  let  two  other  such  polished  guiding  planes  be  placed,  inclined  at  diflferent  ( 
to  the  horizon,  and  making  a  right  angle  with  each  other.  Suppose  now  B  lo  make  any  excursion  from 
point  of  rest,  then  were  the  plane  E  P  parallel  to  I K,  the  molecule  of  the  branch  B  C  contiguous  to  £  F  won 
slide  on  E  F  through  a  space  equal  to  the  whole  excursion  of  B ;  but  since  it  is  inclined  to  I  K  at  an  anglt 
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(^  0)  a  part  only  of  the  motion  of  B  will  be  employed  in  causing  this  molecule  to  glide  on  E  F,  and  the 
remainder  will  cause  the  cord  to  bend  over  and  press  on  the  obstacle ;  but  by  reason  of  the  minnteness  of  the 
excursions  of  B,  this  bending  and  the  resistance  of  the  obstacle  and  consequent  loss  offeree  will  be  very  niinule 
and  may  be  neglected.  Now,  since  the  pressure  of  the  obstacle  removes  the  cord  from  the  position  it  would 
have  taken  had  no  obstacle  existed,  in  a  direction  perpendicular  to  its  surface,  it  is  easy  to  see  tliat  the 
amplitude  of  excursion  of  the  eontii^ious  molecule  on  (he  pfane  E  F  must  be  to  that  of  B  as  cos  &  to  radius ; 
and,  therefore,  calling  a  the  amplitude  of  B's  excursions,  a  ,  cos  0  will  be  that  of  the  molecule  contiguous 
to  E  F,  and  of  course  that  of  every  subsequent  molecule  of  the  branch  B  C.  Here  the  part  of  B's  motion, 
which  is  perpendicular  to  E  F,  is  not  expended  or  destroyed  in  bendin^y  the  cord  B  C  over  the  obstocle,  but 
remains  in  activity,  and  exerts  itself  on  the  branch  B  D,  causing  it  to  glide  on  the  plane  G  H  ;  and  the  ampli- 
tude of  the  excursions  of  the  molecule  in  contact  with  this  plane  will  in  like  manner  be  represented  by  a  .  cos 
(inclination  of  O  H  to  I  K,)  that  is,  by  a  ,  cos  (90  —  0),  or  by  a  .  sin  0,  The  vis  viva,  then,  in  each  of  these 
respective  planes  is  represented  by  ce'*  cos  *?*  and  a* .  sin  (?*,  whose  sum  is  equal  to  ot^  the  initial  vis  viva. 

If  we  decompose,  in  like  manner,  the  maximum  velocity  a  of  the  ethereal  molecule  C  (fig.  195)  in  the 
direction  C  P  into  two  in  the  respective  directions  C  O  and  C  E,  we  get  a  ,  cos  0  and  a  .  sin  0  for  the  elementary 
velocities  ;  and  since  the  amplitudes,  ctEterin  jtaribitx,  are  as  the  velocities,  (Art.  510,)  the  amplitudes  of  the 
component  rays  will  be  respectively  ct.  cos  0  and  a  *  sin  0 ;  and  their  intensities,  which  are  as  the  squares  of  the 
amplitudes,  (Art.  605,)  will  be  a^ ,  cos  0*  and  a* .  sin  0^.  Now  ihis  is  the  very  law  propounded  by  Mains  for  the 
intensities  of  tlie  two  portions  into  which  a  polarized  ray  is  divided  by  double  refraction,  and  of  which  the 
theory  of  transverse  vibrations  gives,  as  we  see,  a  simple  and  rational  a  priori  account^  thus  raising  it  from 
a  mere  empirical  law  to  the  rank  of  a  legitimate  theoretical  deduction* 

We  have  not  done  with  the  analogy  of  the  tentk-d  cord.  What  we  have  shown  in  Art  986  is  independent  of 
tlie  tensions  of  the  branches  into  which  the  cord  is  divided*  and  relates  only  to  the  amplitudes  of  their  excur- 
sions from  rest  when  thrown  into  vibration.  But  the  velocity  with  which  the  waves,  once  produced,  will  be 
propagated  along  either  branch  depends  solely  on  its  tension.  Nothing,  however,  prevents  the  tensions  of  the 
two  branches  from  being  very  different ;  for,  whatever  be  the  ratio  of  two  forces  applied  in  tlie  directions  B  C 
nnd  B  D,  they  may  be  balanced  at  B  by  a  proper  force  applied  along  any  other  line  as  B  A.  Hence  the  waves 
will  run  along  B  C  and  B  D  with  different  velocities.  Similarly,  if  we  conceive,  that  owing  to  the  peculiar 
constitution  of  crystallized  bodies,  and  the  relation  of  their  particles  to  the  ether  which  f>er\'ades  them,  its  mole- 
cules are  more  ea^sily  displaced,  or  yield  to  a  less  force  in  certain  planes  than  in  others  ;  or^  in  other  words, 
tlial  it  possesses  diflerenl  elasticities  in  different  directions;  then  will  the  planes  of  polarization  assumed  by 
the  resolved  portions  of  the  rays  determine  the  elasticities  brought  into  action,  and,  by  consequence,  the 
Telocities  of  their  propagation.  Now  we  hove,  in  a  former  section,  shown  that  the  bending  of  a  ray  at  the 
confines  of  a  medium  depends  essentially  on  its  velocity  within  as  compared  with  that  without,  by  the  analytical 
relations  deduced  from  the  *'  principle  of  swiftest  propagation."  A  diiference  of  velocity,  therefore,  draws  with 
it,  as  a  necessary  consequence,  a  diversity  (jf  path ;  and  thus  the  bifiircution,  or  double  refraction  of  a  ray 
incident  on  a  crystallized  surface,  presents  no  longer  any  difRculty  in  theory,  provided  we  can  find  an 
adequate  reason  for  the  resolution  of  its  vibrations  into  two  determinate  planes  at  the  moment  of  its  entering 
the  crystal 

Xict  us  take  (with  M.  Fresnel,  Amiakx  tie  Chimie^  xvii.  p.  179  et  steq.)  the  case  of  a  crystal  with  one  axis. 
We  may  regard  this,  or  rather  tlie  ether  within  it,  modified  in  its  action  by  the  molecular  forces  of  the  crystal, 
as  ail  elastic  medium  in  which  the  elasticity  in  a  direction  perpendicular  to  the  axis  is  ditferent  from  that  in  a 
direction  parallel  to  it,  that  is,  in  which  the  molecules  are  more  easily  compressible  in  the  one  than  in  the  other 
direction  ;  but,  equally  so  tn  all  directions  perpendicularly  to  the  axis,  on  whatever  side  the  pressure  be  applied. 
To  aid  our  conceptions  in  iman^ining  such  a  property,  we  may  assimilate  an  uniformly  elastic  medium  to  an 
assemblag'e  of  thin,  elastic,  hollow,  spherical  shells  in  contact ;  and  such  a  medium  as  we  are  considering",  to  a 
simitar  assemblai^ce  of  oblate  or  prolate  hollow  ellipsoids,  arranc^-ed  with  all  their  axes  parallel  to  one  common  direc 
lion,  which  is  that  of  the  axis  ofthe  crjstal,*  It  is  evident  that  the  resistance  of  the  spherical  assemblapfe  to  pressure 
must  be  the  same  in  all  directions,  but  that  of  the  spheroidal  must  ditfer  according-  as  the  pressure  is  applied 
perpendicularly  or  parallel  to  the  axis.  Thus,  it  is  easy  to  crush  an  eg'g'  by  a  force  applied  in  the  direction 
of  its  shorter  diameter,  which  will  yet  sutjtain  a  violent  pressure  applied  at  the  extremities  of  its  long^er.  It  is, 
moreover,  evident,  if  any  molecule  of  such  an  assemblage  were  disturbed,  so  as  to  throw  it  into  vibration,  that, 
provided  always  the  amplitude  of  its  excursions  were  extremely  small  compared  to  the  diameter  of  each  ellipsoid, 
the  immediate  tendency  of  the  vibration  ^vill  be  to  communicate  motion  to  two  strata  only  of  molecules,  viz.  that 
in  which  the  axis  and  equator  of  the  disturbed  molecule  lie  respectively,  since  it  is  only  at  the  poles  and  equator 
that  they  touch,  and  therefore  only  through  these  j joints  that  motion  can  be  communicated  from  one  to  the 
other.  Consequently,  any  motion  communicated  to  a  molecuie  of  such  a  mass  couhl  only  be  propa^^ated  by 
vibrations  perfbrrned  in  planes  parallel  and  perpendicular  to  the  axis.  Hence,  if  a  vibratory  motion  in  any 
plane  be  propagated  into  such  an  assemblage  of  particles  from  without,  it  will  immediately,  on  its  reaching^  it. 
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•  The  idea  of  spheroidal  moiecu/rt  m  Iceland  spar  suggested  itself  to  Huygent  (raiher  fancifully,  perhaps)  as  a  means  by  which  spbe* 
roiJal  iBtdutniiOTUi  might  he  propafated  through  it,  (Op.  fidiq.  torn.  i.  Tracfutut  de  Luminf^  p.  70,  cited  by  Wollastoti,  PhiL  Tram*  ciii. 
P  58;)  and  the  fast-nafned  eminent  Philosopber,  in  the  Bakerian  I^ecti  /e  for  1813»  has  moat  ingeniouily  shown  haw  suth  mokcylej  may  be 
comltoed  to  build  up  cryttaUf  having  the  primitive  forms  and  cleavage-  of  acuie  And  obtuse  rhomboids.  It  is  true,  that  in  all  X\m  there  in 
much  faypNOthefit;  and  it  should  be  observed,  Iqq^  that  the  cr^'stallogriphlc  structure  would  rec^tiire  oblute  spheroids,  ihhcrf  in  the  text  «e 
h«ve  employed  prelate,  aud  vice  vend.  But  we  intend  there  only  ita  tmalQgfy  not  a  theory.  It  would  be  ea«y  to  devise  hypoibetical 
iDo4e<  of  action  where  these  farms  might  be  reversed  if  oeedfuU 
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be  resolved  into  two,  in  the  planes  above  named;    and  these*  by  reason  of  the  diiiereni  daiticitifb .will  be 
propagated  with  different  velocities.  ^ 

The  reader  must  not  suppose  that  this  is  intended  for  an  account  of  the  real  mechaniam  of  orjataUiMd  bojiaa. 
It  is  merely  intended  to  show  that  it  is  not  absurd,  or  contradictory  to  sound  mechanical  principles,  to  Mrame 
that  such  tnay  be  their  constitution,  that  vibrations  can  only  be  propagated  through  them  by  molecular  excur- 
sions executed  in  planes  parallel  and  perpendicular  to  their  aies.  Assuming,  then,  that  auch  is  the  case,  the 
vibrations  of  a  ray  incident  on  such  a  crystal  will  be  resolved  into  two,  performed  in  these  respective  plaoes,  aod 
their  velocities  of  propagation  being  different,  the  rays  so  arising  will  follow  different  courses  when  bent  by 
refraction.  Let  us  first  consider  that  whose  vibrations  are  executed  in  planes  perpendicular  to  the  axis.  Since 
the  crystal  is  symmetrical  with  respect  to  its  axis,  and  equally  elastic  in  all  directions  perpendicular  to  it,  the 
velocity  of  propagation  of  this  portion  will  be  the  same  in  all  directions.  Its  index  of  refraction,  therefore,  will  be 
constant,  and  the  refraction  of  this  portion  will  follow  the  ordinary  law.  Moreover,  its  plane  of  polariiAlioo 
being  that  perpendicular  to  which  the  vibrations  are  performed,  will  necessarily  pass  through  the  axis,  in  which 
respect  it  also  agrees  with  the  ordinary  ray,  as  actually  observed. 

The  extraordinary  ray  arises  from  the  other  resolved  portion  of  the  original  vibration,  whidi  is  performed  in  a 
plane  parallel  to  the  axis.  By  the  principle  of  transverse  vibrations,  it  is  also  performed  in  a  plane  per* 
pendicular  to  the  ray.  If,  then,  we  suppose  a  plane  to  pass  through  the  extraordinary  ray  and  the  axis,  it  will 
cut  a  plane  perpendicular  to  the  ray  in  a  straight  line,  which  will  be  the  direction  of  the  vibratory  motion.  Thb 
direction,  then,  is  inclined  to  the  axis  in  an  angle  equal  to  the  complement  of  that  made  by  the  extraordinary 
ray  with  the  latter  line,  and  therefore,  when  the  extraordinary  ray  is  parallel  to  the  axis,  the  line  of  vibratioii  is 
perpendicular  to  it,  and  vice  versd.  In  the  former  case,  the  elastic  force  resisting  the  displacement  of  the  mole-  • 
ciiles  is  the  same  as  in  the  case  of  the  ordinary  ray,  and  therefore  the  velocities  of  both  rays  are  equal,  and 
their  directions  coincide,  and  thus  along  the  axis  there  is  no  separation  of  the  rays.  In  the  latter,  the  elasticity  ^ 
is  that  parallel  to  the  axis,  and  therefore  differing  from  the  former  by  the  greatest  possible  quantity.  Here»  then,^ 
the  difi*erence  of  velocities,  and  therefore  of  directions  is  at  its  maximum.  In  intermediate  situations  of  i 
extraordinary  ray,  the  elasticity  developed  is  intermediate,  and  therefore  also  the  velocity  and  double  refraction— .n 
Thus  we  see,  that  according  to  this  doctrine  the  difference  of  velocities,  and  consequent  separation  of  the  pcndli^fj 
should  be  nothing  in  the  axis,  and  go  on  increasing  till  the  extraordinary  ray  is  at  right  angles  to  it,  uriiich  f 
conformable  to  fact.  Lastly,  the  plane  of  polarization  of  the  extraordinary  ray  being  at  right  angles  to 
plane  of  vibration,  must  also  be  at  right  angles  to  a  plane  passing  through  the  ray  and  the  axis,  which  Is 
conformable  to  fact. 

The  theory  of  M.  Fresnel  gives  then,  as  we  see,  at  least  a  plausible  account  of  the  phenomena  of  dnnhl^  Mh 
refraction  in  the  case  of  uniaxal  crystals ;  and  when  we  consider  the  profoimd  mystery  which,  on  every  i 
hypothesis,  was  admitted  to  hang  over  this  part  of  the  subject,  we  must  allow  that  this  is  a  great  and  imp 
tant  step.     But  the  same  principles  are  equally  applicable  to  biaxal  crystals  with  proper  modifications, 
(which  is  a  strong  argument  for  their  reality)  lead,  when  so  applied,  to  conclusions  which,  though  totally  i 
variance  with  all  that  had  been  taken  for  granted  before,  on  the  grounds  of  imperfect  analogy  and  insu 
experiment,   have    been    since   verified   by   accurate  and  careful  experiments,  and  have  thus   opened  a 
and  curious  field  of  optical  inquiry      Nothing  stronger  can  be  said  in  favour  of  an  hjrpothesis,  than  that 
enables  us  to  anticipate  the  results  of  experiment,  and  to  predict  &cts  opposed  to  received  notions,  and  mi^Bi- 
taken  or  imperfect  experience. 

But  before  we  enter  on  this,  it  may  be  right  to  show  how  the  phenomenon  on  which  the  theory  of  mofstisii 
polarization  is  founded,  is  accounted  for  by  the  doctrine  of  transverse  vibrations.     According  to  this  theory,     ^m$ 
soon  as  a  polarized  ray  enters  a  crystal,  it  commences  a  series  of  alternate  assumptions  of  one  or  other       ^ 
two  planes  of  polarization,  in  the  azimuths  0^  and  2  t,  t  being  the  inclination  of  the  principal  section  to 
plane  of  primitive  polarization :  the  plane  assumed  being  in  azimuth  0^,  when  the  thickness  traversed  is  i 
as  to  render  the  interval  of  retardation  of  the  ordinary  on  the  extraordinary  ray  0,  or  any  whole  nambsf 
undulations,  and  in  azimuth  2  i  when  it    is  any  whole  odd  number  of  semi-undulations.      Suppose  a  r 
polarized  in  the  azimuth  0  to  be  incident  perpendicularly  on  a  crystallized  lamina^  having  its  principal 
tion  in  the  azimuth  i,  then  it  will  be  resolved  into  two,  the  vibrations  of  which  are  respectively  perfbrmeid  in  tke 
principal  section,  and  perpendicular  to  it.     Consequently,  if  we  represent  by  unity  the  amplitude  of  the  originif 
vibrations,  those  of  the  two  resolved  vibrations  will  be  equal  respectively  to  sin  i  and  cos  i.     Now,  the  thick- 
ness of  the  plate  being  first  supposed  such  as  to  render  the  interval  of  retardation  an  exact  number  of  nndnh* 
tions,  these  rays  will  emerge  from  the  lamina  in  exact  accordance,  and  being  parallel,  the  systems  of  waves  of 
which  they  consist  will  run  on  together.     Being  polarized,  however,  in  opposite  planes  they  will  neither  destroy 
each  other,  nor  produce  a  compound  ray  equal  to  their  sum,  but  their  resultant  must  be  determined  as  is 
Art.  623.     For  we  have  here  the  case  of  rectilinear  vibrations,  in  complete  accordance,  of  given  amplitodei, 
and  making  a  given  angle  (90^)  so  that  the  result  there  obtained  is  immediately  applicable  tQ  this  caae^  and 
the  resultant  vibration  will  be,  first,  rectilinear,  so  that  the  compound  ray  will  appear  wholly  polarized  in  one 
plane :  and,  secondly,  its  amplitude  will  be,  both  in  quantity  and  direction,   the  diagonal  of  a  parallelogrur 
whose  sides  are  the  amplitudes  of  the  component  vibrations.     Consequently,  it  will  be  identical  with  that  h 
whose  resolution  these  were  produced,  and  therefore  the  resultant,  or  emergent  compound  ray  will  be,  in  reaper 
both  of  its  polarization  and  intensity,  precisely  similar  to  the  original  incident  one. 

When  the  difference  of  paths  within  the  crystal  is  an  exact  odd  multiple  of  ht^lf  an  undulation,  the  waves 
their  egress  fn)m  the  po.sterior  surface  will  be  in  complete    discordance.      But  their  resultant  may  still 
determined  by  the  same  rule,  regarding  either  of  the  rays  as  negative,  i.  e.  as  having  its  vibrations  exeeu 
in  the  opposite  dnrection.     Fit  suppose  the  molecule  C  moving  in  the  direction  C  P,  with  the  velocity  f 
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(fig.  197)  at  the  entry  of  the  ra^s  V\\cB  ^e  te^  W^jj  velocities  in  tlie  planes  C  O  and  C  E  will  be  repre- 
2»ettterl  in  qimtility  and  direction  h\  CO  ^^Hi  C  X^'  But  at  their  efrre^s,  the  vibrations  in  the  direction  C  E 
I  ha%'ing  grained  or  bsl  a  haH\mdnkl\on  on  ihos^  in  CO,  if  C  O  rejjref^ent  the  qaanlity  and  direction  of  motion 
I  of  tJie  molecule  C  in  ihat  plane,  C  E^  equivl  and  opposite  to  C  E  will  represent  its  motion  in  the  other  plane, 
j-nnd  this,  combined  with  CO  will  compose,  not  the  original  motion  C  P,  as  in  the  former  case,  bnt  C  Q,  making 
I  »ri  equal  angle  with  C  O  on  the  other  side.  The  resultant  ray,  then»  instead  of  being*  polarized  in  the  plane 
I  of  the  incident  one,  (L  e.  peq^endicular  to  C  P)  will  be  polarized  in  a  plane  perjjendicnlar  to  C  Q»  niakinj^ 
|:eti   angle  ecpml  u>  P  C  Q  (=  2  P  C  O  =;=  2  i)  with  CO. 

i  When  the  diJlerence  of  routes  is  neither  an  exact  number  of  wholes  or  half  undulations,  the  vibrations  of 
|l^e  resultant  ray  (by  Art  621)  will  no  longer  be  rectilinear,  but  elliptic;  and  in  the  particular  case  when  the 
interval  of  retardation  is  a  quarter  or  an  odd  number  of  quarter  undulations,  it  will  be  circular.  In  this  case. 
Il^iie  emergent  ray,  varying  its  plane  of  vibration  every  instant,  will  appear  wholly  depolarized,  so  as  to  give 
l^wo  equal  Images  by  double  refraction  in  all  positions  of  the  anal y. sing  prism. 

i       These  several  consequences  may  be  rendered  strikingly  evident  by  a  delicate  and  curious  experiment  related 

fcy  M.  Arago.     Lei  a  polarized  pencil^  emanating  from  a  single  radiant  point,  be  incident  on  a  double  rliomboid 

Df  Iceland  spar,  composed  of  two  halves  of  one  and  the  same  rhomlKud,  superposed  so  as  to  have  their  principal 

j^ections  at  right  angles  to  each  other.     Then  the  emergent  rays  will  emanate  as  if  from  two  points  (see  Art,  879) 

Kiear  each  other,  and  polarized  in  opposite  planes.     Let  these  two  cones  of  rays  be  received  on  an  emeried  glass, 

or  io  the  focus  of  an  eye-lens,  so  that  the  glass  or  tield  of  view  shall  be  iliyminated  at  once  by  the  light  of  both. 

Which  being  oppositely  polarized  will  exhibit  no  fringes  or  coloured  phenomena,  but  merely  a  uniform  illumina- 

l^tou  ;   and  let  alt  the  light  but  that  which  falls  on  a  single  very  small  point  of  ttie  field  of  view  be  stopped  by  a 

late  of  metal,  with  a  small  hole  in  it,  so  as  to  allow  of  examining  the  state  of  polarization  of  the  comtjound  ray 

lluminating  this  point,  separately  from  all  the  rest.     Then  it  will  be  seen,  on  analysing  its  light  by  a  tourmaline 

r  donbte  refracting  prism,  that,  when  the  spot  examined   is  distant  from  iioth  radiants  by  the  same  number  of 

adulations,  although  in  fact  composed  of  two  rays  oppositely  polarized,  (as  may  be  proved  by  stopping  one  of 

jkhem,  and  examining  the  other  singly,)  yet  it  presents  the  phenomenon  of  a  ray  completely  polarized  in  one 

Diane,  which  is  neither  that  of  the  one  or  the  other  of  its  component  rays,  but  the  original  plane  of  polarization  of 

the  incident  light.    Supfiosenow,  by  a  fine  screw  we  shift  gradually  the  place  of  tbts  metal  plate  so  as  to  bring  the 

dole  a  little  to  one  or  llie  other  side  of  its  former  place.     The  ray  which  illuminates  it  will  appear  to  lose  its  pola- 

fcized  character  as  the  motion  of  the  plate  proceeds,  and  at  length  will  offer  no  trace  of  polarization;  continuing  the 

ftaiotion,  and  bringing  in  succession  other  points  of  the  field  of  view  under  examination,  the  light  which  passes 

i.hrough  the  hole  will  again  appear  polarized,  at  first  partially,  and  at  length  totally;  not,  however,  as  before,  in  the 

J>lane  of  primitive  polarization,  but  in  a  plane  making  with  it  twice  the  angle  included  between  it  and  the  principal 

Bection  of  the  first  rhomboid,  and  so  on  alternately.     Thus  we  are  presented  with  the  singular  phenomenon  of  two 

pays  polarized  in  planes  at  right  angles,  which  produce  by  their  concourse  a  ray  either  wholly  polarized  in  one  or 

lft.he  other  of  two  planes,  or  not  polarized  at  all,  according  to  the  difference  of  routes  of  tlie  rays  before  their  union. 

In  1821,  M.  Fresnel  presented  to  the  Academy  of  Sciences  of  Paris  a  Memoir,  containing  the  general  uppli- 

b^atton   of  the  principle  of  transverse  vibrations  to   the   phenomena  of  double  refi-ac;ion  and  polarization  as 

exhibited  in  biaxal  crystals,  which  was  read  in  November  of  that  year.     A  brief  report  on  the  experimental 

l^arts  of  this  Memoir  by  the  Committee  of  the  Academy  appointed  to  examine  it,  about  half  a  dozen  pages,  was 

ubiished  in  the  Annalejf  de  Chimk^  vol.  xx.  p.  337,  recommending  it  to  be  printed  a-s  speedily  as  p'ossible  in 

e    collection    of  the  M^moires  des   Savans  Eirarigers,     We  are  sorry   to  observe,  that  this  recommendation 

as  not  yet  been  acted  upon,  and  that  this  important  Memoir,  to  the  regret  and  disappointment  of  men  of  science 

roughout  Europe,   remains  yet  unpublished  ;  though  We  trust  (from   (he  activity  recently  displayed  by  the 

fAcademy  in  the  publication  of  their  Memoirs  in  arrear)  this  will  not  long  continue  to  be  the  case.*     Aa 

'mbstract  by  the  author  himself,  which  appeared   in  the  BuUdm  de  la  Socidte  Phiiomaliqite  of  1822,  and  was 

subsequently  reprinted  in  the  Aiuiatca  de  CAimie,  1825,  enables   us,   however,  to  present  a   sketch,  though  an 

imperfect  one,  of  its  contents,  supplying  to  the  best  of  our  ability  the  demonstration  of  the  fundamental  pro- 

])ositions,  and  reaping  a  melancholy  gratification  from  the  inadequate  tribute,  which,  in  thus  introducing  for 

the  6rst  time  to  the  English  reader  a  knowledge  of  these  profound  and  interesting  researches,  we  are  enabled 

to  pay  to   departed  merit.     His  saii^^n  acamiiileni  doniit—et  fungar  inmii  muner^.     For  even  at  the  moment 

when  we  are  recording  his  discoveries,  their  author  has  been  snatched  from  science  in  the  midst  of  his  brilhant 

career  by  a  premature   death,  like   his  hardJy  less   illustrious  contemporary,  Fraunhofer,  the  early  victim  of  a 

weakly  constitution  and  emaciated  frame,  unfit  receptacles  for  miuds  so  powerful  and  active. 

M.  Fresnel  assumes,  as  a  poslulatum,  ihat  the  displacement  of  a  molecule  of  the  vibrating  medium  in  a 
crystallized  body  (whether  that  medium  be  the  ether,  or  the  crystal  itself,  or  both  together,  in  virtue  of  some 
mutual  action  exercised  by  them  on  each  other,)  is  resisted  by  different  elastic  forces,  according  to  the  ditferent 
directions  in  whit:h  the  displacement  takes  place.     Now  it  is  easy  to  conceive^  that  in  general  the  resultant  of 

*  Thii  delay  has  been  productive  of  a  sitigular  consequence,  which  will  iniflflce  to  «hoiv  the  tmatl  degree  of  publicity  which  labours,  even 
the  mott  importaiit,  can  acc^trire  by  the  circnlaliou  of  such  notices  as  those  nientiontdi  in  the  ieitt.  So  lately  as  December  1&26,  Uie 
IcDpeniil  Academy  of  Sciences  of  Pelerabiirg  proposed  as  one  of  Iheir  prize  questions  for  tlie  two  years  1827  and  1828,  tbe  following*  ^*  To 
ddivrr  the  optical  tifuttm  nf  wave*  from  aU  the  ohJccti&nM  which  have  [as  it  appear*)  with  jtattctf  fteen  urged  agmntt  it,  and  *w  applif  il  Iq 
Ike  p^amaiUm  and  dmtbie  re/ruction  ofiiffkt."  In  Ihc  programme  annouactng  this  prize,.  M,  Fresner*  re$earchea  on  the  subject  are  ool 
fttlud^cl  to  (though  his  Memoir  ott  Di^f action  is  noticed  j)  Jind  it  is  fair  to  conclude,  were  not  then  known  to  the  Academy.  Precisely  one 
month  before  the  publie:iuon  of  thi^  pmgframina,  the  Royal  Society  of  tjondon  awarded  their  Rutnford  Metlal  to  M^  Fresnel,  *'  for  his  apuli-^ 
cation  of  the  undulatory  theory  to  ihe  pheoomena  of  poladied  light,  and  for  his  important  experimental  researches  and  discoveries  in  physical 
optics.**     Our  readera  will  be  gritified  to  know,  that  the  vaiuible  mark  of  this  high  dUlinction  reached  him  *  few  diys  before  his  death, 

4  A  2 


Part  IV. 


9Db 


996. 
Kxperiment 
CKbibitinj^ 
the.'ie  .several 
ca*m  of 
intcrfe  rente 


997. 
Fre^iner* 
^^cEieral 
theory  of 
double 
refraction. 


998. 
(general  ejc- 
presiioo  for 
the  elastir 
forces  of  a 
me<lium  in- 
vestigated. 


LIGHT, 


Principle  of 
pi  rib  I  dis* 
plEtcements, 


ill!  ihe  m3leculer  forces  which  act  on  a  displaced  molecule,  is  not  necessarily  parallel  to  the  direclion  of  itsdii- 
plucenients  when  the  partial   tbrces  are  tmsyminiitrically  related   lo  this  direction,  but  the  propositioQ  may  be  ^ 
demonstrated  d  priori,  as  follows,     Suppose  three  coordinates  x,  y^  and  ?,  to  represent  the  partial  displaoemeati 

of  any  molecule  M  in  their  respective  directions,  and  r  (=  '^  jt*  +  ^*  +  2*)  the  total  displacement,  making  angles 
a,  ^,  7,  respectively  with  the  axes  of  the  x^  y^  z^  so  that  jf  =  r  .  cos  #1,  y  ^r  r ,  cos  p^  z  ^^r  ,  cos  7.  Now,  since  ia 
this  theory  we  assume  that  the  displacements  of  the  molecules  are  infinitely,  or  at  least  extremely  small  com- 
pared with  the  distances  of  the  molecules  inter  m,  it  is  evident  that  whatever  be  the  law  of  molecular  action,  the 
force  resulting^  from  any  displacement  must  {asteris  paribus}  be  proportional  to  the  linear  mag-nitnde  of  that  di^ 
placement,  and  can,  therefore,  be  only  of  the  form  r .  0,  where  0  is  some  unknown  function  of  the  angles  «,  fi,  7, 
or  their  cosines.  And,  moreover,  since  such  infinitely  small  displacements,  in  whatever  direction  made,  neither 
alter  the  angular  position,  nor  distance  of  the  displaced  molecule  among  the  rest,  by  any  sensible  quantity,  all 
their  forces  will  act  on  it  in  its  displaced  position  in  the  same  manner  as  betbre.  Hence  the  total  force  deve- 
loped by  the  simultaneous  displacements  x,  y^  z,  or  by  the  sing^le  displacement  r  must  be  equivalent  to  (or  the 
statical  resultant  of)  the  three  which  would  be  developed  independently  by  the  several  partial  displacements 
iT,  ^.  1.  Now  the  it>rce  on^natinj^  in  the  partial  displacement  x  alone  will  result  from  r0  by  makipg  r  ^  r  and 
0  equa'  lo  fl,  where  a  is  the  same  function  of  1,  0,  0,  that  0  is  of  cos  e,  cos  /?,  cos  7,  a  therefore  is  a  cob- 
stant  depending  only  on  the  position  of  the  axes  of  the  x,  y,  2  with  respect  to  the  molecules  of  (he  crj^taL 
And  when  this  partial  force  ^  ax  is  resolved  iuto  the  directions  of  these  se%'eral  axes,  since  its  direction  {what- 
ever it  be)  is  determinate,  the  resolved  portions  can  only  he  of  the  form  A  x,  A'  x.  A'''  x,  where  A,  h\  A"  are  in 
like  manner  dependent  only  on  the  position  of  the  coordinates  x,  y,  2  with  respect  lo  the  molecules,  and  not  at 
all  on  a,  ^,  7,  which  are  arbitrary,  and  where  A*  -f-  A'*  -J-  A"*  ^  a'^*  The  same  being  true  of  the  partial  forces 
brought  into  play  by  the  displacements  y  and  1,  it  follows  that  the  total  force  arising  from  the  displacement  r 
must  be  the  resultant  of  tlie  three  forces 
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respectively  parallel  to  the  axes  of  the  x,  y,  2,  where  the  coefficients  are  independent  of  a,  p^  7,  and  where»  in  like 
manner,  B^  +  B'"  +  B''*  =  b\  C*  +  C*  +  C*  =  c^.     But  wc  have  x  ^  r .  cos  «,  3^  =  r .  cos)3,  s  =  r  .  cos  7, 
that  if  we  put 

/  =  r    {  A  .  cos  A  +  B  .  cos  ^  +  C  .  cos  7  }  , 

f  ^  r    {  A' .  cos  a  +  B\  cos  ^  -f  C  .  cos  7  }  , 

f^r    {  A",  cos  a  -h  B".  cos  /3  +  C".  cos  7  }  , 
the  resultant  of  f,f*,  /"  will  be  the  force  urg:in^  the  displaced  molecule. 

Now  these  forces  acting  in  the  directions  of  the  coordinates  may  each  be  decomposed  into  two,  one  in  the 
direction  of  the  displacenient  r,  and  the  other  at  right  ang^les  to  it  in  the  planes  respectirely  of  r  and  x,  r  and  jf. 
r  and  z^  the  sum  of  the  former  will  be 

F  =  /.  cos  a  +  /'  .  cos  /8  +  /^'  »  cos  7, 

which  is  the  whole  force  tending*  to  urg^e  the  displaced  molecule  directly  to  its  position  of  equilibrium.  The  I 
will  be  respectively  equal  to/,  sin  a^f^ ,  sin  fi,  midP  .  sin  7  ;  but  as  they  act,  although  in  one  plane,  yeC  not 
the  same  direction,  they  will  not  destroy  each  other,  unless  they  be  to  each  other  in  the  ratio  of  the  sines  of  ifce 
ang-les  they  make  with  each  other's  direclion.  But  it  is  evident,  that  since  o,  ^,  7  are  arbitrary,  this  condition 
cannot  hold  g-ood  in  general,  because  it  furnishes  two  equations,  which,  taken  in  conjunction  with  the  relation 
cos  a' +  cos  ^  H- cos  7*  —  1,  suffice  to  determine  n, /3, 7,  Hence  it  folio WS|  that  the  displaced  fnoUcuU  u^ 
except  iif  cf^rtain  cases,  urged  hy  the  dastic  /orcein  of  the  mrdiujn  ohliqudy  to  the  direction  of  its  disphtccTnent 

Mr.  Fresuel  next  goes  on  to  observe,  that  in  g'eneral  every  elastic  medium  has  three  rtciangular  oxer,  in  tht 
direction  of  which ^  ^f^  molecule  be  displaced,  the  residiant  of  the  molecular  forces  urging  it  will  act  in  tlu 
direction  of  its  dufpla  cement.  These  are  the  excepted  cases  jnst  alluded  lo,  and  to  the  axes  possessing  this  pro- 
perty, (which  he  regards  as  the  true  fundamental  axes  of  the  crystal,)  he  gives  the  name  of  A^es  of 
Elasticity. 

To  demonstrate  this  proposition  we  must  observe,  that,  by  mechanics,  in  order  that  the  resultant  of  three 
rectan  ^  I  ar  forces^  y*,/''  shall  make  angles  «,/?,  7  with  their  three  directions,  and  therefore  be  coincident  in  direc 
tion  with  r,  they  must  be  to  each  other  in  the  ratio  of  the  cosines  of  these  angles,  and  therefore  we  must  have 
following  equations  expressive  of  this  condition, 

/  __  cos  a    /  _  cos  a        /'  _  COS  P 
f  ^   COS  /3 '  /"  ~  cos  7  '  f^   ~^   COS  7' 

Hiese    three    equations    are   m   general    equivalent    to  two  only,    but   when    combined    with    the    equation 

cos  a*  -(-  cos  /3*  4-  cos  7'  =2  I  resulting  from  the  geometrical  conditions  of  the  case,  they  suffice  to  determine 
o,  p,  and  7  ;  and  if  we  put  w,  r,  w  for  the  cosines  of  these  angles,  furnish  the  following  system  of  equation* 
which  every  axis  of  elasticity  must  satisfy. 

(A  M  +  B  c  +  C  M?)  0  =r:  (A'  tf  +  B^  y  +  C*w)  w, 

(A«  +  B^  +  Qw)m—ih:'u  4-  B"tJ+  C"tp)w, 

(A'm  +  B'  u+:C'uO  t£^  =  (A"  u  Hr  B''  e  ^  a^  w)  v, 
««  + t?^  +  «^  —  I. 


ID  direc-      ' 
lAve  the     J 


Suppose  by  elimination  we  have  derived  from  tlmse  equations  the  position  of  one  axis  of  elasticity,  then  it  will 
follow  of  necessity,  that  two  others  must  exist,  at  right  angles  to  it  and  to  each  other.  To  prove  this,  we 
must  consider  the  connection  between  the  partial  forces  developed  by  any  displacement  of  the  moiecule  M,  and 
the  molecular  attractions  and  repulsions  of  the  medium.  Let  0  be  the  action  of  any  molecule  d  m  on  M»  which  we 
suppose  to  be  exerted  in  the  direction  of  their  line  of  junction,  and  to  be  a  function  of  their  mutual  distance  p. 
Then,  if  we  suppose  M  displaced  by  any  arbitrary  quantities  Jjf,  S^,  ^z  (infinitely  small  in  oomparison  with  f) 
in  the  direction  of  the  three  coordinates,  we  have 
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and  putting 


^  = 


S0  =  f-J:r+^Sy+^^2).^^, 
\p  P  p      /     dp 

— ^,     and  —  =  cos  X,     ^  :=  cos  ^    —  =s  cos  v, 
dp  p  p  p 


we  have  ^  0  z:  "^  .    ^  6  j  .  cos  X  -|-  I  3^  .  cos  p  +  ^  p  .  cos  v  }  . 

Consequently,  since  the  force  of  the  motecule  d  m^  resolved  into  the  directions  of  the  coordinates,  is  respective! 

equal  to 


(0  +  S  0)  dm.  —^ 

P 


(0+S0)dm. 


P 


and  (0  +  80)  tfm.^, 

P 


Uie  sum  of  alt  these  throughout  the  medium  will  be  the  total  action  on  M ;  but  since  in  the  original  position  of 
the  molecule  M  it  is  In  equitibrio,  we  have 

f^pdm  .  —  =:  0,    f<pdm.  —  —  0»  aiid/0rfm.—  =s  0, 

so  tliat  the  whole  action  of  the  medium  on  M  in  its  displaced  situation  will  be«  in  the  three  directions 


^    P 


6  0, 


^    P 


f  ^  dm. 


a0; 


that  is,  tn  the  direction  of  the  j, 

y  0'  if  *n  ,  {  COS  \«  8  J  -f-  C08  /^  .  5  y  +  cos  1^ ,  J  «  }  ; 

^  X,  5  y,  B  :r,  are  the  partial  displacements  of  M  in  the  directions  of  the  coordinates,  and  are»  therefore,  the  same 
we  denoted  in  Art,  998  by  x,  ^,  2.  Restoring  these  denominations,  we  see  that,  on  this  hypothesis,  (the  most 
natural  which  can  be  formed  respecting  the  mode  of  molecular  action)  the  coeffictents  A,  B,  C»  can  be  no  other 
than  the  following, 

A  ^J* ^  dm  *  cos  X\     B  =  y  0'  d  m  .  cos  X  .  cos  /I*     C  =  ^ 0^  d  m  .  cos  X .  cos  v ; 
and  by  similar  reasoning  we  find 

A'  ^^J*<p'dm.  cos  X  .  cos  ^     W  ^  J^  ^*  d  m  ,  cos  /*\  C '  ^  y  0'  d  wi ,  cos  p. .  cos  v ; 

A''  s  y  0'  d  m  ,  cos  X  .  cos  v,    B '  =  ^  0'  d  #»  .  cos  /* ,  €os  v,     C  =  ^  0'  d  m .  cos  v' ; 

and,  Gonsequently»  the  following  relations  must  necessarily  subsist  between  these  coefhcients 

B  :^  A',    C  =  A",     C  =  B". 

This  premised,  suppose  we  have  determined  one  axis  of  elasticity  of  the  medium  by  the  foregoing  equations. 
Since  the  positions  of  the  axes  of  the  coordinates  are  arbitrary,  we  are  at  liberty  to  suppose  that  of  the  x  coin- 
cident with  the  axis  so  determined,  which  renders  A'  =  A"  ^  0,  and  consequently  B  ^  O  and  C  ^^  0,  and 
W  s  C,  because  the  relations  above  demonstrated  are  general  and  independent  of  any  particular  situation  of 
the  axes.     The  equations  of  Art.  lt^OO  then  become 

Auv=iWv  +  C*w)u,     Auw  ^  (B" v  +  C w)  % 

(B'  tJ  +  C  t£>)  w  =  {C'f?  -f-  C"«j)  V,     fi*  +  »*  H^  «*■  =r  L 

Now  if  we  put  «  s=  0,  or  a  =  90^,  the  two  former  of  these  are  satisfied  without  any  relation  supposed  between 
tr  and  w,  so  that  if  we  determine  these  from  the  two  latter  only,  the  whole  system  will  be  satisfied.  These 
(making  u  ^^  0)  give  at  once  by  elimination 

^     2\         ^/4^i+iy  V     3\^V4f»"+l/ 
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— — ^*     Now  since  m'  is  necessarily  positive,  4  m"  +  1  is  so^  and  is  >  1 ;  therefore  ""T^^ 


^erem=s„,      _..  ^ _        .    _,  , 

;  m«  +  I 

ifi  real  and  <  1,  consequently  a?*  and  u*  are  both  positive,  and  therefore  t^  and  w  both  real,  and  less  than  unity. 
Hence  it  follows,  that  there  are  necessarily  two  axes  at  rigfht  angles  to  the  r  which  satisfy  the  conditions  of  axes 
of  elasticity,  and  the  opposite  signs  of  u  and  w  show  that  they  are  at  right  angles  to  each  other. 

For  simplicity,  therefore,  we  will  Infiiture  suppose  the  directions  of  the  coordinates  to  be  coincident  with  those 
of  the  axes  of  elasticity,  so  as  to  make 
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then  we  have  by  Art,  998  for  the  partial  forces, 

/■=  ajt  =^  ar  ,  cos  »,      /' :=  & y  ^  ft  r  ,  cos ^,      jT"  =  c  a  =  c  r  ,  cos 7, 
and  by  999, 

¥  —  r  {  a .  cos  «*  +  ft  ♦  cos  ^  +  c .  coa  7*  } 

for  the  whole  force  ur^ng  the  raolecule  M  in  the  direction  of  the  r,  generally  assumed,  in  which  it  will  be 
observed  that 

a  ^J^(p* .  cos  X'  dm^       b  =^f<t>'  *  cos  fA*dm,       c  =  J'^' ,  cos  i'"  d  m. 

1004.         M.  Presnel  next  conceives  a  surface,  which  he  terms  the  "  Surface  of  Elasticity,^'  constructed  accordiDg  to 

The  surface  following  law  : — on  each  of  the  aj:e$  of  tlasHciiy,  and  on  every  radius  r  drawn  in  all  directions,  take  &  leogtlr 

Yf^t^^^d  P>'"P*^rtJc»nal  to  the  square  root  of  the  elasticity  exerted  on  the  displaced  molecule  by  the  medium  in  the  dir«e- 

iDVMtigated  tiou  of  the  radius^  or  to  v^  F,     Then  if  we  call  R  this  length,  or  the  radius  vector  of  the  surface  of  elastic  it j,  mt 

shall  have 

11'  =:  {ar  ,  cos  a*  ^  br\  cos  ^^  +  c  r .  cos  7'  }  X  const. 

Its  raHius     The  valucs  of  R  parallel  to  the  axes  are  then  had  by  the  equation 

vector  ex- 

p»*si«i.  R*  :=  const  a r,     R*  =  const  X  A  r,     R"  =  const  x  cr 

which  (for  brevity,  as  we  shall  have  no  further  occasion  to  recur  to  our  fonner  denominations)  we  shall  enprcs 
simply  by  a*j  ft*,  c\  so  that  the  equation  of  the  surface  of  elasticity  will  be  of  the  form 

R*  =:  fl« .  cos  X*  +  ft",  cos  Y*  4*  c* ,  cos Z*» 

where  X,  Y,  Z.  now  stand  for  o.  ^.  r^,  the  anjrles  made  by 
1005. 
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where  X,  Y,  Z,  now  stand  for  o»  fi^  7,  the  angles  made  by  R  with  the  axes  of  the  coordinates. 

Let  us  now  imagine  a  molecule  displaced  and  allowed  to  vibrate  in  the  direction  of  the  radius  R,  and 
retained  in  that  line,  or  at  least  let  us  neglect  all  that  part  of  its  motion  which  lakes  place  at  right  angles  to 
the  radius  vector.  Then  the  force  of  elasticity  by  which  its  vibrations  are  governed  will  be  proportional  to  R', 
and  the  velocity  of  the  luminous  wave  propagated  by  means  of  them,  in  a  direction  transverse  to  them  (oral 
right  angles  to  R)  will  be  proportional  to  R,  so  that  the  surface  ol' elasticity  being  known,  the  velocity  of  a  wave 
transmitted  through  the  medium  hi  a  given  direction,  and  with  a  given  plane  of  polarization  will  be  had  at  once 
as  follows.  Parallel  to  the  surface  of  the  wave,  and  at  right  angles  to  its  plane  of  polarization  draw  a  straight 
line,  This  will  be  the  direction  of  the  vibrations  by  which  the  wave  is  propagated.  Parallel  to  this  line  draw  a 
radius  vector  to  the  surlace  of  elasticity,  and  it  will  represent  the  wave's  velocity. 

The  equation  of  the  surface  of  elasticity,  if  we  put  for  R,  cos  X,  cos  Y,  cos  Z,  their  values  in  terms  of  three 
coordinates  will  become 

It   is,  therefore^  in  general  a  surface  of  the  fourth  order.     If  wc  suppose  it  cut  by  a  plane  passing  througli  iU 
centre,  whose  equation  must  therefore  in  general  be  of  the  form  m  j  -j-  71^  +  p^  ^  0,  the  curve  of  iutersectioMr' 
will  be  a  species  of  oval  whose  diameters  are  not  necessarily  all  equal. 

Suppose  now  any  molecule  set  in  vibration  in  this  plane,  then  at  any  period  of  its  motion  it  will  not  he  uT(rtA 
directly  to  its  point  of  rest  but  obliquely,  so  that  it  will  not  describe  a  straight  line,  but  will  circulate  in  a  curve 
more  or  less  complicated ;  its  motion  in  this,  however,  will  always  be  resolvable  into  two  vibratory  rectilinear  ones  at 
right  angles  to  each  other,  one  parallel  to  the  greatest,  and  the  other  to  the  leasts  diameter  of  the  section.  Eachdf 
these  vibratory  motions  will,  by  the  laws  of  motion,  be  performed  independently  of  the  other,  and  therefore  the  molkiB 
propagated  through  the  crystal  will  affect  every  molecule  of  it  in  the  same  way  as  if  two  separate  and  indepeodeit 
rectilinear  vibrations  (at  right  angles  as  above)  were  propagated  through  it,  with  ditferent  velocities.  Consequently 
every  system  of  waves  propagated  from  without  into  the  crystal,  will  necessarily  on  entering  it  be  resolved  into  two 
propagated  with  different  velocities,  and  polarized  in  planes  at  right  angles  to  each  other,  viz,  those  parallel 
respectively  to  the  greatest  and  least  diameter  of  a  section  of  the  surface  of  elasticity  parallel  to  the  plane  of 
cither  wave.  And  as  every  difference  in  the  velocities  of  two  waves  propagated  parallel  to  each  otlier  throuf^h 
a  medium,  gives  rise  to  a  corresponding  difference  in  their  planes  at  their  emergence  from  it  into  another,  where 
they  assume  a  common  velocity,  these  waves  will  at  their  egress  no  longer  be  parallel,  and  the  mys  which  are 
perpendicular  to  them  will  be  inclined  to  each  other,  thus  producing  the  phenomena  of  double  refraction ;  and  it 
is  evident  that  the  waves  at  their  egress  must  retain  the  planes  of  polarization  they  received  in  the  crystal, 
because  any  molecule  of  the  exterior  medium  at  the  junction  of  the  media  will  begin  to  move  only  in  the  plane 
in  which  it  was  displaced  by  the  contiguous  molecule  in  the  medium. 

This  theory  then  accounts  perfectly  both  for  the  bifurcation  of  the  emergent  ray,  and  the  opposite  pola 
tions  of  the  two  portions  into  which  it  is  divided-     These  portions  will  coincide  in  direction,  and  there  will 
no  double  refraction  when  the  section  of  the  surface  of  elasticity  above  mentioned  is  (if  such  can  ever  be 
case)  a  circle,  because  all  its  radii  being  then  equal,  the  elasticity  is  the  same  in  all  directions,  and  all  vibr 
performed  in  it  will  have  equal  periods,  so  that  to  this  case  the  resolution  of  the  incident  wave  into  two  1 
longer  takes  place,  nor  is  its  plane  of  polarisation  changed.     Now  the  section  in  question  becpmes 
when  jf"  +  y*  +  2*  "  const  ^.  7*,  or  when  a'  j?*  -{-  6'  y'  4"  c*  2*  =  r*.  Combining  these  lyith  mj-ffiy  +  j?i^< 
we  get 
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p»  r*  s  r*  (/  J*  H-  J3«  y*  +  (m  J?  +  w  ^)% 

and  equating  these,  and  considering  that  the  equation  thence  resulting  ought  to  be  verified  independently  of  any 
particular  vuiues  of  J,  y,  we  get 

r*  (m'  -f  |?«)  =  fl*  ^  H-  m*  c*,  rnveaiiga- 

iion  of  the 
mnr*=^  fn  n  c*,  optir  ax*?*. 

r*  (p«  4-  n*)  ^  6*  jff»  +  ?t2  c*. 

These  equations  caanot  be  satisfied  except  by  supposing  either  w,  n,  or  p  to  vanish,  or  the  stction  in  question  to 

/  f,  Y     a*  —  6" 
pass  through  one  or  other  of  the  axes.    If  we  suppose  m  =  0,  we  have  r  :=:  aJ^  \=  — ;,  which  shows  that 

(—  J  cannot  be  positive,  and  of  course  —  not  real,  unless  ff,  the  semi  axis  of  the  surface  through  which  the 
P/  P 

flection  passes,  be  that  intermediate  in  lenglb  between  6  and  c^  the  other  two  semiaxes. 

It  appears  then,  that  the  surlkce  of  elasticity  admits  of  two  circular  sections  and  no  more,  formed  by  diametral      1009 

planes  pHSsing  through  the  mean  axis  of  the  surface,  and  (since  —  has  two  values  equal  but  of  opposite  signs) 

that  these  sections  are  both  equally  inclined  to  each  oi  the  other  two  axes.  The  normals  to  these  sections  are 
the  directions  of  no  double  refraction,  or  the  aptic  are^  of  the  crystal.  Of  these,  then,  there  will  be  two  and  two 
only,  in  all  crystals  which  possess  three  unequal  axes  of  elasticity,  and  rays  propagated  along  them  will  suffer 
neither  double  refraction,  nor  change  of  polarization. 

The  position  of  these  axes  depends  wholly  on  the  values  of  a,  b,  c,  the  semiaxes  of  the  surface  of  elasticity.  1010. 
We  have»  however,  no  other  measure  of  the  elasticity  of  the  medium  than  the  velocity  with  which  the  rays  are  Dispersion 
piDpagated  through  it;  and  if,  as  the  phenomena  of  ordinary  dispersion  indicate^  the  rays  of  dilferent  colours  be  ''[^"J,*"* 
propagated  in  one  and  the  same  medium  with  velocilies  sontfwhat  different,  (an  effect  which  might  result  from  "^j^  „  ^"^ 
certain  suppositions  relative  to  the  extent  of  the  sphere  of  action  of  its  molecules  compared  with  the  lengths  of  explained, 
an  undulation,)  the  semiaxes  a,  6,  c,  which  must  be  taken  proportional  to  the  velocities  of  propagation,  must  be 
supposed  to  vary  a  little  for  waves  of  different  lengths.     Now  this  variation  may  not  be  in  the  name  ratio  for  all 


Bui  —  19  the  tangent  of  the  inclination 
P 


the  three  semiaxes,  and  thus  a  variation  in  the  values  of  —  will  arise 

F  i 

cjf  the  plane  of  section  to  the  plane  of  the  j?  y»  or  of  half  the  angle  the  two  circular  sections  make  with 
each  other,  i.  €.  the  cotangent  of  half  the  angle  between  the  optic  axes,  which  will  thus  vary,  and  give 
rise  to  that  separation  of  axes  of  different  colours,  and  their  distribution  over  a  certain  angle,  in  the  plane 
containing  any  two  of  the  same  colnur,  which  observation  shows  to  exist,  (Art.  921  and  922*) 

The  general  laws  of  double  refraction  flow  with  {rreat  facility  from  the^e  principles*  We  have  only  to 
resume  the  construction  and  reasoning  of  Art.  806  and  807,  et  seq,,  substituting  for  the  ellipsoid  of  revolution, 
which  the  Huygenian  theory  assumes  as  the  figure  of  a  wave  originating  in  any  molecule  of  the  crystal »  the 
surface,  whatever  it  be,  which,  in  the  general  case,  tenninates  a  wave  so  propagated,  and  investigating  the  pouit 
of  contact  I  (tig.  170)  of  this  surface  with  a  plane  IKT  passing  through  the  line  KT  drawn  as  there  described. 
Tliere  is  this  difference,  however,  in  the  two  cases,  or,  at  least,  in  the  method  of  treating  them,  that  in  the 
theory  there  stated  the  form  of  the  wave  is  made  a  matter  of  arbitrary  assumption,  in  the  present  case  it  is 
to  be  determined  ^  priori.  This  will  render  it  necessary  to  depart  in  some  respects  from  the  course  before 
adopted.  If  we  know,  d  priori,  the  form  of  the  wave,  the  position  of  the  tangent  plane  is  given ;  vice  verxd^ 
if  we  can  determine  the  position  of  this  plane  in  all  cases,  d  priori,  the  figure  of  the  wave»  which  must  be 
such  as  to  touch  all  snch  planes,  under  the  conditions  of  the  cast*,  becomes  known. 

Now^  in  Art.  807,  it  is  shown  that  the  tangent  plane  is  in  all  cases  coincident  with  the  position  assumed 
within  the  crystal,  by  the  surface  of  a  plane  indefinite  wave  propagated  from  an  infinitely  distant  luminary,  per- 
pendicular  to  the  line  of  incidence  R  C.  It  follows,  moreover,  from  Art.  811,  that  If  we  know  the  velocity  with 
which  snch  a  plane  wave  advances  within  the  crystal  in  a  direction  perpendicular  to  its  surface,  we  may 
calculate  its  inclination  to  the  surface  of  incidence  by  the  law  of  ordinary  refraction,  assuming  an  index  of 
refraction  which  is  to  that  of  the  ambient  medium  as  the  velocity  of  the  wave  before  incidence  is  to  its  velocity 
within  the  medium  perpendicular  to  its  own  surface.  The  reader  will  here  keep  in  vietv  the  distinction  noticed 
in  Art.  813  between  tlie  velocity  of  the  wave  and  that  of  the  ray  conveyed  by  it,  whose  direction,  generally 
speaking,  is  oblique  to  its  surface.  Now  the  velocity  of  a  wave  within  the  medium  in  any  direction  is  given 
by  the  equation  of  the  surface  of  elasticity,  whose  radius  vector  expresses  it  in  all  cases.  But  it  has  been 
shown*  that  every  vibration  impressed  on  the  molecules  of  the  crystal  is  resolved  into  two  rectilinear  ones  propa- 
^ted  with  velocities  proportional  to  the  greatest  and  least  diameters  of  that  section  of  the  surface  of  elasticity 
which  is  parallel  to  the  plane  in  which  they  are  performed.  Now  it  is  the  same  thing,  (as  far  as  the  law  of  double 
refraction  is  conceniedj  whether  we  regard  the  bifurcation  to  take  place  by  the  separation  of  a  single  exterior 
ray  into  two  interior  ones,  or  a  single  interior  into  two  exterior.     We  will  take  the  latter  case,  and  suppose  the 


lOlK 

Applieatiow 
oi  the  Hu}- 
g^cnian  con- 
struction to 
the  gcDenii 
case. 


I0I2 

Direclion 
sind  v'elocit}^ 
of  a  plane 
wtvc 


^v-*^  then  we  have  by  Art  998  for  the  partial  forces, 

/=  aj.  =  ar.cos  «,      /'=  6y  s=  6r .  cosA      /''ssciss  cr .  CO87, 


and  by  999, 


F  =  r  {  a .  cos  «•  +  6  .  cos  /3"  +  c .  cos  •/■  } 


for  the  whole  force  urging  the  molecule  M  in  the  direction  of  the  r,  generally  assumed,  in  which  it  will  be 
observed  that 

a  =y 0^ .  cos  \* dm,       6  =7*0' •  cos  (a* dm,      c  =  y  0' .  cos  i'* d m. 

1004.         M.  Presnel  next  conceives  a  surface,  which  he  terms  the  "  Surface  of  Elasticity,"  constructed  according  to  the 

The  wr/ace  following  law : — on  each  of  the  axes  of  elasticity,  and  on  every  radius  r  drawn  in  all  directions,  take  a  length 

2^[*|[2f*^'J  proportional  to  the  square  root  of  the  elasticity  exerted  on  the  displaced  molecule  by  the  medium  in  the  direc- 

investigated  tion  of  the  radius,  or  to  V  F.     Then  if  we  call  R  this  length,  or  the  radius  vector  of  the  surface  of  elasticity,  we 

shall  have 

R*  =  {  fl r  .  cos  a*-\-  br ,  cos  /3*  +  r  r .  cos  7*  }  X  const 

lu  nuiius     The  values  of  R  parallel  to  the  axes  are  then  had  by  the  equation 
vector  ex- 
pressed. R*  =  const  ar,     R*  =  const  X  6  r,     R*  =  const  x  cr 


rhich  (for  brevity,  as  we  shall  have  no  further  occasion  to  recur  to  our  fonner  denominations)  we  shall  ezpreas 
imply  by  a*,  6*,  c*,  so  that  the  equation  of  the  surface  of  elasticity  will  be  of  the  form 

R*  =:  a« .  cos  X*  +  6«.  cos  Y* -f  c* .  cos  Z«, 


^  a 


where  X,  Y,  Z,  now  stand  for  a,  p,  7,  the  angles  made  by  R  with  the  axes  of  the  coordinates. 

1005.  Let  us  now  imagine  a  molecule  displaced  and  allowed  to  vibrate  in  the  direction  of  the  radius   R,  and  ^^ 
Mld***^uL     '^*^*°®*^  ^°  ^^^^  ^*"^»  ^^  ^^  ^^^^  ^^^  ^®  neglect  all  that  part  of  its  motion  which  takes  place  at  right  angles  to            '^-•(c 
of  po^ai^-  ^^  radius  vector.     Then  the  force  of  elasticity  by  which  its  vibrations  are  governed  will  be  proportional  to  R^,           ^^-^ 
tionof an     and  the  velocity  of  the  luminous  wave  propagated  by  means  of  them,  in  a  direction  transverse  to  them  (or  at       ^^* 
interior       right  angles  to  R)  will  be  proportional  to  R,  so  that  the  surface  of  elasticity  being  known,  the  velocity  of  a  wave            ^^^ 
wive  deter-  transmitted  through  the  medium  in  a  given  direction,  and  with  a  given  plane  of  polarization  will  be  had  at  once       ^^?* 
"**"*           as  follows.     Parallel  to  the  surface  of  the  wave,  and  at  right  angles  to  its  plane  of  polarization  draw  a  straight 

line.     This  will  be  the  direction  of  the  vibrations  by  which  the  wave  is  propagated.     Parallel  to  this  line  draw  a 
radius  vector  to  the  surface  of  elasticity,  and  it  will  represent  the  wave's  velocity. 

1006.  The  equation  of  the  surface  of  elasticity,  if  we  put  for  R,  cos  X,  cos  Y,  cos  Z,  their  values  in  terms  of  three  ; 
Equation  of  coordinates  will  become 

thesur^e  (jps^ytj.  zy^ia^j*^  ^V-f  c«  2*. 

of  elasticity.  K     T  :f  T      J  •rjf-r 

It  is,  therefore,  in  general  a  surface  of  the  fourth  order.  If  we  suppose  it  cut  by  a  plane  passing  through  its^ 
centre,  whose  equation  must  therefore  in  general  be  of  the  form  mx-^-ny  +  pzz=iO,  the  curve  of  intersectioofl 
will  be  a  species  of  oval  whose  diameters  are  not  necessarily  all  equal. 

1007.  Suppose  now  any  molecule  set  in  vibration  in  this  plane,  then  at  any  period  of  its  motion  it  will  not  be  urged. 
Resolution    directly  to  its  point  of  rest  but  obliquely,  so  that  it  will  not  describe  a  straight  line,  but  will  circulate  in  a  curve 
of  an  inci-    more  or  less  complicated ;  its  motion  in  this,  however,  will  always  be  resolvable  into  two  vibratory  rectilinear  ones 
A^^t  »..«    right  angles  to  each  other,  one  parallel  to  the  gpreatest,  and  the  other  to  the  least;  diameter  of  the  section.   Each 

these  vibratory  motions  will,  by  the  laws  of  motion,*be  performed  independently  of  the  other,  and  therefore  the  moti 
propagated  through  the  crystal  will  affect  every  molecule  of  it  in  the  same  way  as  if  two  separate  and  indepeiid< 

'*'  — 'v*  vibrations  (at  right  angles  as  above)  were  propagated  through  it,  with  different  Velocities.  ConsequeQt]]p^4^ 
"  *^i*oDagated  from  without  into  the  crystal,  will  necessarily  on  entering  it  be  resolved  into  Iwu^— 
"-'-«    and  polarized  in  planes  at  right  angles  to  each  other,  viz,  those  parallel 

~^  «»  section  of  the  surface  of  elasticity  parallel  to  the  plane  o^?" 


dent  wave 
into  two. 


X.XG«'T- 


.     ft     sift      ^  Ik    i«e  ooW  . 

•     «    smP"       ,   oBA-.  "         a    cos*' 


.  ^  BUI  **  '  gO°  -V  "^        ^     i     COS  P  *  ^  . 
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ordinary  and  extraordinary  plane  waves  to  be    parallel  within  the    medium, 
investigated  as  follows  :  the  equation  of  the  surface  of  elasticity  being* 


d 
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R-  =  a«  jc«  +  6'^^  4-  c*r'. 
if  we  take,  for  the  equation  of  the  second  pland 

and  put  V  for  the  maximum  or  minimum  radius  vector  of  the  surface  in  the  section  in  quest ion»  V  will  be 
value  of  Rj  which  makes  d  R  —  0,  and  therefore  will   be  g-iven  by  elimination  from  the  following  system 
equations 

V*  —  j[*  +  y^  +  t\ 

y*  =  a»  J*  +  A«  y*  +  O  z\ 

z    —  m  j^  +  w  V, 

and  their  differentials,  regarding'  V  as  constant.  This  elimination*  which  js  complicated  enough,  must  be  con- 
ducted as  follows:  first,  if  among  the  differential  equations  we  eliminate  d  x,  dy^  dz;  and  for  z  in  the  wlioft 
system  substitute  its  value,  we  shall  get,  putting  jp  =  a*  —  6' ;  g  =  a*  —  c^ ;  r  ^b'^  —  (^\ 

V*^  («'  +  m*€*)  j^  +  (6«  +  n«c»)  j^*+2mnc»jy, 
V*^  (1  +w')^'  +  Cl  +*i*)3/'+  2mnTy, 
0  =^  mnq .1^  -  mn  r  y*  -{-  k x y, 
where  k  :^  p  -^  n*q  ■     m* r  r^:  (I  -f*  n*)  q  —  (1  +  m')  r. 

These,  by  elimination,  give  the  following,  in  which 

M  ^  ft*  +  4  m*  n*qr; 

M  j:*  =  V  /V  -  c')  {  (1  +  ft*)  ifc  +  2  m"  n*r  }  "  r  A  V*. 

M  y*  =  -  V  (V'  ^  c*)  {  (1  +  m«)  it  -  2  m'  n»  9  }  +  r  9  V^ 

Mxy^  --mn{(\  +  n«)  9  +  (l  +  m«)  r}V«(V^  -  <fi)  +  2mnqry^; 

and  by  equating  the  square  of  the  last  of  these  to  thB  product  of  the  two  first,  we  find,  after  all  reductions, 
following  equation  for  determiniug  V  : 

(V«  -  a^)  (V* "  b*)  +  m«  (V*  -  6^)  (V«  -  c«)  +  n»  (V«  -  a«)  (V«  -  c*)  =  Q.  fl 

The  roots  of  this  equation  determine  the  maximum  and  minimum  values  of  the  radius  vector  in  the  plane  «f^ 
section,  and  therefore  the  velocities  of  ordinary  and  extraordinary  plane  waves  moving  parallel  to  each  otbe^^ 
within  the  crystal,  and  these  found,  the  figure  of  the  wave  becomes  known,  from  the  condition  that  its  surfk^ 
must  always  be  a  tangent  to  a  plane  distant  by  the  quantity  V  from  the  secant  plane  whose  equation  1^^ 
z  =  m  JF  -i-  n  y ;  and  that,  whatever  he  the  values  of  m  and  n.  Its  investigation  is  therefore  reduced  to  ^H 
purely  geometrical  problem.  Required  the  equation  of  a  curve  surface,  which  shall  touch  every  plane  parall^^ 
to  a  plane  whose  equation  is  2  ^mj!  -j-  ny ;  and  distant  from  it  by  a  quantity  V,  a  fnnction  of  m  aadi*» 
given  by  the  above  equation,  which,  being  resolved,  will  be  found  to  lead  to  the  following  equation 


(a«  J*  +  6'y''  +  c*  2»)  (^  +  3,t  ^_  5*)  ^  a*  (¥  +  (f)  3^  -  b^  (a*  +  c")  p^l  _ 

-  c"  (a*  +  b»)  z*  +  (*«  6'  c«  1^  *^* 
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The  surface  represented  by  this  equation  is,  generally  speaking,  of  the  fourth  order,  and  consists  of  1 
distinct  surfaces,  or  sheets*  (jtappen.)  One  of  these,  by  its  contact  with  the  plane  in  question,  determines  ihe^ 
direction  of  the  ordinary,  and  the  other  of  the  extraordinary  ray.  Now,  it  is  important  to  remark,  that  thif 
equation,  so  long  as  particular  values  are  not  assigiied  to  a,  6,  c,  is  not  decomposable  into  quadratic  factors,  so 
that  neither  of  the  sheets  of  which  it  consists  is  spherical,  or  ellipsoidal ;  and,  consequently,  neither  the  ordin&i) 
nor  the  extraordinary*  ray  follows  either  the  Cartesian  or  Huygenian  law  of  refraction.  This  is  a  consequeuw 
too  remarkable  not  to  have  been  put  to  the  test  of  experiment.  Two  methods  have  been  put  in  practice  bj 
M-Fresnel  for  this  purpose.  The  first  consisted  in  measuring  directly  the  velocities  of  the  two  rays  in  plates  01 
topaz  cut  in  different  directions  with  respect  to  their  axes  by  the  method  explained  under  the  head  of  inter- 
ferences, (Art.  738  and  739.)  Since  a  difference  of  velocity  of  the  interfering  rays  displaces  the  ditTracted  fringe 
as  a  difference  of  thickness  would  do,  it  is  manifest  that  if,  in  two  plates  differently  cut,  but  of  precisely  the 
same  thickness,  the  ft*inges  formed  by  the  ordinary  rays  are  differently  displaced  when  the  plates  are  oombiiu  " 
successively  with  one  and  the  same  equivalent  plate  of  glass,  or  any  other  standard  medium,  their  velocity  caan 
be  the  same  tn  both  plates ;  and  if  such  difference  be  observed  to  take  place,  both  in  the  fringes  formed  by  1 
interference  of  the  ordinary  and  of  the  extraordinary  rays  severally,  with  a  compensated  pencil,  it  is  clear  (' 
neither  can  have  a  constant  velocity.  Now  the  condition  of  equal  thickness  is  secured  by  cementing 
two  plates  edge  to  edge,  and  grinding  and  polishing  them  together,  and  carefully  examining  the  surfaces  oi 
the  operation,  to  be  satisfied  of  their  precise  continuity,  which  may  be  done  by  the  reflected  image  of  a  distfl 
object,  and  yet  more  delicately  by  pressing  slightly  on  them  a  convex  lens  of  long  focus,  over  their  line 
junction.     If  the  coloured  rings  formed  between  the  surfaces  be  uninterrupted,  we  are  sure  that  this  couditi 
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Thts  important  fact  has  been  lately  ascertained  by  M.  Mitscherlich,  and  we  shall  presently  have  occasion  to  speak 
further  of  it.  From  all  these  reasons  it  follows,  that  we  can  reg^ard  them  only  as  restiltant  lines^  to  which  tio  ^ 
d  priori  properties  can  be  supposed  to  belong^,  but  which  simply  satisly  the  condition  t?  —  t/  =  0,  according  tu 
the  laws  which  regnilate  the  constitutions  of  the  functions  v,  v\  the  velocities  of  the  two  rays,  in  terms  of  those 
qnaniities  which  we  ni«iy  regard  as  fundamental  data,  and  the  situation  of  the  ray  within  the  medium*  The  aies 
of  elasticity  themselves  may,  perhaps,  be  regarded  as  mere  resultants  from  the  equations  of  Art.  1000.  and 
determined  from  other  remoter  data  dependent  on  the  fundamental  lines  in  the  crystalline  fonn,  and  the  iuteo^ity 
and  distribution  of  the  molecular  forces  within  it.  Accordingly,  Dr.  Brewster  considers  the  optic  axes  as  tbe 
resultants  of  others  which  he  terms  polarizing  a^es,  and  from  which  he  conceives  to  emanate  polarizing /orcai 
producing  the  phenomena  of  the  rin^s  and  of  the  double  refraction  and  polarization  observed*  We  shall  not 
here  stop  to  examine  into  the  propriety  of  these  terms*  The  reader  who  may  have  doubts  on  the  subject  wiU. 
in  what  follows,  mentally  substitute  other  and  more  g^eneral  phrases  in  their  place  expressive  of  relation  and 
causality,  while  we  i)roceed  to  state  the  assumptions  with  which  he  sets  out,  and  the  conclusions  he  very  iogr 
niously  deduces  from  them. 

Poduluk  L  A  polanzing"  axis,  when  sing-le,  has  the  characters  of  an  axis  of  no  double  refTactiDn«  and  is 
coincident  with  the  axis  of  the  Huyi^enian  spheroid  in  such  crystals  as  have  but  one,  A  positive  axis  icli 
as  the  axis  in  quartz,  &c,  may  be  supposed  to  do,  and  a  neg^ative,  as  that  of  carbonate  of  lime,  &c. 

Post.  2,  The  polarizing  force  of  a  single  aiis  in  any  medium  is  proportional  to,  and  measured  by^  the  tiot 
developed  in  the  ordinary  and  extraordinary  pencils  into  which  a  doubly  refracting  prism  analyzes  a  polarized 
ray,  which  has  traversed  a  given  thickness  of  the  medium. 

Corat.  L  The  polarizing  force  of  a  single  axis  in  the  same  medium  is  as  the  square  of  the  sine  of  the  cjiglc 
made  by  the  ray  traversing  it  internally,  witli  the  axis. 

CoroL  2.  The  same  force  is  also  inversely  as  the  thickness  necessary  to  be  traversed  at  a  given  angle  to 
develope  the  same  or  equal  tints.     This  may  be  regarded  as  the  intrinmc  polarizing  force  or  iniemity  of  the  axi*. 

Pod.  3.  W!ien  two  axes  exist  in  one  medium  and  operate  together,  they  polarize  a  tittt  whose  measure  (see 
Art.  906)  is  the  diagonal  of  a  parallelogram  whose  sides  measure,  on  the  same   scale,  the  tints  which  would  be 
polarized  by  either,  separately,  and  include  between  them  an  angle  rfowifeof  the  mutual  incHnation  of  twopli 
passing  through  the  ray  and  either  axis  respectively. 

Cord,  1.  If  t  and  i*  be  the  numerical  measures  of  the  tints  polarized  by  either  of  two  axes  separately,  T  t 
polarized  by  their  joint  action,  and  C  the  angle  between  the  planes  just  described,  the  tint  T  will  be  given  \ 
equation  T<  =  ^  +  2  i  i' .  cos  2  C  +  ^^. 

CoroL  2,  If  a  and  h  represent  the  intensities  of  the  axes,  and  a  and  ^  the  angles  which  the  ray  makes  iHl^~ 
each  respectively,  we  liavc  i  =  a  .  sin  a'^ ;  f  ^  h  .  sin  /J^,  and 

T»  =  (a  .  sin  a")«  +  (6  .  sin  ;3')«  +  2  a  6  .  sin  a* .  sin  ^» .  (I  ^  2  ,  sin  C*), 

=r  {  a  .  sin  a'  +  6  .  sin  ^ }'  —  4  a  6  .  sin  n* .  sin  j9* .  sin  C*, 

or  else  T*  ^  {  a  .  sin  a'^  -  b  ,  sin  ^3*  }^  +  4  £E  6  ,  sin  a"* .  sin  fi^ .  cos  C. 

If  7  be  the  angle  contained  between  the  polarizing  axes,  since  i,  jd,  7  are  the  sides  of  a  spherical 
and  C  the  angle  included  between  the  sides  a  and  fi,  or  opposite  to  7,  we  have 

^       cos  a  ,  cos  B  —  cos  ^ 
cos  C  =r  ^—^-^^^ ^- — ; — -:^ — -' 
sin  a  ,  sin  p 

and  if  this  be  written  for  cos  C  in  the  latter  of  the  expressions  above  given  for  T*,  we  find  on  reduction 

T^  =  {  a  .  sin  a*  +  6  ,  sin  j3^  | '  —  4  a  ^  {  1  —  cos  a^  ^  cos  ^  —  cos  7"^  +  2  .  cos  a  .  cos  /3  .  eos  7  } 

Corot,  If  the  polarizing  axes  be  at  right  angles  to  each  other,  7  =  90°  and  cos  7  ^  0,  and  the  expression  lor 

the  compound  tint  becomes  T*  :=  {  a  ,  sin  «*  +  6  ,  sin  ^3'  {'  —  4  a  fr  (sin  a*  —  cos  /3*), 

Proposition.   Tito  rectangular  potftrizijie;  aTe^,  dthtr  both  pontive  or  both  negative,  being  given,  two  o\ 
orfijced  tin^.%  may  be  fonndt  mch  thai  catting  &  a/id  0^  the  angles  fiiadt  with  thcnt  resjjectiveti/  by  a  ray 
a  ^phmcal  portion  of  the  medimny  the  tint  polarized  shall  be  proportional  to  sin  &  .  sin  0\* 

Let  A  C  and  B  C  (fig,  19S*)  be  the  two  polarizing  axes  including  a  right  angle,  of  which  let  BC  be 
powerful.  Let  OC  be  a  ray  penetrating  the  crystal  in  that  direction;  and  in  a  plane  PCQ  perpendicular  to 
AC  B,  draw  any  two  lines  PC,  QC,  making  equal  angles  with  B  C,  either  of  whicli  we  will  represent  bj  t 
Then  if  a  sphere  about  C  as  a  centre  be  conceived,  it  will  intersect  the  phnies  AC  B,  PCQ,  O  C  A,  OCB, 
0  C  P,  O  C  Q  in  lines  of  great  circles  B  A,  P  BQ,  O  A,  O  B,  O  P,  O  Q,  and  we  shall  have  PB  =  Q  B  =  it 
O  A  =  a,  O  B  —  j9,  O  P  =  ^>,  O  Q  =  (?^  and  by  Spherical  Trigonometry,  from  the  triangle  O  B  P,  we  haw 

cos  O  B  P  /  ^  sin  O  B  A  ^  sin  A  O  B  ,  l"l_^      —  sin  a  ,  sin  C,  since  A  B  ^  90 A 
\  sin  AB  / 

^^   cos  ft  .  cos  ^  —  cos  9 

sin  ft  ,  sin  x 

•  M.  Biot  ftpfpcAr^  to  haire  first  noticed  the  fact  annoDinced  in  ibis  piMposition,  um,  that  Dr.  Brewst«r*5  hypothesii  of  polariziog  aaei  1 
lo  a  result  tnaihemaficaU^  ideniical  with  his  owa  elegant  law  of  the  product  of  the  sines.     He  hat,  however,  nrppreased  hit  de 
Dr.  Brew5ter*f  verification  of  this  coinddencB  of  results  seams  to  have  been  foaoded  on  a  Bumericai  corapaitaoQ  of  fiiat^a  i 
itilphate  of  lime  with  hia  own  theory. 


e  the  mfiff^l 


i 


LIGHT. 

_    and  therefore  —  cos  B  =  sin  o  »  sin  ^  ,  sin  jp  ,  sin  C  —  cos  fi ,  cos  Jf, 

and  similarly  from  the  triangle  O  B  Q,  since  O  B  Q  =  90°  +  O  B  A,  we  oblain  a  second  relation 

-j-  cos  6^  "  sin  a  »  sin  fi  ,  sin  j? .  sin  C  -f*  cos  ^  .  cos  x ; 

and,  adding  and  subtracUng,  (putting,  for  brevity^s  sake,  cos  0^  :^  p,  cos  ^  ^  q,) 

p  -f  g  ;=;  2  ,  cos  j8  .  cos  J? ;        jo  —  g  ^  2  -  sin  a  ,  sin  /3  »  sin  jt  ,  sin  C. 

These  equations  express  the  g-eo  metrical  relations  subsisting-  between  the  lines  P  C,  Q  C»  and  the  axes  AC,  B  C ; 
and,  if  combined   with  the  equations  of  Art,  l(J28  and  J 029,  suffice  to  eliminate  a,  ^,  and  C,  and  to  expreM 
%     T  in  teims  of  or,  0,  and  O'  alone.    To  execute  this,  we  have  by  the  equations  just  demonstratea 


/  p  +  g  Y  _-  COB  ^^        f^^  .  ^     )-  sin  o«  .  sin  ^  .  sin  C« ; 
V^2  .  cos  !■/  "^  *        V^2  .  sm  .f  y 


am  tt' 


and  in  the  latter,  putting  I  —  cos  C*  for  sin  C*,  and  for  cos  C«  its  value  given  by  Art.  1028,  which,  since  ^(  = 
^U*,  becomes  simply 

sin  a* ,  ein  iS" .  cos  €•  =  cos  a^ .  cos  ^, 

^t«  have  (  ^  ~      )  :s  sin  a" ,  sin  ^  —  cos  ct'  *  cos  j?, 

\2  .  sin  T/ 

=  sin  a^  —  cos  iS*, 
Hence  we  get,  for  the  values  of  sin  d*  and  sin  ^, 

\2  .  cos  x/ 
[and*  substituting  these  in  the  equation  of  Art,  1029, 

Ti  =  [&  -I-      "^"^  '      (p  +  qY  + (P  -  q)'  r ~  (P  -  qY^ 

\     ^   4  .CQSJ^^^^^^   ^    4  .  sin  j^  ^^       ^^    i  sin  jc^   "^^       ^^ 

I  Such  is  the  gaieral  form  of  the  expression  for  the  tint»  when  referred  to  arbitrary  axes  in  the  mamier  here  sup- 

>  po«ed»   and  it  is  eompticated  enough ;  but  if  we  fix  the  position  of  the  new  axes  so  as  to  make  sin  ^  =:  -~r- 

o 

a  h         ^       a  —  h  b  tit 

— —      ,    =  — -f  and  — — —  —  -Tt  ^o  that  the  value  of 

4 .  sin  ^  4  4  .  cos  jc^  4 


th«  complication  disappears  ;    we  have  then 
*^    re<luces  itself  to 


^=.{(,.(.±.)-+(^.)7..,-,,|. 

=  ^«  {1  _  pi)  (1  -  ^)  =  &V  sin  ^ ,  sin  ^», 

restoring^  the  values  of  p  and  q^  or  cos  Bf  and  cos  6,  consequently 

T  =  ^  h  ,  sin  e  .  Bin  0^. 
T«^e  negative  sign  is  prefixed  for  the  reason  stated  further  on  in  Art*  1034. 
,  Thus  we  see  that  the  combined  action  of  the  two  axes  in  the  manner  here  supposed,  on  Dr,  Brewster's  prin- 
^|iles,  will  give  rise  to  a  series  of  isochromatic  lines  arranged  in  the  form  of  sphero-lemniscates  about  two  poles 

IP»  Q»  determined  by  the  cooditioa  

n-n        ♦    *i  ^        »  /  intensity  of  the  feebler  axis 


intensity  of  the  stronger 


I 


and  >he  lines  C  P,  C  Q  so  determined  have  therefore  the  character  of  the  optic  axes  in  biaxa!  crystal s»  and  may 
be  designated  with  Dr,  Brewster  by  the  name  of  resultant  axes.  We  must  be  careful,  however,  not  to  confound 
a  resultant  with  a  polarizing  axis  in  this  theory. 

If  the  polarizing  axes  be  not  of  the  same  denomination,  as  if  one  be  positive  and  the  other  negative,  the 
ralue  of  sin  B  P  becomes  imaginary,  and  the  tints  cannot  be  so  arranged.  But  if  we  suppose  the  new  axes  to 
iie  iu  this  case  ia  the  same  plane  with  the  polarising  ones,  as  in  fig.  200,  all  other  things  remaining,  we 
have  here 

cos  O  B  A  £=  +  cos  O  B  Q,        and  cos  O  B  A  ^  —  cos  O  B  P, 

rt  «  A             cos  a  ,         ^  *,  ^        cos  JS  ,  COS  jr  —  cos  0' 

but  COS  O  B  A  ^ T-^.        and  cos  O  B  Q  ^ 


Part  IV, 


lOd 


1032. 

Com  bin  a 
tioD  of  a 
posiltve 
with  1 
ii0gatire 
axil* 


SO  that  we  find 


sin  /3  '         """  """  '  sin  ^  .  sin  X 

cos  ^'  =  p  ^  COS  3  .  COS  jf  +  COS  a  ►  sin  «; 


4b  2 
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Light     and  similarly  cos  0  ^  q  :=:  cos  0  .  cos  x  •—  cos  a  .  sin  jp, 

•^^'"■^  whence,  by  adding  and  subtracting,  we  get  at  once 

«  —  a  f>  +  9 

cos  a  =  -~- — r^-  ;  cos  B  =    -f- =-  , 

2  .  sm  jr  2  .  cos  x 

which,  substituted  in  the  value  of  T",  give 

C  \sinx«  cos:r«/        4  \sin  jr«        cos  i"/     2   j 

...  a6  r.,iN,2a6  (sin  jr«  —  cos  j:*) 

—  4  a  6  +   -^ — = («•  4-  q')  +  ^ —  p  q, 

sin  jr  .  cos  or   ^        ^  sin  j;*  .  cos  or  ^  ^ 

Now,  if  in  this  we  suppose  ■—, — -  -4 =  0,  or  tan  j:*  = p-,  it  will,  on  substitution  and  reduction,  take 

'^'^        sin  j;«   '     cos  j:«  6  * 

the  form 

^^(1 -/)(!- 90     ^  _    feV  sin  g*.  sing" 

cos  j:*  '  cos  X* 

and  T  =: -_  .  sin  ^  .  sin  6* ; 

cos  jr 

that  is,  restoring  the  value  of  x,  f  since  tan  j:*  =  —     —,  and  therefore  cos  jfi  =  t-^- — j,  finally, 

T  =  —  (6  —  o)  .  sin  ^ .  sin  ^. 
1033.         Thus,  in  this  case  also,  the  isochromatic  lines  are  sphero-lemniscates,  and  the  only  difference  is  that  thes 


Position  of  poles  lie  now  in  the  plane  of  the  polarizing  axes,  instead  of  at  right  angles  to  it ;  and  that  whereas  in  tkSL»  #j 
resultant  y ^ 

this  case,     former  case  the  semi-angle  between  them  (j?)  was  given  by  the  equation  sin  s  =   ^/  — ,  that  is,  con  «  ^        ^ 

\/  ,  in  this  it  is  given  by  the  equation  cos  x  ==  V/  7 . 

1034.  CoroL  1.  In  the  case  when  a  =:  6,  or  when  the  two  polarizing  axes  are  of  the  same  denomination  and  of  eqiB=^3i| 
Ciics  of  the  intensity,  we  have  sin  j?  =1,  or  <r  ;=  90*^,  so  that  the  angle  between  the  resultant  axes  being  180°,  they  form  or  — ae 
rMolution  straight  line^  the  lemniscates  become  circles,  and  the  single  resultant  axis  has  now  the  characters  of  a  polariMi^mmig 
axis  into  ^  ^^'  Hence,  vice  versd^  a  single  polarizing  axis,  in  any  direction,  may  be  resolved  into  two  others  equal  in 
two.            intensity,  at  right  angles  to  it  and  to  each  other,  and  of  an  opposite  denomination  to  the  resolved  axis.     '~ 

follows  from  Uie  negative  sign  of  T,  which  is  prefixed  in  extracting  the  square  root  in  Art.  1030  and  IC 

because  in  the  case  supposed,  when  the  arc  A  B  is  90^  the  angle  C  or  A  O  B  is  necessarily  gpreater  than  90°,  \ 

2  C  the  angle  of  the  parallelogram  of  tints  >  180^;    so  that  the  diagonal  will  be  to  be  measured  backwac=^^ 
through  the  angle^  or  must  be  a  negative  quantity.  _ 

1035.  Corol,  2.  Since  a  single  axis  is  equivalent  to  two  equally  intense  axes  of  an  opposite  character  at  right  angt^Mtt 
Composi-     to  it  and  to  each  other,  if  we  superadd  to  both  another  equal  axis  also  of  the  opposite  kind,  and  in  the  directic^^^' 
tion  of  three  ^^  ^^  ^^^  ^^^  ^jjj  destroy  the  effect  of  the  first,  and  therefore  the  combination  of  three  equal  and  similar  ax« 
anffuuT^ '    arising  on  the  other  side  at  right  angles  to  each  other,  will  be  equivalent  to  none  at  all.     Thus,  three  equ 
axes.           rectangular  axes  of  the  same  character  destroy  each  other's  effects.     This  is  Dr.  Brewster's  account  of  the  wai 

of  polarization  and  double  refraction  in  crystals  whose  primitive  form  is  the  cub^  regular  octohedron,  Af^r  i 
and  whose  secondary  forms  indicate  a  perfect  symmetry  in  their  molecules  with  respect  to  three  rectangoUtfV  I 
axes.  m 

1036.  There  is  no  necessity  to  pursue  fiirther  the  general  subjects  of  this  species  of  composition  of  axes  and  of  tintffr       ## 
Indeed,  it  appears  to  us  that  the  rule  for  the  parallelogram  of  tints,  as  laid  down  by  Dr.  Brewster,  becomes      #4 
inapplicable  when  a  third  axis  is  introduced ;  for  this  obvious  reason,  that  when  we  would  combine  the  com-       f 
pound  tint  arising  from  two  of  the  axes  (A,  B)  with  that  arising  from  the  action  of  the  third  (C,)  although  the       I 
ndes  of  the  new  parallelogram  which  must  be  constructed  are  given,  (mz.  the  compound  tint  T,  and  the  simple      1 
tint  t^'^)  yet  the  wording  of  the  rule  leaves  us  completely  at  a  loss  what  to  consider  as  its  an^U^  inasmuch  as  it       I 
assigns  no  single  line  which  can  be  combined  with  the  axis  C  in  the  manner  there  required,  or  which  quoad  hat       \ 
is  to  be  taken  as  a  resultant  of  the  axes  A,  B.     For  further  information  therefore  on  this  subject  we  shall  content        m 
ourselves  with  referring  the  reader  to  his  original  Paper  in  the  Transactions  of  the  Royal  Socie^t  1818.  \ 


5  X.     Of  Circular  Polarization. 

1037.  The  first  phenomena  referable  to  the  class  of  facts  to  whose  consideration  this  section  will  be  devoted,  were 
noticed  by  M.  Arago  in  his  Memoir  published  among  those  of  the  Institute  for  1811  on  the  colours  of  crystal- 
lized plates.     He  observed  that  when  a  polarized  ray  was  made  to  traverse  at  right  angles  a  plate  of  rock  crystal 
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I,  I  G  H  T. 

In  the  cotirse  of  these  researches  M.  Biot  was  led  to  the  very  sin^lar  discorery  of  a  constaul  difference  tub* 
sistip^  in  different  specimens  of  rock  crystal,  in  the  direction  in  which  thi^  rotation  or  angular  «ihifting  of  Ui€ 
plane  of  polarization  of  a  ray  traversing!'  them  takes  place.  In  some  specimens  it  is  observed  to  be  from  n^X 
to  left,  in  others  from  left  to  right.  To  conceive  this  distinction,  let  the  reader  take  a  common  cork-screw,  and, 
holding  it  with  the  head  towards  ftiwt,  let  him  turn  it  in  the  usual  manner,  as  if  to  penetrate  a  cork.  Th«  head 
will  then  turn  the  same  way  with  the  plane  of  polarization  of  a  ray  in  its  projfress  from  the  spectator  thro^gd 
a  right-handed  crystal  may  be  conceived  to  do-  If  the  thread  of  the  cork-screw  were  reversed,  or  wbati^  termed 
a  left-handed  thread,  then  the  motion  of  the  head  as  the  instrument  adi^anced  would  represent  that  of  the  pisae 
of  polarization  in  a  le(\-handed  specimen  of  rock  crystal  It  will  be  observed^  that  we  do  not  here  meaa  to  nj 
that  the  |>lane  of  polarization  does  so  revolve  in  the  interior  of  a  crystal,  but  that  the  ray  at  its  egress,  present! 
the  same  phenomena  as  to  polarization  m  if  \i  had  done  so*  This  is  necessary,  for  we  shall  see  presetitlj  thil 
a  very  different  view  of  the  subject  may  be  taken. 

In  cryiatals  which  present  this  remarkable  diUerencet  when  cut  and  polished,  and  when  the  external  indici^oif 
of  crystiilUnefonn  are  obliterated,  no  other  difference  can  be  detected.     Their  hardness,  transparency,  refmctivt 
and  double  refractive  powers  are  the  same  ;  and,  with  the  eitception  of  the  direction  in  which   it    takes  placi; 
their  edects   in  deviating  the  planes  of  polarization  of  the  rays  which  traverse  them  are  alike.      Expenmenti 
subsequent  to  IVL  Biot*s  researches  have,  however,  established,  as  a  result  of  extensive  induction,  a  very  cnrioui 
connection  between  this  direction  and  the  crystalline  forms  aftected  by  individual  specimens.      In  the  variety  of     I 
crystallized  quartz,  temied  by  Hany,  Plagitdrah  there  occur  faces  which  (unlike  those  in  all  the  more  comoioQ 
varieties)  are  unsymmetrically  related  to  the  axes  and  apices  of  the  primitive  form,  whether  regarded  as  the  rboinbot^^ 
or  bi pyramidal  dodecahedron.     Fig.  201  represents  such   a  crystal,  in  which  when  the  apex  A  in  set  upward^H 
the  faces  C,  C,  C,  are  observed  to  lean  all  in  one  direction,  viz.  to  the  right,  witli  respect  to  the  axis,  as  if  w^j 
torted  from  a  symmetrical  position  by  some  cause  acting  from  left  to  right  aH  round  the  crystal.     When  tht 
vertex    B  is  set  upwards,  the   same  distortion,  and   in  the  same  direction,  is  observed  in  the  plagiedral  faeei 
D,  D,  D,  and  crystals  of  quartz  are  excessively  rare,  if  they  exist  at  all,  in  which  two  plagiedral  faces  leaAiii| 
opposite  ways  occur.     Now  it  has  been  ascertained,  that  in  crystals  where  one  or  more  of  these  faces,  howevo 
minute  and  even  of  microscopic  dimensions,  can  be  seen,  we  may  thence  predict  with  certainty  thedirectioo  «^^ 
rotation  hi  a  plate  cut  from  it,  which  is  always  that  in  which  the  plagiedral  face  appears   to  leao  with  respee^^ 
to  an  observer  regarding  it  as  the  reader  does  the  figure,  which  represents  a  right-handed  crystal.     Hence  wear^^ 
entitled  to  con  chide,  that  whatever  be  th^  cause  which  determines  the  direction  of  rotation^  the  same  hat  acted  L^^ 
determining  the  direction  of  the  plagiedral  faces.     Other  crystallized  minerals,  as  apatite,  &c,  also  present  pl%^ 
giedral  and  unsymmetrical  faces  j  but,  independent  of  their  extreme  rarity,  they  are  not  possessed  of  tbeprciptrw 
of  rotation  ;  so  that  at  present  we  are  unable  to  say  whether  this  curious  law  be  general,  or  to  conjecture  lo  whm 
principles  it  will  hereafter  prove  to  be  referable. 

When  two  plates  of  rock  crystal  ore  superposed,  if  they  be  both  right-handed  or  both  left,  their  join!  rolttkorf 
effect  will  be  the  sum  of  their  respective  ones,  i.  e.  each  ray's  plane  of  polarization  will  be  shifted  througfi  to 
angle  equal  to  the  sum  of  those  through  which  it  would  have  been  shifted  by  their  separate  actions.  If  iimt 
characters  be  opposite,  it  will  be  their  difference,  i,  e.  the  indej:  of  rotation  in  a  right-handed  crystal  baaf 
regarded  as  positive,  it  will  he  negative  in  a  left-handed  one. 

The  amethyst  (and,  possibly,  also  the  agate  in  some  cases)  presents  the  very  remarkable  and  curious  pheno- 
menon of  these  two  species  of  quartz  crystallized  together  in  alternate  layers  of  very  minute  thickness.     Accord- 
ingly, when  a  crystal  of  amethyst  is  cut  at  right  angles  to  the  axis,  and  examined  by  polarized  light  transmitted 
exactly  along  the  axis,  and  analyzed  as   usual,   it   offers  a  striped  or  fringed  appearance,   as    represented  ii 
fig.  202,  variegated  with  ditferent  colou'-s,  according  to  the  different  planes  of  polarization  assutned  by  the  ran 
emergent  at  its  several  points,  and  presenting,  according  to  the  distribution  of  its  elements,  the  most  besulifial 
combinations  and  contrasts  of  coloured  fasciEP  and  spaces.     For  a  particular  account  of  these  phenomen*.  Am 
reader  is  referred  to  a  Paper  by  Dr.  Brewster,  {Edinburgh  Transactions^  vol.  xi.)  who  first  observed  and  poblidy 
described  them,  though  we  have  reason  to  believe  them  to  have  been  known  to  others  by  independent  obsen»' 
tion  previous  to  the  publication  of  his  very  curious  and  interesting  Memoir.     The  layers  may  be  distinctly  seefl 
cropping  out  to  the  surface  in  a  fresh  fracture  of  the  mineral,  and  imparting  that  peculiar  undalated  {mctaw 
which  is  the  chief  mincralogical  character  of  this  substance  by  which  it  is  kuow^n  firom  ordinary  quartz. 

But  the  phenomena  of  rotation  as  above  described  are  not  confined  to  quartz.  Many  liquids,  and  efw 
vapours  exhibit  it,  a  circumstance  which  would  seem  very  unexpected,  when  we  consider  that  in  Hquids  ml 
gases  the  molecules  must  be  supposed  unrelated  to  each  other  by  any  crystalline  arrangement,  and  independoil 
of  each  other ;  so  that  to  produce  any  such  phenomena^  each  individual  molecule  must  be  conceived  as  uasviD- 
metrically  constituted,  i.  e.  as  having  a  right  and  a  left  side.  M.  Biot  and  Dr.  Seebeck  appear  about  the  same 
time  to  have  made  this  singular  and  interesting  discovery ;  but  the  former  has  analyzed  the  phenomena  with 
particular  care,  and  it  is  from  his  Memoir  above  cited  that  we  extract  the  following  statements.  The  liquids  in 
which  he  observed  aright-hauded  rotatory  property,  according  to  our  sense  of  the  word  above  explained,  in  which 
the  observer  is  supposed  to  look  in  the  direction  of  the  ray's  motion,  are  oil  of  turpentine,  oil  of  laurel,  vapoar 
of  turpentine  oil,  and  an  alcoholic  solution  of  artificial  camphor  produced  by  the  action  of  muriatic  acid  ou  oil 
of  turpentine.  The  left-handed  rotation  was  observed  by  him  in  oil  of  lemons,  syrup  of  cane  sugar,  and  alco- 
holic solution  of  natural  camphor.  In  all  these,  the  intensity  of  the  action,  or  the  velocity  of  rotation,  vm 
much  inferior  to  quartz.  The  following  are  their  indices  of  rotation^  or  the  arcs  of  rotation  produced  by  one 
tnillimetre  of  thickness  in  the  plane  of  oolarization  of  a  certain  homogeneous  red  ray  chosen  by  M,  Biot  fer  • 
standard,  as  calculated  from  his  data. 
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be  tnoti  refracted  downwards ;  and  thus  the  separation  of  the  images  will  be  doubled,  and  the  sunt  will  tike        ^ 
place  at  the  common  face  C  B.    Thus  this  combination,  both  from  the  doubling  of  the  separatioii,  and  the  <..«.„^ 
greatness-of  the  angles  of  incidence,  is  peculiarly  well  adapted  to  render  sensible  any  bifurcatioii,  or  diftrcnee 
of  velocities,  however  small,  which  may  exist  along  the  axis.     Accordingly,  with  the  compound  prism,  io  con- 
structed, a  double  refraction  is  produced  ;    and  the  two  rays  are  really  observed  to  emerge,  making  a  sensible 
angle  with  each  other. 

But  it  is,  moreover,  observed,  that  though  thus  separated  by  a  real  double  refraction,  the  two  pencils  have  not  ^ 
acquired  the  characters  which  double  refraction  usually  impresses  on  the  ordinary  and  extraordinary  rays,  at  ,,^ 
their  emergence,  but  very  different  ones.  In  common  cases  of  double  refraction  the  two  emergent  pencils  are  ^^ 
'  each  wholly  polarized  in  opposite  planes,  and  either  of  them  when  examined  witli  a  doubly  refracting  prism  ^^^^, 
g^ves  two  unequal  images,  one  alternately  more  and  less  bright  than  the  other,  as  the  prism  revolves  diioogfa  .^j-,, 
successive  quadrants.     This  is  not  the  case  with  the  two  pencils  produced  in  the  case  before  us,  for  ^ 

First,  Either  of  them,  when  examined  with  a  doubly  refracting  prism,  gives  constantly  two  images  of  equalf^^j 
intensity,  in  whatever  plane  the  principal  section  of  the  latter  be  placed.  In  this  respect,  then,  they  present  the^^^ 
characters  of  unpolarized  light,  and  may  be  regarded  as  each  consisting  of  two  rays  polarized  at  right  angles 
each  other.     But 

Secondly,  They  differ  from  ordinary,  or  unpolarized  light,  in  a  very  remarkable  property,  which  was  fii 
discovered  by  Fresnel,  and  is  a  chief  distinctive  character  of  this  kind  of  polarization.  Suppose  either  of  thf 
to  be  incident  at  right  angles  on  the  surface  A  B  of  a  parallelepiped  of  crown  glass  of  the  reiractive  index  1.51 
having  its  angles  ABC  and  ADC  each  54^^  it  will  then  be  totally  reflected  at  the  internal  surface  B  C  ; 
(if  the  parallelepiped  be  long  enough)  again  in  the  same  plane  at  the  opposite  surface  A  D,  and  will  emerge 
length  perpendicularly  through  the  surface  B  C.  But  the  emergent  ray,  instead  of  comporting  itself  as  orduu 
light,  will  now  be  found  to  be  completely  polarized  in  a  plane  45^  inclined  to  (hat  in  which  the  reflections  wer^^»^ 
made,  whatever  may  have  been  the  position  of  that  plane.  If  both  the  pencils  be  treated  in  this  manner,  it  wi"^  m^m 
be  found  that  the  one,  after  its  two  total  reflexions  will  assume  a  plane  of  polarization  45^  in  azimuth  to  the  righ^t^-^^ 
and  the  other  45^  to  the  Mft  of  the  plane  of  the  reflexions. 

Thus  we  see  that  the  efirect  of  double  refraction  along  the  axis  of  quartz  is  to  impress  on  either  of  the  emccj^^ga 
gent  pencils  opposite  polarizations,  or  modifications,  of  a  nature  totally  distinct  from  that  given  to  a  ray  YzM  \f 
ordinary  reflexion,  or  by  double  refraction  through  Iceland  spar,  &c. ;  and,  as  in  the  last  described  experimi 
so  long  as  the  ray  enters  perpendicularly  into  the  flrst  surface  of  the  glass  parallelepiped,  it  is  indifferent  in  whr 
plane  the  two  reflexions  are  operated,  and  since  when  presented  to  a  doubly  refracting  prism  in  any  plane 
ferently  it  always  divides  itself  into^two  equal  pencils,  it  is  evident  that  the  ray  thus  modified  has  no  ndea^  i, 
no  particular  relations  to  certain  regions  of  space ;  and  therefore  that  the  epithet  circular  polarization^ 
from  all  theoretical  considerations,  may  be  naturally  applied  to  this  peculiar  modification.  But  the  rhmiirti  i  m 
above  described  are  not  the  only  ones  belonging  to  a  ray  thus  modified,  for 

Thirdly,  Such  a  ray  being  transmitted  through  a  thin  crystallized  lamina,  and  parallel  to  its  axis,  is  divida»>  ^ 
by  subsequent  double  refraction  into  two  rays  of  complementary  colours,  thus  marking  a  decided  difTrrrn  ^^ni 
between  it  and  a  ray  of  common  light ;  while,  on  the  other  hand,  these  colours  are  not  the  same  with  thc^^ne 
which  would  arise  from  a  ray  of  light  polarized  in  the  usual  way  and  similarly  analyzed,  but  differ  from  thw  ea 
by  an  exact  quarter  of  a  tint,  either  in  excess  or  defect,  as  the  case  may  be. 

Fourthly,  A  ray  so  modified  by  this  peculiar  double  refiraction,  when  transmitted  again  along  the  axis  of 

rock  crystal,  or  through  columns  of  oil  of  turpentine,  of  lemons,  &c.,  and  then   analyzed   by  a    dou_I~~lik 
refracting  prism,  gives  rise  to  tio  phenomena  of  colour,  differing  in  this  from  polarized,  and  agreeing 
common  light. 

Another  independent  mode  of  impressing  on  a  ray  all  this  assemblagfe  of  characters  has  been  discovered 
M.  Fresnel.     It  consists  in  inverting  the  process  described  in  Art.  1049.     Thus,  into  the  side  C  D  of  the  g' 
parallelepiped  there  mentioned,  let  a  common  polarized  ray  be  introduced  at  a  perpendiculiir  incidence, 
parallelepiped  being  so  placed  that  the  plane  of  internal  reflexion  at  the  side  A  D  shall  be  45^  inclined  to  tb^ 
of  its  primitive  polarization.     Then,  afler  undergoing  two  total  internal  reflexions  at  O  and  F,  it  will  emerge   *f 
E  deprived  of  its  characters  of  ordinary  polarization  and  endowed  with  those  of  circular,  and  being  no  WBJ 
distinguishable  from  one  of  the  pencils  produced  by  double  refraction  along  the  axis  of  rock  crystal. 

It  remains  to  show,  however,  that  the  characters  here  described,  as  impressed  on  a  ray  by  transmission  aloitf 
the  axis  of  rock  crystal,  are  really  those  which  ought  to  belong  to  a  ray  propagated  by  circular  vibrations.  Ani 
first,  it  follows  from  Art.  627,  that  this  latter  ray  is  the  resultant  of  two  rays  polarized  at  right  angles,  and  & 
fering  in  their  phases  by  a  quarter  undulation.  It  must,  therefore,  of  necessity  possess  the  first  character,  vk. 
that  of  division  into  two  equal  pencils  by  double  refraction  in  any  plane,  for  the  same  reason  that  unpolarized 
light  is  so  divided,  the  difference  of  phases  having  nothing  to  do  with  this  character. 

In  the  next  place,  a  ray  propagated  by  circular  vibrations  when  incident  on  rock  crystal  in  the  direction  of  tiie 
axis,  will  (by  hypothesis)  be  propagated  along  it  by  that  elasticity  which  is  due  to  the  direction  of  its  rotatioB, 
the  wave  then  will  enter  the  crystal  without  further  subdivision,  and  there  will  be  no  difference  of  paths,  or  inter- 
tering  rays  at  its  emergence ;  and,  of  course,  no  colours  produced  on  analyzing  by  double  refraction,  which  it 
another  of  the  characters  in  question. 

When  a  ray  propagated  by  circular  vibrations  is  incident  on  a  crystallized  lamina  it  may  be  regarded  a 
composed  of  two,  one  polarized  in  the  plane  of  the  principal  section,  the  other  at  right  angles  to  it,  of  aqn 
intensity,  and  differing  in  phase  by  a  quarter  undulation.     Each  of  these  will  be  transmitted  unaltered,  ai 
therefore  at  their  emergence  and  subsequent  analysis  will  comport  themselves  in  respect  of  their  interfereno 
just  as  would  do  the  two  portions  of  a  ray  primitively  polarized  in  azimuth  45^,  and  divided  into  two  by 
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the  direclion  A  P,  the  other  in  a  circle  equal  and  similar  to  B  Q,  and  in  the  direction  B  Q,  fig-,  205,  Let  A,R^ 
he  two  molecules  selting"  out  nt  ont:c  from  A,  B  in  these  circles  with  equal  velocities,  then  will  the  motion  of  • 
C  at  any  instant  he  equal  to  thai  compounded  of  the  motions  of  A  and  B  at  that  instant.  When  A  comes  to  P 
let  B  come  to  Q,  then  arc  A  P=  BQ,  aud  the  motions  at  Pand  Q  will  he  each  resolved  into  two,  those  of  whid 
parallel  to  C  D  (a  perpendicular  to  P  Q)  connpire,  while  those  in  the  direclions  PD  and  QD  parallel  toPf 
oppose,  and  being  equal  destroy  each  other;  thus  C  will  move  only  in  virtue  of  the  sum  of  the  two  former,  j 
its  vibrations  will  therefore  be  rectilinear,  and  in  the  plane  CD  perpendicular  to  PDQ.  If  the  thickness 
the  plate  of  quartz  were  nothinf^,  or  such  that  the  interval  of  retardation  were  an  exact  number  of  undulatioQ 
A,  B  wotdd  lie  at  opposite  extremities  of  a  diatneter^  luid  C  D  the  new  plane  of  polarizatioti  would  be 
pendicular  to  A  M  that  diameter,  or  coincident  with  the  plane  of  primitive  polarization.  But  if  not,  the  quick 
motion  will  have  (gained  on  the  other  a  part  of  a  circumference  M  B,  which  is  to  a  whole  circumference  as  tbr' 
thickness  of  the  plate  \s  to  thiil  which  would  produce  n  ditference  of  a  whole  undulation ;  and  at  the  emergence 
of  the  two  waves  into  air,  after  which  they  circulate  with  equal  velocity,  if  we  suppose  the  one  molecule  to  be 
settin|j;out  from  A,  the  other  will  be  setting  out,  not  trom  M  the  op])osite  extremity  of  the  diameter,  but  from  B, 
and  therefore  CD  the  new  plane  of  polarization  {which  from  wliat  has  jusi  been  shown  must  always  bisect  the 
an^le  A  C  B)  will  no  longer  he  coincident  with  C  N  the  primitive  plane  of  polarization,  at  rij^ht  aoi^les  to  A  M, 
hut  will  make  an  angle  1>  C  N  with  it  equal  to  half  U  C  jM,  anl  theretore  proportional  to  M  B,  or  to  the  intrn 
of  retardation,  i.e.  to  the  thickness  of  the  plate.  Thus  the  system  of  rays  emer^^ing-  from  the  n>ck  cr3-stal  pb 
will  compound  one  ray  pulanzed  in  one  plaiK%  and  in  the  position  the  orif^inal  plane  woukl  have  had^  had  it  revolved  ' 
unilbrnily  round  the  ray  as  an  axis  durincf  its  passage  t-hrou*»^h  the  plate*  Thus  we  have  a  complete  and  «rti^ 
factory  explanation  of  the  apparent  rotation  of  the  plane  of  polarization,  as  observed  by  Biot  in  the  caseofl 
homogeneous  ray. 

It  is  observed,  that  the  spectra  formed  by  the  double  refraction  of  rock  crystal  along;  its  axis  are  very  highly  i 
unequally  coltmred.    The  \  iolel  rays  aj-e  most  suparaied^  and  therefore  the  dilference  of  velocities  of  the  two  rotatin 
pencils  is  much  pfreater  for  violet  th  m  for  red  rays.     Consequently,  the  apparent  velocity  of  rotation  of  till] 
plane  of  polarization  will  also  be  greater  for  the  violet  rays  in  the  same  profjortion,  and  thus  arise  all  thfei 
phenomena  of  coloration  observed   and  described  by  M,  BioL     It  is  scarcely  possible   to  imagine  «n  analyits 
of  a    natural    phenomenon   more    cvinqdele,   satistactory,    and   elegant.      With    regard  to    the  physical  resfioik, 
of  the  ditference  of  velocity  in  the  two  circular  polarized  pencils  within  the  quartz,  it  is  true  we  remain  in  ikmm 
dark;    but  the  fact  of  such  dillerence  existing  is  now  sliovvn  to  be  no  hypothesis,  but  a  fact  demonstrated! 
their  observed  difference  of  refraction,  and  by  the  obsen'ed  characters  of  the  two  emergent  rays. 


§  XI.  €f  the  Absorption  of  Light  by  Crystailized  Media. 
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CrY^:dlized   media,  endowed  with    the  property  of  double  refraction,  are   foimd  to  absorb  the  difl 
coloured  rays  diirerently,  according  to  their  planes  of  polarization,  and   the   manner  in   which   these  planesiu?  j 
presented  to  the  axis  of  the  crystal,  and  also  to  evert  very  ditfbrenl  absolute  absorbing  entrgies  on  rays  of  fi 
colour  polarized  in  ditTerent  planes.     A  remarkable  instance  of  this  has  been  already  often  referred  to  in  tin 
case  of  the  brown  tourmaline,  a  plale  of  which,  cut  parallel  to  the  axis^  absorbs  almost  entirely  all  rayspolariai 
in  the  plane  of  the  principal  section,  and  lets  pass  only  such  among  oppositely  polarized  rays  as  go  to  ooD' 
stitute  a  brown  colour. 

When  such  a  plate,  then,  is  exposed  to  natural  light,  since  at  the  entrance  of  each  ray  into  its  substance  Hi 
resolved  into  two.  one  f>olarized  in  the  plane  of  the  principal  section,  and  one  perpendicular  to  it,  the  former  I 
absorbed  in  its  progress  by  tlie  action  of  the  crystal,  while  the  brown  purlioti  of  the  latter  escaping  absorpli 
but  retaining  at  its  egress  the  polarization  impressed  on   it,  after  traversing  the  plate,  appears  with   its  pn 
colour,  and  wholly/  poiarized  in  a  plane  at  right  ctttgh's  (a  the  arts.     Thus  the  cnrious  phenomenon  of  the  poll 
rization  of  light  by  transmission  through  a  plate  of  tourmaline,  or  other  coloured  crystal,  is   explained,  or  i 
lea,st  resolved  into  the  more  general  fact  of  an  absorbing  energy  varying  with  the  internal  position  of  the  plaa 
of  polarization.     The  crystal,  in  virtue  of  its  double  refractive  property,  divides  the  ray  into  two,  and  polarizes 
them  oppositely;   and  the  unei|ual  absorption  of  these  two  \jDnunis  subitqucfitiy  causes  the  total  suppression  of 
one,  and  the  partial  of  the  ollter  of  the  portions  so  separated.     Thus  we  see  that  the  polarized  beam  obtained 
by  transmission  throngh  a  tounnaiine  must  always  be  of  nmcli  less  than  half  the  intensity  of  the  incident  hgbL 

The  destruction  of  the  pencil  polarized  in  the  principal  section  is  not,  however,  sudden  ;  for  if  the  plale  of 
tourmaline  be  very  thin,  the  emerging  pencil  will  only  be  partially  polarized,  indicating  the  existence  in  it  of 
rays  belonging  to  the  other  pencJL  This  is  best  shown  by  cutting  a  tourmaline  into  a  prism  having  it*  refiracl^ 
ing  edg;Q  jiaralkl  to  the  axis,  and  its  angle  small,  so  as  to  produce  a  wedge  whose  thickness  increases  not  loo 
rapidSy.  If  we  look  through  this  at  a  distant  candle,  we  shall  sec  only  one  image,  viz,  the  extraordiaary 
through  the  back  of  the  wedge,  (if  thick  enough  ;)  but  as  the  eye  approaches  the  edge,  the  ordinary  image  appears 
at  first  very  faint,  but  increasing  in  intensity  till,  at  the  very  edgt\  it  becomes  equal  to  the  other.  At  the  same 
time  the  colour  of  the  latter,  wliich  at  first  was  intense,  becomes  diluted  ;  and  the  images  appi-oximate  not  oil 
to  equality  of  light,  but  to  similarity  of  tint.  We  see  by  this,  too,  that  in  strictness  tlie  ordinary  pencil  bncv 
compide/y  absorbed  by  any  thickness,  however  great ;  but  as  it  diminishes  in  geometrical  progression  as 
thickness  increases  in  arithmetical,  the  absorption  may  for  all  practical  purposes  be  regarded  as  total  ai  j 
thicknes.ses 


L  I  a  H 


The  indefatigaljle  scniliny  of  Dr.  Brewster,  to  wham  we  owe  nearly  all  our  ktiowledg'e  on  this  subject,  has 
shnwn  that  the  same  property  is  possessed  m  greater  or  less  perfection  by  the  greater  number  of  eoloured  doubly 
refract! npf' media;  and  the  expression  of  the  property  may  be  rendered  g-eneral  by  considerin£ir  all  doubly  refrac- 
tive media  an  possensiiio:  two  distinct  alisorbinfif'  powers  or  two  separate  scales  of  ahaorplion  for  the  two  pencils. 
Or  (adopting-  the  languagfe  of  §  III.  part  2)  as  havingf  two  distinct  iypes^  or  curves  expressinnr  the  law  of  absorp- 
tion Uiroughunt  the  spectrum.  If  these  types  be  both  straigfht  lines  parallel  to  the  abscissa,  the  crystal  will  be 
colourless^  Such  are  limpid  carbonate  of  lime,  quartz,  nitre,  <Slc.  If  they  be  similar  and  equal  curves,  the 
inediura,  allhoiig^h  coloured,  will  present  the  same  colour,  and  the  same  intensity  of  tint,  in  common  as  in  pola- 
rized light.  If  dissimilar,  or  if,  although  similar,  their  ordinates  are  in  a  ratio  of  inequality,  the  character,  in 
the  former  case,  and  l!ie  intensity  in  the  latter,  will  vary  on  a  variation  of  the  plane  of  polarization  of  the  inci- 
uent  beam  .  so  that  if  a  plate  cut  from  such  a  crystal  be  exposed  to  a  beam  of  polarized  white  Hg'ht,  and  turned 
round  in  its  own  plane,  or  otlierwise  inclined  to  the  beam,  its  colour  will  chanj^e  either  in  hue  or  depth  or 
both.  Dr,  Brewster  has  remarked  such  cbauf^e  of  colour  and  the  phenomena  connected  with  it  in  a  great 
variety  of  crystals  both  with  one  and  two  sixes  ^^'f  which  he  has  ^ven  a  list  in  a  most  interesting  Paper  ou  the 
^e  Subject  in  the  Phihrnphkal  TramactUi}i%  1819^  p.  1,  which  we  strongly  recommend  to  the  readers  perusal* 
It  may  he  faniilrarly  seen  in  a  prism  of  smoked  quartz  of  a  pretty  deep  tingle,  which  held  with  its  axis  in  the 
plane  of  polarization  appears  of  a  purple  or  ametltyst  colour,  while  If  held  in  a  direction  at  th^hi  angles  to  this 
position,  its  colour  is  a  yellow  brown. 

But  in  order  to  analyze  the  phenomena  more  exactly,  we  must  examine  the  two  pencils  separately.  To  this 
feud  Dr.  Brewster  took  a  rhomboid  of  yellow  carbonate  of  lime  of  sufficient  thickness  to  give  two  distinct  images 
^f  a  small  circular  aperture  placed  close  betbre  it,  and  illuminated  with  white  light,  when  he  observed  that  the 
image  seen  by  extraordinary  refraction  appeared  of  a  deeper  colour  and  less  luminous  than  the  other,  being  an 
Orange  yellow^  while  the  ordinar)'  image  waa  a  yellowish  v.hite.  He  found,  mnreovcr,  that  the  diHerence  of 
t^lour  was  greater  as  the  paths  of  the  refracted  rays  within  the  crystal  were  more  inclined  to  the  axis,  being  0 
when  the  rays  passed  along  the  axis,  and  a  maximum  when  at  right  angles  to  it.  If  we  denote  by  Y,  and  Y, 
tJie  ordinates  of  the  curves,  expressing  the  law  of  absorption  as  in  Art.  490,  for  the  ordinary  and  extraordinary 
penoW  respectively,  these  will  both  therefore  decrease  as  we  proceed  from  the  red  to  the  violet  end  of  the  spectrum, 
corresponding  to  types  of  the  character  of  that  represented  in  tig.  H4  ;  biU  Y,  b*  iug  smaller,  and  decreasing 
taJore  rapidly  than  Y„.  Moreover,  since  Y,^  =  Y,  in  the  axis,  and  since  as  we  retvde  from  the  axis  Y„  increases 
(because  the  colour  of  the  ordinary  pencil  becomes  whiter  and  more  luminous)  while  Y,  diminishes  by  the  same 
wegjTees,  (the  extraordinary  becoming  deeper  and  less  bright,)  we  shall  represent  both  these  changes  satis- 
Iftctorily  by  putting 

Y.  =  Y  (1  +  jfc  .  sin  m)  ;         Y,  ^  Y  (1  -  it .  sin  $^). 

These  give  Y^  +  Y,  ^  2  Y  =  constant,  or  independent  of  0^  which  agrees  with  an  observation  of  Dr.  Brewster, 
that  in  every  situation  the  combined  lints  of  the  two  images  are  exactly  the  same  with  the  natural  colour  of 
the  mineral,  (which,  in  this  instance,  appears  to  have  been  alike  in  all  directions.) 

tn  this  case,  then,  the  colour  of  a  plate  of  the  crystal  of  given  thickness  exposed  to  natural  light  will  be  the 
iP^i^e,  whether  the  plate  be  cut  parallel  or  perpendicular  to  the  axis.  But  Dr.  Brewster  has  observed,  that  this 
uot  always  the  case,  but  that  great  dilfcrences  occasionally  exist  in  this  respect.  Thus  he  found,  that  in  some 
pp^cimens  of  sapphire  the  colour  when  viewed  along  the  axis  wa^  deep  blue,  and  when  across  it  yellowish  green, 
"Jfi  Idocrase  an  orange-yelknv  tint  is  seen  akmg  the  axis,  and  a  yellownsh  green  across  it.  Specimens  of  tour- 
fixaline  also  are  not  uncommon  in  which  the  tint  across  the  axis  is  green,  while  along  the  axis  it  is  deep  red  ; 
atid,  in  general,  tliis  niiufiral  is  always  much  more  opaque  in  the  direction  of  the  axis  than  in  any  other;  so  much 
SOj  indeed,  that  plates  of  a  very  moderate  thickness  cut  across  the  axis  are  nearly  impermeable  to  Hght.  One  of 
ihe  most  remarkable  instances  of  this  kind  we  have  met  with  is  a  variety  of  sub-oxy sulphate  of  iron,  which 
crystallizes  in  regular  hexagonal  prisms,  and  which  viewed  through  two  opposite  sides  of  the  prism  is  light 
green,  but  along  the  axis,  a  deep  blood  red,  so  intense  that  a  thickness  of  -^\  inch  allows  scarcely  any  light  to 
pass,  ll  is  obvious,  that  to  such  cases  the  forniul®  of  the  last  article  do  not  extend.  But  a  slight  modifi- 
cation will  enable  us  to  embrace  the  phenomena  in  an  analytical  expression.     For  if  we  take 

3^,"  X  4-  Y,  .  smm;        y,  =  X,  +  Y.  .  sin  t?«; 
ivhere  X^,  Y«,  &c.  as  well  as  p^,  y^  represent   functions  of  X  (the  length  of  an  undulation)  being  the  ordinates 
of  so  many  curves*  or  types  of  tints,  whose  relations  are  to  be  determined,  we  have 

3^.  +  y.  =  (X,  +  X.)  +  (Y,  +  Y,)  sin  ^. 
Now  this  IS  the  tint  which  a  sphere  of  the  medium  of  a  diameter  -^  I  will  exhibit  when  viewed  by  natural  light 
alou^  a  diameter  inclined  (P  to  the  axis.     If  we  represent  by  A  and  B   the  ordinates  of  the  types  of  the  tints 
it  is  observed  to  exhibit  in  the  directions  of  the  axis,  and  perpendicular  to  it,  we  have,  when  £?  =:  0, 

3^-  +  yr  =  A  =  X.+  X,; 
and  when  &  —  90°, 

y.+y,  =  B^  (X  +  X,)  +  (Y,  +  YJ, 
whence  we  have  Y,  +  Y,  :=  B  —  A ; 

and  the  tint  exhibited  by  ordinary  light  at  the  inclination  0  to  the  axis,  will  be  represented  by 

y,  +  ^,  =  A  +  (B  -  A).sin(?^ 

^  A  .  cos  ^  +  B  .  sin  ^*. 
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Tims  in  the  case  of  our  sub-oxys^ulphute  of  iron,  A  is  the  ordinate  of  ihe  type  of  a  deep  blood^red  tint,  and] 
in  like  mannpr  represents  a  bright  jmle  g'reen^  so  that  we  shall  have  at  any  intermediate  inclination  B 

lint  =:  (deep  red)  X  cos  ^  -f*  (li^ht  ^reen)  X  sin  (^^ 

which  represents  faithfully  enough  the  gradnal  passage  of  one  hue  iuto  the  other  as  the  inclination  changes. 

8uppos€  now  the  incident  beam  pttlurized  in  any  plane,  and  let  the  plane  in  which  the  ray  and  the  mxia^ 
the  sphere  lie  make  an  angle  =  n  with  that  plane.  Then  wonld  cos  a^  and  sin  a'  represent  the  intensities  y 
the  ordinary  and  extraordinary  pencils  which  superposed  make  up  the  emergent  beam,  were  the  crystal  limpij 
but  in  virtue  of  its  absorbent  powers,  Ifiey  will  be  reduced  respectively  to 

y,  ==  cos  ««  (X,  +  Y,  sin  0%      and  y,  =  «in  a^  (X,  +  Y,  •  sin  e\ 

so  that  at  their  emergence  they  will  no  longer  make  up  white  light,  but  a  variable  tint  whose  type  h&a  lori 
onlinale 

(X,  -  003  ii«  +  X, .  sin  «0  +  (Y, .  cos  «'  -f-  Y, .  sin  a«)  .  sin  ^, 
in  which  it  will  be  recollected  that  X«  +  X,  =  A,  and  Y*  -f-  Y^  =  B  —  A, 

To  determine  the  individnal  values  of  X«»  &c.  however,  we  must  have  two  more  conditions,  and  these  will 
found  by  considering,  first,  that  in  the  direction  of  the  axis  the  tint  must  be  independent  of  a,  which  gives 
X,  .  cos  «'  +  X, .  sin  i^  independent  of  n^  and  therefore  X^  =  X,,  and  either  of  them  =  A,  To  get  onother 
condition,  let  the  tints  be  noticed  which  the  s]>here  or  crystal  exhibits  when  its  axis  is  perpendicular  to  the  visual 
ray ;  and,  first,  coincident  with,  next,  perpendicular  to,  the  plane  of  polarization,  i.  e.  when  a  =  0,  and  a  =  9(P. 
These  are  respectively  X^  -f-  Y.,       and  X,  +  Y,; 

and  calling  these  <i  and  ^,  we  have 

Yj  ^  «  —  X.  :=  a  —  A»    Y,  =  ^  —  A, 
Hence  the  final  eipression  fur  the  tint  seen  in  polarized  light  will  be 

A  +  {  (a  —  A)  .  cos  a*  -f  (6  —  A)  sin  o^  }  .  sin  d\ 
that  is,  A  ,  cos  ^  +  {  «  .  cos  a«  +  6  .  sin  a'  }  *  sin  <?*, 

in  which  it  will  be  observed  that  a  and  &  are  complements  of  each  other  to  the  tint  B,  because 

a  +  6  =r  X.  +  Y,  +  X,  +  y,  =  B,  by  Art.  1064. 

Such  is  the  expression  for  the  apparetit  hue  of  crystals  with  one  axis*,  which  exhibit  a  variable  colour  fii 
common  or  polarized  light,  according  to  their  position  with  respect  to  the  incident  light.  The  phenomenoa  i» 
question  may  be  generally  termed  divkromn,  though  the  word  has  usually  been  applied  only  to  that  purUcalaf 
case  where  a  marked  change  in  the  character  of  the  tiid  takes  place,  as  from  red  to  green,  &c. 

The  dichroism  of  biaxal  crystals  differs  in  many  of  its  phenomena  from   tlmse  having  only  one  optic  ax 
If  we  look  through  a  plate,  or  into  a  crystal  of  any  biaxal  mineral,  having  the  property  in  question,  illuminaU 
by  natural  light  in  such  a  direction  that  the  visual  ray  within  the  crystal  shall  pass  along,  and  in  the  immediallj 
neighbourhood  of,  one  of  the  axes,  we  shall  perceive  a  phenomenon  like  that  represented  in  fig.  206,  consistiofl 
of  two  similar  and  equal  sombre  spaces  A  B  one  on  either  side  of  the  pole  P,  and  of  the  imncipal  section  P  J^I 
and  if  we  look  along  the  other  axis  P'  a  similar  pair  of  spaces  will   be  seen  in  its  neighbourhood.     In 
mineral  called  dickroite  by  Hauy^  (on  account  of  the  striking  ditference  of  its  colours  in  different  positions,)  c 
iolift'  (from  its  violet  hue)  l»y  others,*  of  which  the  phenomena  have  been  described  by  Dr.  Brewster  in  the  Paper 
already  cited,  these  spaces  are  of  a  full  blue  colour,  while  the  intermediate  region  towards  O,  along  the  line  O  PC^_ 
and  the  space  beyotul  P  towards  C  are  yellowish  white.     In  epidote  the  sombre  spaces  are  brown,  and  the  regiolH 
around  O  aud  in  the  principal  section  green,  of  a  greater  or  less  degree  of  dilution.     In  this  latter  mineral  (»^ 
least  in  some  of  its  more  ordinary  varieties  of  crystalline  form»  vig.  in  long  striated  prisms  much  flattened,  and 
terminated  by  dihedral  snmtnits  placed  obliquely,  so  as  to  truncate  two  of  the  angles  of  the  prism)  the  pheoo^™ 
mena  are  seen  without  any  artificial  section,  merely  by  looking  in  obliquely,  across  the  axis  of  Ihe  prism  ;   aaj^j 
the  same   is  true   of  many  other  minerals,  as,  for  instance,  the  axinile,   in  which  the  transition  of   colour  is 
extremely  remarkable  and  beautiful 

The  phenomena  of  dichroism  in  biaxal,  as  well  as  in  uniaxal  crystals,  are  evidently  related  to  the  optic  axes, 
and  depend  on  the  planes  of  polarization  assumed  by  the  intromitted  light,  during  its  transit  through  the  crystal 
to  whose  absorptive  power  it  is  subjected.  Now,  if  we  consider  the  form  and  situation  of  the  sombre  spaces 
w  here  the  greatest  absorptive  energy  is  exerted,  we  are  at  once  struck  by  iheir  analogy  with  those  occupied  hj 
the  more  vividly  coloured  parts  of  the  rays  about  the  axes  in  the  situation  of  fig.  17U.  That  fignre  represeaU 
(Art.  900)  the  extraordinary  set  of  rings  as  seen  in  a  crystal  whose  principal  section  is  in  the  plane  of  primitive 
polarization.  Fig  207  represents  the  ordinary  or  comptcmentary  set  as  seen  around  either  of  the  axes,  tli« 
pole  P,  and  the  principal  section  being  here  occupied  with  white  light,  and  very  bright,  in  consequence  of  ii^ 
containing  the  whole  incident  light,  while  the  lateral  or  coloured  portions  occupied  by  the  rings  are  less  illu- 
minated, the  colours  originating  in  an  abstraction  of  certain  rays. 

Conceive  now  a  number  of  such  sets  of  coloured  rings  not  all  of  exactly  the  satne  dimensions,  nor  having 


♦  Mobs,  Willi  his  utual  contenipiuooi  diircjpril  of,  or  ratTier  hontiSity  to,  all  ordinary  conveiMence  and  ret'crveJ  usage,  dioo«e$  to  call  ibis 
mineral  **  priimtitie  fjimrtzV  Sicli  a  nomenclalure  mmt  en  long  work  out  itiown  djestruclion^  but  vvliile  itsulisist*  the  ii^uifauce  is  into1«nbte. 
We  cannot  but  Ument^  Ui»t  juch  ftCAu&e  should  exi^t  to  rai&e  up  prcJ^tUce  agaiust  a  system  ia  many  rcipecU  m  useful  a.Rd  ^aluaUe. 


558  LIGHT. 

At.     A  more  symmetrical  value  of  0  will,  however,  be  had  by  expressing  the  value  of  sm  2  0»  which 
"^^  4  .  sin  0^  (1  —  sin  0>)  is  immediately  given  by  substitution  of  the  foregoing.     If  we  execute  the 

0  -4-  ^  -4-  2  tL 
shall  find  that,  putting  S  for      '         ' =  half  the  sum  of  the  sides  of  the  triangle  PAP' 


i^j 


2(&  +  flO(^-^      a/S(S-P)(S-^')  (S  -  2fl) 
'''"'^**=  W^ •  T9^ • 


Now  !^^ 4-^7 — is  the  well  known  expression  for  the  sine  of  the  angle  PAP  included 

between  the  sides  ^,  ^,  and  therefore  calling  this  angle  P,  we  have 

"°^^==  (2aV ■•'''"'^- 

'Rie  nature  of  this  expression  renders  the  transition  from  plane  to  spherical  triangles  easy,  and  we  may  condnd^-ff^^^  ^ 
consequently,  that,  in  crystals  where  the  axes  make  any  angle  2  a,  that  if  we  take 

.    „,       sin(^+ ^.sin(^- ^)      .    ^ 

sm  2  0  = /  .    o    NO •  «n  P» 

(sm  2  a)« 

and  ^  =  a  -f  0,  we  shall  still  have  the  intensity  of  the  extraordinary  rings  represented  by  A  (sin  2  ^)%  and  th^^^^  ^l 

of  the  ordinary  by  1  —  A  +  A .  (cos  2  Y^)^  that  is,  1  -  A  (sin  2  V^)*,  their  sum  being,  as  it  ought,  unity.  ^ 

1072.         The  black  cross  which  divides  the  system  of  the  primary  rings,  is  too  remarkable  a  feature  not  to  require  rT|TmrT^-^  ^^ 
Form  of  the  notice.     Its  form,  it  is  evident,  must  be  determined  by  the  condition  that  the  line  M  A  shall  be  everywhere  perpendE».s^^^ 
black  crocs  cular  to  C  O  D,  in  which  circumstances  the  locus  of  A  will  be  a  curve  marking  out  its  central  or  blackest  portio»->jg^^^ 
in  biazal     lyjjg  problem  then  is  reduced  to  a  purely  geometrical  one.  Required  a  curve  P  A  such  that  a  line  drawn  from       m^^ 
v2«Hwted    bisecting  the  angle  between  lines  AP,  A  P'  drawn  to  two  given  points  P,  F,  shall  always  be  perpendicular  tccfeu:^    \Jt 

given  line  COD.    To  resolve  this,  retaining  the  former  notation,  and  putting  O  M  s  ^,  M  A  =  y«  ft  n  -  ^  * 

we  have 

k.  r\T%  iKf\iJi         \       JP -COS  a  4- y.  sin  a        N 

COS  A  O  P  =  cos  (A  O  M  -  o)  = '-^ =  — , 

r  r 

.     .  ^  -^      y  '  cos  a  —  jp .  sm  a       M 

sm  A  O  P  :s  ^ =  — , 

r  r 

putting  N  and  M  for  the  respective  functions  in  the  numerators  of  the  fractions. 

Now  since  PAM  is  half  the  angle  PAF,  itis  easyto  seethatwemust  have2xangleO'AM=:PAO-P'il^^JlO. 

^4-r*  — rt*  ^'  +  f«— a* 

cosPAO=       V  ^       ;  cosFAO=  -t    i^— ; 


But,  cosFAU=       -^^^       ;  cos  1- AU= -g^^- 

—  =  — ismFAO:.-^, 


and  sin  P A  O  =  sm  AOP  X  ^-r  =  — r  ;  sm  F  AO  = 


consequentlv  we  have,  first, 

«in20AM,or-/  =  —  |^t_ ±__  |  =  ___  (^a  .  fl*) ,  ^,^ 

and,  secondly, 

cos  20AM  =?^  =  A  {(^_±^-^;^^+J:'-'^>  +  «.M  j 

Now  we  have  fiirther, 

^  =  ^  +  r.-2ar.cosAOP  =  a.  +  r^-2«N|  ^_^.^,,^^ 

e'4=  =o«-f  r«-|-  2oN->  ' 

which  substituted  in  the  values  of  sin  2  O  AM  and  cos  2  O  AM  above,  give  the  equations 

^y.e6'  =  o«.MN, 
(y»  -  ^)  .  Oy  =  r*  -h  a*  (M«      N«). 

and,  eliminating  6  ^  from  these,  we  obtain 

a'(y"-«^).MN  =  J?y  {  r*  +  a«(M«  -  N»)}. 

In  this  it  only  remains  to  substitute  for  MandN  their  values  y .  cosa  —  j^.sina,  and  y.sina -f  ••eot«» 
which  done,  the  whole  will  be  found  divisible  by  r*,  and  will  reduce  itself  to  the  very  simple  equation 
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Tl»e  black  cross  ttien  is  an  hyperbok,  passing  tbrou^h  ibe  poles  P»  P',  and  having  tlic  planes  of  primitive  pola- 
rization, and  one  perpendicular  to  it  (CD  and  cd}  for  its  asymptotes,  and  which  as  «  approaches  to  0,  or  90^, 
approaches  nearer  and  nearer  to  its  asymptotes,  with  which  it  at  last  coincides  in  the  limititig"  case,  all  which  liypci^'ol* 
particulars  are  exactly  conformable  to  fact,  and  may  easily  be  verified  by  torning;  a  plate  of  nitre  round 
between  crossed  tourmalines.  When  the  inclination  of  the  axes  is  so  considerable,  that  the  rings  about 
both  poles  cannot  be  seen  at  once,  there  will  arise  mtjdificattons  from  the  substitutions  of  the  sines,  &c*  of  arcs 
for  the  arcs  themselves,  which  it  is  not  worth  while  to  enter  into. 

To  return  now  to  the  phenomena  of  dichroism.  That  portion  of  the  light  transmitted  by  a  biaxal  coloured 
medium  which  has  relation  to  the  optic  axes,  and  whicli  forms  the  sombre  brushes  of  colour  (in  fig.  206,)  and 
the  bright  spaces  which  divide  them^  have  evidently  for  their  analytical  expression  a  function  of  the  form 

Y.(cos2  0)'+B.(sin2  0)';    (a) 

where  Y  and  B  are  functions  of  X,  and  represent  the  ordinates  of  the  types  of  two  fundamental  tints,  0  represent* 
ing  as  before  the  angle  FN  A,  fig.  208,  or  the  angle  made  by  the  plane  of  ordinary  polarization  with  the  principal 
section.  But  besides  this,  the  phenomena  described  by  Dr.  Brewster,  as  exhibited  by  the  ioHie,  require  us 
to  admit  two  other  portions,  which  may  be  more  naturally  referred,  not  to  either  of  the  optic  axes  but  to 
the  line  CO  (fig.  209)  bisecting  them,  and  having  for  its  expression  a  function  of  the  form  fl.cosOA*  -f- 
b  -sin  O  A*.  In  this  mineral,  w^hen  exposed  to  common  liglil  (or  to  polarized,  provided  we  place  its  principal  section 
at  right  angles  to  that  of  polarization,)  the  lateral  brushes  A,  B,  fig,  206,  are  blue,  and  the  bright  rays  which 
divide  them,  passing  through  the  poles  P,  P'are  white,  or  yellowish  white,  and  so  far  the  phenomena  agree  with 
the  expression  (a)  if  we  suppose  Y  to  represent  a  bright  yellowish  whitei  and  B  a  blue.  But  according  to  that 
expression  alone,  the  blue  spaces  should  be  continued  down  to  the  equator  C  a  b  D,  fig»  206,  and  there  ought 
to  be  two  directions  C  D  and  ah  m  which  the  mineral  viewed  transversely  to  the  axis  of  the  prism  (which  is 
perpendicular  to  the  plane  Ca6D)  should  appear  yellow,  and  two  others,  m  ti  and  pq^  in  which  it  should 
transmit  a  blue  colour,  while  in  the  direction  of  the  axis  O  it  should  appear  yellow.  Now,  on  the  contrary,  the 
equatorial  colour  is  nearly  uniform  and  pale  yellow,  while  that  along  the  axis  O  is  blue;  and  in  proceeding 
from  the  equator  toward  the  axis  O  of  the  prism,  the  yellow  diminishes,  and  the  blue  gains  strength,  whether 
we  set  out  from  C  and  D,  or  from  a  and  &,  precisely  as  would  be  indicated  by  the  other  formula 

y  .  (sin  O  A)*  +  6  .  (cos  O  A)', 
y  representing  a  yellow  white  and  6  a  blue  tint.     If,  therefore,  we  put  O  A  ^:  r,  the  joint  expression 
T  =  (Y,eos20*+B.sin20*)+(y,sini''  +  6.cosvt);    (6) 

will  be  found  to  represent  pretty  correctly  the  variations  of  colour  as  far  as  they  can  be  judged  of  by  the  eye. 
Tlius,  at  O  where  v  =  o,  and  0  =  90°,  w^e  have  T  =  Y  +  6,  which  may  indicate  either  a  yellow,  a  white,  or  a 
blue,  according  as  we  suppose  Y  or  h  to  be  predominant.  The  fact  being,  that  the  tint  at  O  is  blue,  we  must 
suppose  the  latter  to  express  the  more  decided  colour.  As  we  proceed  from  O  along  the  sections  O  C,  O  D, 
or  O  c,  O  6,  in  both  of  wliich  sin  2  0  ^  o,  we  have 

T  =  (Y  -h  y  .  sin  v«)  +  6  *  cos  !/»  —  (Y  ^  h)  ^  (y  -  b)  .  sin  v" 

Now  y  expressing  a  yellow  white  and  b  a  strong  blue,  y  — 6  will  express  a  proportionally  vivid  yellow,  and 
therefore  the  blue  tint  Y  +  h  seen  along  the  axis  will  be  diluted  with  more  and  more  yellow  as  we  approach  the 
equator;  at  PP',  then,  (by  a  proper  assumption  of  numerical  values)  it  will  be  rendered  nearly  neutral,  after 
which  the  yellow  will  predoniinate,  and,  at  the  equator,  will  remain  alone  sensible,  the  expression  for  T  then 
becoming  T  =  V  -f-  ^»  at  the  points  C,  «,  6,  D.  Let  us  next  consider  the  case  when  cos  2  0  =  0,  or  0  ;=  45"^, 
that  lb  to  say,  along  the  axes  or  most  intense  lines  of  tite  lateral  brushes.     In  this  case  we  have 

T  =  B  +  (y .  sin  ***  +  b,  cos  v«)  =  (B  +  6  .  cos  >^)  +  y .  sin  v\ 

Now  if  we  suppose  B  and  h  to  represent  blue  tints,  since  (in  the  case  of  iolite)  the  angle  between  the  axes  or 
PP  =  62^50'  and  OP  =  31° 25'.  we  have  in  the  immetliate  vicinity  of  the  poles,  (sin  j*)^  =^  ;J  nearly,  and 
cos  v^  =  J,  so  that  in  the  immediate  neighbourhood  of  P  the  tint  of  the  most  intense  part  of  the  brushes  will  be 
B  +  3^  H-  ;J^  y,  which,  on  very  reasonable  suppositious  of  the  numerical  values  of  B»  b  and  y  will  denote  a  ftdl 
and  rich  blue.  But  as  we  approach  tlie  equator  at  m,  n,  /?,  y,  cos  v*  diminishing  and  sin  v*  increasing,  the  sombre 
tint  B  is  continually  more  feebly  reinforced  by  the  tint  b.  cos  *'*  and  more  strongly  counteracted  by  y .  sin  ►',  till 
at  length  it  will  be  overpowered,  and  the  colour  in  these  points,  as  in  C,  i7,  D,  6,  will  be  yellow  only  somewhat 
less  decided  than  in  the  latter,  iLs  tint  being  represented  by  T  =  y  +  B  instead  of  y  +  D. 

In  generab  if  we  put  A  for  the  tint  transmitted  along  the  axis  O  of  the  prism,  P  for  that  seen  along  the  poles, 
Xi  for  that  of  tlie  lateral  branches  at  their  origin  close  to  the  poles,  and  E  for  the  mean  equatorial  tint,  we  shiifl 
have  for  determining  Y,  y,  B,  b^  the  equations 

A:sY  +  5,    2Ei=2y+B  +  Y, 
P  —  Y  +  y .  sin  a'  +  6 ,  cos  a^\     L  =  B  -f-  y  .  sin  tf*  +  6  ,  cos  a\ 

on  elimination  from  these,  it  will  appear  that  there  is  an  equation  of  condition  to  be  satisfied,  mz. 

2  (A  -  P)  -  (2  A  -  2  E       P  -f  L)  .  sin  o' ;    (r) 
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and  that  supposiog  it  satisfied,  one  of  the  tints,  as  y, 
'  arbitrary,  and  the  others  will  be  given  by  the  equation 

2Y  =  2E  +  P-L-2y 
2B:=2E-P-|-L  —  23^ 
2  b  =2A-2E''P  +  L-f-2y 

in  which  y  must,  however,  be  such  as  to  render  Y,  B,  b  real  tints,  i,  e,  expressed  by  positive  numbers. 

To  apply  this,  for  example's  sakci  to  the  case  of  the  ioHte,  let  us  regard  every  white  ray  as  consisting  of  t 
complementary  rays  of  bright  yellow  and  bright  blue  of  equal  efficacy ;  and   suppose  that  by  observ^ation 
have  ascertained  its  equatorial  tint  E  to  be  a  very  pale  but  stron^^ly  luminous  yellow  white,  consisting  of  I 
such  yellow  rays,  and  99  such  blue  ones,  producing^  a  joint  intensity  —  209.     Moreover,  let  the  tint  seen  along 
the  axis  of  the  prism  (A)  be  a  blue,  of  a  good  colour,  but  considerably  less  intensity,  represented  by  10  %i\ 
yellow  +  *^^  such  blue  rays  =  30.     That  seen  along  the  optic  axes  (P)  to  be  a  white  represented  by  36  yelli 
+  36  blue  =  72,  and  that  of  the  most  intensely  coloured  portions  of  the  lateral  brushes  ^  L  to  be  a  stroi 
blue  than  thai  seen  in  the  axis  of   the  prism,   such   as  may  be  represented   by  28  yellow  -}~  ^^  hlne  n  iii- 
These  numbers  are  chosen  so  as  to  satisfy  the  equation  of  condition,  taking  a  =  30°,  and  if  we  substitute 
we  shall  find 

3/  +  y  —  U4  yellow  -j-  84  blue  ;       B  ^^  y  =  105  yellow  +  1 14  blue  ;      y  -  6  ^  104  yellow  H-  64  blue, 

y  remaining  indeterminate ;  if  we  suppose  its  composition  to  he  m  yellow  -f  n  blue,  we  may  determine  m  and 
n  by  the  two  conditions  that  6  shall  (as  we  have  before  supposed)  represent,  a  pure  blue  without  any  miiturt 
of  yellow,  and  Y  a  very  pale  yellow,  such  as  would  result  from  a  mixture  of  yellow  and  blue  in  the  ratio  of  10 
to  9.     These  conditions  are  satisfied  by  taking  m  ^  104  and  ?i  =:  7&;  so  that  we  have,  finally. 


1 


Y=     10  yellow  +     9  blue; 
y  =  104  yellow  -f-  75  blue ; 


B  =  2  yellow  -f-  39  blue ; 
b  =:0  yellow  +  1 1  blue  ; 
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and  these  being  taken  for  the  values  of  the  coefficients  in  the  expression  (b)  Art,  1073,  it  will  be  found  on 
to  reproduce  the  tints  actually  observed.  In  fact,  the  extreme  equatorial  tints  being  y  -f  Y  and  v  -h  B,  ^ 
respectively  represented  by  114  yellow  +  84  blue,  and  105  yellow  +114  blue;  the  former  is  a  very  paJI^^ 
yellow,  but  highly  luminousj  being  equivalent  to  30  rays  of  yellow  diluted  with  16H  of  white;  while  the  latter  i» 
a  blue  so  pale  as  to  be  undistinguishable  from  white,  and  also  highly  luminous,  being  equivalent  to  8  rays  ol^ 
blue  diluted  with  2!2  of  white. 

The  reader  will  perceive  that  the  formula  in  question  Is  merely  empirical,  and  that  more  numerous  experi- 
ments than  we  possess  will  he  requvred  to  establish  or  disprove  it.  It  is  unfortunately,  however,  diflficidt  to 
meet  with  biaxal  crystals  sufficiently  dichromatic  for  the  purposes  of  decisive  experiment,  and  at  the  same  time 
large  and  transparent  enough  to  adtnit  of  being  cut  into  the  forms  and  examined  in  the  directions  requirpi 
through  a  thickness  sufficient  for  a  full  developement  of  their  colours.  Such  are  indeed  hardly  less  rare  thio 
the  most  precious  gems  ;  and  th's  circumstance  is  a  great  obstacle  to  the  advancement  of  our  knowledge  ill  out 
of  the  most  interesting  branches  of  optical  inquiry,  which  that  of  dichroism  certcunly  desenes  to  be  considered. 
Among  artificiiil  crystals,  however,  there  is  room  to  suppose  that  subjects  fit  for  such  experiments  may  be  rod 
with.  One  remarkable  instance  of  dichroism  amon^  these  has  been  mentioned  in  the  suh-oxysulphate  of  iron. 
To  this  we  may  add  the  potash- muriate  of  palladium,  which  exhibits  along  the  axis  of  the  four-sided  prism  ia 
which  it  crystallizes  a  deep  red,  and  in  a  transverse  direction  a  vivid  green.  {WoUaston,  Phil.  Traiu.  1804.  Ott 
a  new  metal  in  Crude  Platina.)  The  curious  property  of  the  purpurates  of  ammonia,  potash,  &c,  described  by 
Dr.  Prout,  {PhiL  Tram,  1808,)  which  by  transmitted  light  exhibit  an  intense  red,  and  by  reflected,  on  ooe 
surface,  a  dull  reddish  brown,  and  on  another  a  splendid  green,  appears  referable,  not  so  much  to  the  principle 
of  dichroism  properly  so  called,  as  to  some  peculiar  conformation  of  the  green  surfaces,  producing  what  maybe 
best  termed  a  superficial  colour,  or  one  analog'ous  to  the  colour  of  thin  plates,  and  striated  or  dotted  surfaces, 
A  remarkable  example  of  such  super6cial  colour,  differing  from  the  transmitted  tints,  is  met  with  in  the  gnfeii 
fluor  of  Alston-moor,  which  on  its  surfaces,  whether  natural  or  artificial,  exhibits,  in  certain  lights,  a  deep  blue 
tint,  not  lo  be  removed  by  any  polishing* 

Dr,  Brewster  has  shown  that  the  action  of  heat  often  modifies  in  a  very  remarkable  manner  the  colour  ol 
doubly  refracting  crystals,  producing  a  permanent  change  in  the  scale  of  absorption  of  the  crystals  as  aflecting 
one  of  the  pencils  and  not  the  other.  Thus,  having  selected  several  crystals  of  Brazilian  topaz  which  displayed 
no  change  of  colour  by  exposure  to  polarized  lighti  (and  in  which,  of  course,  the  types  of  both  absorptioas 
must  have  been  alike»)  and  bringing  them  to  a  red  heat,  or  even  boiling  them  in  olive  oil,  or  mercury,  they  expe- 
rienced a  permanent  change,  and  had  acquired  the  property  of  absorbing  polarized  light  unequally.  He  tben 
took  a  topaz  in  which  one  of  the  pencils  was  yellow  and  the  other  junk  ;  and  by  exposing"  it  to  a  red  heat,  bt 
found  the  extraordinary  pencils  more  poweriully  acted  on  than  the  ordinary,  the  yellow  coloiu'  being  dischaigcd 
entirely  from  the  one,  wliile  only  a  slight  change  was  produced  in  the  pink  tint  of  the  other.  This  change  of  eolotir 
in  the  topaz  by  heat  (though  not  its  intimate  nature)  is  well  known  to  jewellers,  who  are  in  the  habit  of  thoa 
developing  in  this  gem  a  colour  more  highly  prized.  It  is  remarkable,  that  while  hot  the  topaz  is  perfectly  colour- 
less,  and  acquires  the  pink  colour  gradually  in  cooling.  By  the  repeated  action  of  very  intense  beat  Dr. 
Brewster  was  never  able  to  motlify  or  remove  this  permanent  pink  tint.  How  far  violent  compre5vsioni  slow 
application^  and  abstraction  of  the  heat,  or  other  modifying"  circumstances,  might  prevent  its  developement,  i* 
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Light     hemitrope  filing,  passing  through  the  longer  diagonab  of  opposite  faces  of  the  primitive  rhomb.     If  w%  lock  at 
^.^0^>y^0^^  a  candle  through  such  an  interrupted  rhomb,  it  will  be  seen  accompanied  by  a  pair  of  lateral  images  atidi  aa 
here  described,  and  exhibiting  frequently  the  complementary  tints  with  great  splendour. 

1081.  I^  ^®  luminary  from  which  the  ray  S  a  issues  be  smail,  the  lateral  images  will  be  separated  by  a  dark  interval 
Phenomena  from  each  other  and  from  the  central  one,  but  if  large  they  will  overlap.     If  infinite  (as  where  the  uniform  light 
of  idio-        of  the  sky  is  viewed]  all  the  images  will  be  superposed.     But  the  field  of  view  will  not  necessarily  be  unifor 
cyclopha-     j^q^j  white.    The  central  image  will  form  an  intense  white  screen,  or  ground,  on  which  will  be  projected  the  lateraL^;^^ 
cmtals        ones.     Now,  if  the  film  be  so  constituted  as  to  have  within  the  visible  field  of  view  of  one  only  of  the  latendF,^^^ 

images  the  pole  of  one  of  its  sets  of  rings,  (which  will  be  the  case  whenever  one  of  its  optic  axes  is  not  v«n^^-^^^ 
remote  from  perpendicularity  to  the  surface  of  the  plate  A  D,  so  as  to  admit  of  one  of  the  rays  O  E  or  E  (T^  ^ 
traversing  the  film  in  the  direction  of  its  axis,)  that  set  of  rings  will  not  be  seen  projected  centrally  on  the  cor-'^^-^ 
responding  set  complementary  to  it  of  the  other  lateral  image,  by  reason  of  the  angular  separation  of  these  tw»  -^^^ 
images.  Of  course  its  colours  will  not  be  neutralized,  and  it  will  be  visible  per  «e,  though  very  faint,  bein^ ,«^  ^ 
diluted  by  the  whole  white  light  of  the  central  image  (O  O,  E  E)  and  by  the  whole  visible  and  nearly  unifon^^^^ 
portion  of  the  other  lateral  one  (O  E.)  ^* 

1082.  This  is  not  the  only  way  in  which  a  crystal  perfectly  colourless  may  exhibit  its  sets  of  rings  by  exposure  S* 

Pig.  211.  common  daylight  without  previous  polarization,  or  without  subsequent  analysis  of  the  transmitted  pencil.  Tfc^^fc^ 
general  mass  of  the  crystallized  plate  may  have  one  of  its  optic  axes  in  the  direction  of  the  visual  ray,  as  ""^. 
fig.  211,  and  the  portion  of  it  C  Ddc  included  between  two  films  B  Cc6  and  DdeE  will  then  form  preds^fe^,^^^ 
such  a  combination  as  that  above  described,  and  will  exhibit  a  set  of  rings  feeble  in  proportion  to  the  rarity  •  ^r^  A 
minuteness  of  the  films,  and  the  consequently  small  area  of  their  outeropping  surfaces  B  C,  D  E.  These  are  r^  ^^ 
hypothetical  cases.  Dr.  Brewster  states  himself  to  have  met  with  specimens  of  nitre  exhibiting  their  rings  j^^  _^ 
86.  Such  are  rare.  But  in  the  bicarbonate  of  potash  it  is  an  accident  of  continual  occurrence ;  and,  inde^^^^AT 
almost  universal.  The  films  in  both  cases  are  easily  recognised,  and  their  position  and  that  of  the  systenK-^g-^n  ^e 
ring^  seen  leave  no  doubt  of  the  correctness  of  the  explanation  here  given.  Such  crystals,  of  which  more  ^^  ^ 
no  doubt  be  hereafler  recog^sed,  may  be  termed  idiocy clophanous  till  a  better  term  can  be  thought  of. 


§  XII.    On  the  effects  of  Heat  and  Mechanical  Violence  in  modifying  the  action  of  Media  on  Lights  and  on 
application  of  the  Undulatory  Theory  to  their  explanation. 
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It  was  ascertained  independently,  and  about  the  same  time  by  Dr.  Seebeck  and  Dr.  Brewster,  that  when  glZ^ati^ 
which  in  its  ordinary  state  offers  none  of  the  phenomena  of  double  refracting  media,   is  heated  or  co^a^mled 
unequally,  it  loses  this  character  of  indifference,  and  presents  phenomena  of  coloration,  &c.  analogous,  in  n^^aoy 
respects,  to  those  exhibited  by  doubly  refracting  crystals.     If  the  heat  communicated  be  below  the  tempera  ^^ure 
at  which  glass  softens,  the  effect  is  transient,   and  vanishes  when   the  glass  attains  a  uniform  tempera  '^ure 
throughout  its  substance,  whether  by  the  equable  distribution  of  the  caloric  throughout  its  mass,  or  h^g^  it* 
abstraction  in  cooling.     But  if  the  temperature  communicated  be  so  high  as  to  allow  the  molecules  of  the  g^-'Saai 
to  yield  to  the  mechanical  forces  of  dilatation  and  contraction  produced  in  the  act  of  cooling  and  take  a  sraev 
arrangement,  the  effect  is  permanent,  and  glass  plates  so  prepared  have  many  points  of  resemblance  with  c  3^7>- 
tallized  bodies.     Dr.  Brewster  afterwards  ascertained,  that  mechanical  compression  or  dilatation  appliec9  to 
glass,  jellies,  gums,  and  singly  refractive  ciystals  (such  as  fluor  spar,  &c.)  is  capable  of  imparting  to  them       tfce 
same  characters.     If  the  medium  to  which  the  pressure  is  applied  be  perfectly  elastic,  like  glass,  the  effect,    Tib 
that  of  heat,  is  transient.     But  if  during  the  continuance  of  the  compression  or  dilatation,  the  particles  of    ^^ 
medium  are  allowed  to  take  their  own   arrangement  and  state  of  equilibrium,  then  when  the  external  forc^  ^ 
withdrawn  a  permanent  polarizing  character  will  be  found  to  exist. 

As  periodical  colours  are  not  produced  in  phenomena  of  this  class  without  a  resolution  of  the  incident  li^f 
into  two  pencils  moving  with  different  velocities,  and  as  a  difference  of  velocities  is  invariably  accompanied  ytith 
a  difference  of  refraction  at  inclined  surfaces,  it  might  be  expected  that  media  thus  under  the  influence  of  beat 
or  pressure  should  become  doubly  refractive.  This  has  been  verified  by  direct  experiment  by  M.  Fresnel,  who 
has  shown  that  a  peculiar  species  of  double  refraction  i^  thus  produced. 

As  ihe  unusual  heating  or  cooling  of  glass  and  other  substances,  is  well  known  to  produce  in  the  parts 
heated  or  cooled  a  corresponding  inequality  of  bulk,  and  thus  to  bring  the  parts  adjacent  into  a  state  of  strain  in 
all  respects  analogous  to  that  arising  from  mechanical  violence,  and  as,  in  fact,  the  effects  of  heat  in  commmii- 
cating  double  refraction  to  glass,  whether  transient  or  permanent,  are  all,  as  we  shall  see,  (with  one  very 
obscure  and  doubtful  exception)  commensurate  with  the  amount  of  the  strain  thus  transiently  or  permadratly 
induced,  we  have  little  hesitation  in  regarding  the  inequality  of  temperature  as  merely  the  remote,  and  the 
mechanical  tension  or  condensation  of  the  medium  as  the  proximate  cause  of  the  phenomena  in  question*  and 
are  very  little  disposed  to  call  in  the  agency  of  a  peculiar  crystallizing  fluid,  endowed  with  properties  analogous  tr 
those  of  magnetism,  electricity,  &c.,  to  account  for  the  phenomena,  still  less  to  regard  media  under  the  infliieiAsei) 
heat  or  pressure  as  in  arty  way  thereby  rendered  more  crystalline  than  in  their  natural  state  of  equilibrium. 

In  gasiform,  or  fluid  media,  no  such  phenomena  are  observed  to  be  developed  by  either  heat  or  pressure ;  tl 
reason  is  obvious,  the  pressure  is  equally  distributed  in  all  directions,  and  the  elasticity  of  the  ether  (on  t! 
undulatory  hypothesis)  preserves  its  uniformity. 

But  in  solids  the  case  is  different.     The  molecule*  cannot  ^hift  their  places  one  among  the  other,  and  t 


I 


I 


LIGHT. 

effect  of  a  compression  in  nixy  direction  is.  fir$i,  lo  urg-e  conligruous  particles  nearer  tog^ether  in  that  direction, 
and  thereby  to  call  into  ju-tion  their  repulsive  forces^  more  tfian  in  ihe  natural  state,  to  maintain  the  equilibriiim; 
secondly,  but  much  more  slightly  to  urg:e  contiguous  particles  in  a  direction  perpendicular  to  that  of  the  pressure 
laterally  atjtndrr,  hy  renaon  ot^lhe  increase  of  the  obliqoe  repulsive  force  develo[)ed  by  the  approach  of  the  mole- 
cules in  the  line  of  pressure  to  those  which  lie  obliquely  to  that  line.  Dut  this  action,  which  in  fluids  would 
Cjiu»e  a  motion  of  the  lateral  particles  out  of  the  way,  in  solids  is  ultimately  equilibrated  by  an  increase  of  the 
attractive  forces  of  the  adjacent  molecules  hi  a  line  perpendicular  to  the  line  of  pressure  ;  and  thus  we  see  that 
every  external  force  applied  to  a  solid  is  accompanied  with  a  condi-nsatifin  of  its  particles  in  the  direction  of  the 
forc^  and  a  dilatation  in  a  perpendicular  direction.  It  is  probable,  however,  that  thiJ^i  latter  is  extremely  minute, 
on  account  of  the  rapid  diminution  of  the  molecular  forces  by  increase  of  distance,  rendering  the  diagonal  action 
insensible.  But  the  former  may  easily  be  conceived  to  produce  in  the  ether,  m  virtue  of  its  cotmection  (what- 
ever it  be)  with  the  molecules  of  refracting;  media*  a  difference  of  elasticity  in  the  two  directions  in  question, 
accompanied  with  all  the  necessary  concomitants  of  interferintr  pencils,  periodical  colours,  and  double  refrac- 
tion The  effect  of  dilatation  will  be  the  converse  of  that  of  compression,  the  direction  of  maximum  elasticity 
in  Ihe  one  case  being  that  of  minimum  in  the  other. 

These  views  are  in  perfect  accordance  with  the  experiments  described  by  Brewster  and  Fresnel  on  compressed 
and  dilated  g-lass.  According  to  the  former  {PA/7.  Traitx.  lBi6.  vol.  106)  the  effect  of  pressure  on  the  opposite 
edg-es  of  a  parallelepi]>ed  of  glass  is  to  devclope  in  it  **  nentrar  and  **  depolari2ing  axes,*'  the  former  parallel 
and  perpendicular  lo  the  direction  of  the  pressure,  the  latter  45"^  inclined  to  them  ;  in  other  words,  a  parallelepiped 
of  glass  so  compressed,  will  when  exposed  to  a  ray  polarized  in  the  pi. me  parallel  or  perpendicidar  to  the  sides 
to  which  the  pressure  is  applied,  produce  no  change  in  its  polarisation  and  d  eve  I  ope  no  periodical  colours,  while 
if  poIari;5ed  in  45°  of  azimuth  with  respect  to  those  sides,  it  will  develope  a  tint»  descending-  in  the  scale  of  the 
coloured  rings  as  the  pressure  increases, 

III  this  case,  if  the  pressure  be  uniformly  applied  over  the  whoJe  length  of  each  opposite  side,  the  elasticity  of  the 
ether  in  every  point  of  the  plate  will  be  uniform  in  either  direction  at  every  point  of  the  plate,  being  a  maximum  in 
one,  and  a  minimum  in  that  at  right  angles  lo  it.  The  incident  light  therefore  if  polarized  in  azimuth  «"  will  resolve 
itself  into  two  pencils  of  unequal  intensity  {viz.  cos  «"*  and  sin  a'^)  polarized  in  these  two  pbmes,  and  differing  at 
their  egress  by  an  interval  of  retardation  proportional  to  ^  X  (i''  —  v)^  where  t  is  the  ihickness  traverf»ed,  and 
f<  —  t»  the  difference  of  velocities  of  the  pencils,  which  when  received  on  a  double  retracting  prism  will  (as  in  the 
Cdse  of  a  crystallized  plate  (Art.  !)69)  give  rise  to  complementary  periodical  tints  in  the  two  images,  the  extra- 
Ordinary  image  vanishing  when  a  ^:  0,  or  90,  and  the  contrast  being  a  majtimum  at  45^.  It  is,  of  course^ 
extremely  difficult  to  give  such  a  perfect  equality  of  pressure,  so  that  we  must  not  be  surprised  if  a  perfect 
uniformity  of  tint  over  the  whole  surface  of  the  glass  should  not  take  place.  In  the  experiment,  however, 
described  by  Dr.  Brewster  (Prop.  I.  of  the  Memoir  cited)  this  seems  to  have  been  the  case. 

If  we  suppose  the  elasticity  of  the  ether  in  compressed  gla-ss  Itn  m  the  direction  of  the  force  applied  (and 
where  consequently  the  medium  is  densest,  according:  to  the  general  law)  than  in  the  perpendicular,  the  contrary 
will  be  the  case  in  dilated.  Hence,  supposing  the  forces  equal,  in  two  similar  plates,  the  extraordinary  waves,  or 
tho^e  whose  vibrations  are  performed  in  the  direction  of  the  pressure,  and  which  are  therefore  polarized  at  right 
angles  to  that  direction,  will  advance  most  rapidly  in  the  former  case,  the  ordinary  in  the  latter.  Conse<|uently,  if 
we  regard  the  interval  of  retardation  or  the  tint,  ^  (i/  —  v}  as  negative  in  the  former  case,  it  will  be  positive  in  the 
latter;  and  the  tints  in  the  two  cases  will  present  the  opposite  characters  of  those  exhihited  by  doubly  refracting 
crystals  of  the  two  classes  described  in  Art.  940,  et  neq.  see  also  Art.  803,  as  negative  and  positive,  or  repulsive 
and  attractive.  Two  such  plates,  therefore,  placed  homologously,  or  with  die  directions  of  the  forces  coincident, 
ought  to  neutralize  each  other,  and  if  crossed  at  right  angles  should  reinforce  each  other;  and  in  general,  if  ^  b€ 
the  thickness  and /the  compressing  force  applied  to  any  plate  (supposing  the  diflierencc  of  velocities  to  be  pro- 
portional to  the  force^  and  regarding  dilating  forces  as  negative)  we  shall  have  for  homologously  situated  plates 

T  =  tint  polarized  by  any  number  of  plates 

=  (/*«  +  /. ^+/".r  +  &c.) 

In  the  case  of  crossed  plates  the  thicknesses  of  those  placed  transversely  are  to  be  regarded  as  negative,  just  as  in 
the  case  of  the  superposition  of  crystallized  plates.  AH  these  results  are  conformable  to  the  experiments 
of  Dr,  Brewster 

The  phenomena  of  contracted  and  dilated  glass  may  most  easily  and  conveniently  be  produced  by  bending^ 
a  long  parallel  plate  of  glass  having  its  longer  edges  polished,  and  paiising  the  light  through  them  across  its 
breadth.  In  this  case,  as  in  all  cases  of  flexure,  the  convex  surface  is  in  a  state  of  dilatation,  and  the  concave  of 
compression,  while  there  exists  a  certain  intermediate  line  or  boundary  betw*een  these  oppositely  a  flee  ted  regions 
in  which  the  substance  is  in  its  natural  state  of  equilibrium,  and  on  both  sides  of  which  neutral  line  tlie  degree 
of  strain  increases  as  we  recede  from  it  towards  either  surface.  Fig.  212  is  a  section  of  such  a  bent  plate, 
much  exaggerated,  through  which  light,  polarized  in  a  plane  45®  inclined  to  its  length,  has  been  passed  and 
analyzed  as  usual.  The  neutral  line  is  marked  by  a  divided  black  stripe,  and  the  tints  on  either  side  of  it  descend 
in  Newton*s  scale,  being  arranged  in  stripes  disposed  according  to  the  lines  II,  22»  33,  44,  &c.  The  lintSt 
however,  on  opposite  sides  of  the  neutral  line  have  opposite  colours,  being  positive  on  the  side  of  tlie  dilatation, 
or  towards  tlie  convexity,  and  negative  on  the  compressed  or  concave  side.  In  a  plate  of  glass  L5  inch  broad, 
0.2S  thick  :  nd  six  inches  long,  Dr.  Brewster  developed  seven  orders  of  colours  before  the  glass  broke  with  the 
bending  force  applied.  This  experiment  atTords  an  exceedingly  beautiful  iliustration  of  the  action  of  compressing 
and  bending  forces  on  solids,  and  furnishes  ocular  evidence  of  the  state  of  strain  into  which  their  aeveral  parUf 
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are  broug^ht  by  external  violence.    The  ing'eniiity  of  Dr.  Brewster  has  not  overlooked  its  application  lo  the  i 

and  impotiant  objecl  of  ascertaining  the  state  of  strain  and  pressure  on  the  ditlereni  parts  of  architectural  ftnie- 
tiires,  as  stone  bridg^es,  limber  framing,  &Ct#  by  the  use  of  gla»s  models  actually  put  together  as  the  builiiiii|s 
themselves.  We  must  recollect  always,  however,  that  the  information  thus  afforded  will  only  be  disiinci  wbeo 
the  load  intended  to  be  sustained  is  many  limes  the  weig-ht  of  the  materials. 

If  a  plate  of  glass  be  subjected  to  several  distinct  compressions  and  dilatations  in  different  directions,  Dr. 
Brewster  finds,  that  its  action  will  be  the  same  as  the  combined  action  of  sevej*al  plates  each  subjected  to  cue  of  tbc 
forces  employed.     Thus  a  square  of  glass  compressed  equally  on  all  its  four  edges  exerts  no  polarizin|«^  acttoiL 

If  a  pressure  be  applied  at  a  sing^le  point  of  a  mass  of  glass,  or  rather  at  two  oppoeite  points,  it  will  divefge 
from  Ihetse  points  in  all  directions  into  the  mass,  and  the  lines  of  equal  pressure,  which  are  in  fact  the  isocbr»- 
matic  lines,  must  have  their  tbrm  determined  in  some  measure  by  the  fig-ure  of  the  compressing'  screw  or  tool  al 
ita  point  of  contact  with  the  glass,  for  this  figure  regulates  the  form  and  curvature  of  the  indentation  immediftieU 
under  it,  Dr»  Brewster  has  figured  several  of  the  curves  produced  by  the  application  of  such  pressure  to  dif- 
ferent  parts  of  the  same  parallelepiped  of  glass,  for  which  the  reader  is  referred  to  his  Paper,  as  well  §s  hr  i 
variety  of  beautiful  figures  prodticed  by  crossing'  plates  differently  strained. 

M.  Biot  ha.^  observed,  that  in  some  instances  glass  maintaitied  in  a  state  of  vibrattoa  by  the  action  of  a  bow 
or  otherwise,  depolarizes  light,  t  e.  restores  the  vanished  pencil.  This  is  a  necessary  consequence  of  the  alter- 
nate compressions  and  dilatations  which  follow  each  other  in  rapid  succe^^sion  in  all  the  vibrating  molecules^ 
Nodal  tines  (see  Acoustics)  being  exempt  from  such  variations  of  density  ought  to  be  marked  by  black  bukds^ 
and  may  thus,  perhaps,  be  rendered  evident  to  the  eye. 

When  masses  of  jelly  (especially  of  isinglass)  are  pressed  between  plates  they  acquire  a  polarizing  action.  If 
dilated  by  proper  management,  and  in  that  state  allowed  to  dry  and  harden,  the  character  so  intpresiidL 
according  to  Dr.  Brewster,  is  permanent  when  the  dilating  force  in  removed  ;  toe?[plain  which,  we  raust  oonstdtr 
that  the  exterior  coats  indurate  more  rapidly  than  the  interior,  and  when  they  have  acquired  the  cm^ 
sistency  of  a  solid,  they  will  be  capable  of  resisting  the  subsequent  contraction  of  the  interior  portions  and  keep- 
ioig  them  in  a  dilatetl  state,  even  when  the  original  dilating  force  is  removed.  That  force  only  served  to  detef- 
mine  the  figure  and  dimensions  of  the  exterior  crust,  and  when  once  that  crust  is  fully  formed  and  indurated,  it 
becomes  capable  of  maintaining  them  without  the  further  aid  of  the  cause  which  gave  them  rise.  The  polart&ng 
power  of  isinglass  thus  developed  is  very  great,  and  even  exceeds  that  of  some  doubly  refractive  crystals,  sucb  u 
beryl ;  a  plate  of  isinglass  whose  thickness  is  624  polarizing  the  tint  which  would  be  reflected  by  a  plate  of  air 
whose  thickness  Is  unity,  while  a  plate  of  beryl  parallel  to  the  axis,  to  polarize  the  same  tint,  will  require  ^ 
thickness  ==720.  Glass  compressed,  or  dilated,  by  an  equal  force,  would  require  a  thickness  (according  to 
Dn  Brewster)  =  12580  to  produce  the  same  tint. 

We  come  now  to  consider  the  transient  effects  of  unequal  temperature  below  the  softening  point  of  glass. 
The  immediate  effect  of  an  increase  or  diminution  of  temperature  in  one  point  of  a  piece  of  glass,  is  to  produce 
a  mechanical  strain  on  all  the  surrounding  part,  which  if  the  difference  of  temperature  is  considerable^  is  of  the 
utmost  violence,  and  capable  of  breaking  asunder  the  thickest  pieces  of  glass ;  an  effect  with  which  every  one  is 
familiar.  Now,  as  we  know  that  strain  alone  deveiopea  a  polarizing  action,  the  rule  of  philosophy,  **  non  plum 
cansas  admiiii  dkbert^^*  6^c.  which  forbids  the  admission  of  a  second  cause  when  one  adequate  to  the  effiNl  b 
known  to  he  in  action,  will  hardly  justify  us  in  attributing  a  peculiar  action  to  tlie  caloric,  independent  of  it» 
power  of  altering  the  dimensions  of  matter. 

When  a  heated  iron  bar  is  applied  along  the  edge  of  a  parallelepiped  of  glass  held  tn  a  polarized  beaia, 
analyzed  as  usual,  the  vanished  image  is  restored  in  various  degrees  of  intensity  in  different  parts  of  the  glass. 
The  neutral  oxcm  are  parallel  and  perpendicular  to  the  heated  edge,  and  the  axes  in  whose  azimuth  the  tint 
polarized  i.**  the  strongest,  at  45°  of  inclination.  If  held  in  that  azimuth,  the  first  effect  of  the  heat  is  to  produce 
a  line,  or,  as  it  were,  a  wave  of  white  light  at  the  healed  edge,  which  advances  gradually  upon  the  glass,  driving 
before  it  a  dark  and  undefined  wave.  Nearly  at  the  same  instant,  and  hag  before  ike  siightest  incretMe  of  ttm^ 
pfruiurt  can  have  reached  the  further  tiiremfiy  of  the  £[!ass  plate,  a  similar  but  fainter  white  wave  advances  ftoni 
the  edg^  opposite  to  the  heated  one,  driving  before  it  a  similar  undefined  dark  wave;  and  at  no  perceptible 
interval  of  time  another  white  fringe  appears  in  a  very  diluted  state  about  the  centre  of  the  plate,  advancing 
equally  towards  the  heated  edge  on  one  side  and  that  most  remote  on  the  other,  and  thus  condensing  the  two 
undefined  dark  waves  into  two  black  fringes.  The  white  tints  are  succeeded  by  tints  of  a  lower  order  in  the 
scale  of  colour,  yellow,  red,  purple,  blue,  &c.,  till  at  length  the  whole  scale  of  the  colours  of  thin  plates  is  seen 
arranged  in  four  sets  *»f  fringes  parallel  to  the  heated  edge,  and  having  for  their  origins  the  black  fringes  above 
mentioned.  At  the  same  time,  other  lateral  fringes  are  produced  along  the  edge  perpendicular  to  the  heated  one. 
Thus  in  all  six  sets  are  seen  ;  two  fj^mor,  viz.  those  parallel  to  the  heated  edge,  and  ouUide  of  the  black  fring**; 
two  mterior,  in  the  same  direction,  but  between  the  black  fringes;  and  two  terminal  along  the  lateral  e<L'«. 
The  whole  phenomena  is  as  represented  in  fig.  213.  The  fringes  along  the  heated  edge  AB  are  most  distinct 
and  numcrousi  those  along  the  opposite,  CD,  less  so,  and  the  interior  and  tertninal  fringes  least  of  all. 

As  glass  is  an  extremely  bad  conductor  of  lieat,  and  as  culinary  heat  is  propagated  through  glass  eniirtltf  by 
contluctiou,  it  follows,  that  tlie  sudden  application  of  an  elevated  temperature  to  flie  edge  AB  must  produce* 
dilatation  in  it,  not  participated  in  by  the  rest  of  the  glass.  If,  therefore,  the  stratum  of  molecules  A  B  were 
detaehi^rl  from  the  rest  of  the  glass,  it  would  elongate  itself  so  as  to  project  at  its  two  ends  beyond  the  edges 
A  C,  D  B,  When  the  heat  of  this  stratum  communicated  itself  to  the  next,  that  also  would  elongate  itself,  bm 
in  a  less  degree;  and  thus  after  a  very  long  time,  during  which  the  heat  had  penetrated  to  the  farther  extremity 
of  the  glass,  its  outline  would  assume  the  form  a  C  D  6,  the  lines  a  C,  6  D  being  certain  curves  depending  on 
the  law  of  propagation  and  the  time  elapsed.     This  would  be  the  state  of  things  were  the  glass  plate  compoM^ 
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of  dhcrete  strata,  each  of  which  could  dilate  independently  of  all  the  rest.  And  since  in  each  of  these  (reg-arded  P^n  W. 
■^  as  infinitely  thin)  the  temperature  and  strain  would  be  uniform,  there  would  arise  no  polariising'  action.  But,  in  '^^^■v^*- 
reality,  the  case  is  qnite  ditferent ;  every  stratum  is  indissolubly  connected  alongf  its  whole  extent  with  the  strata 
adjacent,  and  can  neither  expand  nor  contract  without  forcing  them  to  participate  in  its  change  of  dimension. 
In  so  far»  then»  as  two  adjacent  strata  participate  in  the  chaupje  of  temperature  they  expand  together;  but  when 
one  is  hotter  than  the  other^  the  former  is  found  to  expand  less^  and  the  other  more  than  if  they  were  inde- 
pendent Now  the  strain  thus  induced  on  any  stratum  is  not,  like  the  caloric  which  causes  it,  confined  by  the 
conducting  power  of  the  medium,  but  propagates  iijieli^ imtanUjf  (with  diminished  energy)  to  the  strata  beyond, 
by  reason  of  the  mutual  action  of  the  molecules. 

The  general  problem,  then,  to  investigate  the  actual  state  of  strain  of  any  molecule  at  any  moment  is  one  ot 
some  complexity,  inasmuch  as  it  depends  at  once  on  the  laws  of  the  slow  propagation  of  heat,  and  the  instan- 
taneous but  variable  participation  of  change  of  figure  necessary  to  establish  among  the  particles  a  momentary 
equiliTDrium  under  the  circumstances  of  temperature  at  the  time  ;  but,  without  attempting  minutely  to  analyze  K 
the  effects,  if  we  content  ourselves  with  acquiring  a  general  idea  how  they  arise,  we  shall  find  little  difficulty.  ,([_ 
For  in  fig.  214,  if  we  conceive  the  stratum  ABha  adjacent  to  the  border  A  B  to  be  dilated  by  the  heat,  the  rest  deiermined 
of  the  glass  retaining  its  original  temperature  ;  if  this  stnitum  could  expand  separately,  its  edges  A  at,  B  h  would  ^"^0*  21 1. 
project  out  beyond  the  general  edges  Ca,  D  ^;  and  if  we  regard  two  terminal  strata  G  AEG,  DBF  11,  as 
detached  from  the  interior  portion  C  D^  o,  and  free  to  move  by  the  force  applied  at  their  extremities  A»  B>  they 
would  be  raised  by  the  dilatation  of  Ihe  portion  A  B  &  a  into  the  situation  represented  in  the  figure,  turning 
round  C,  D  as  ftilemms,  and  leaving  triangular  intervals  C  aa^  1}  hft  vacant,  and  in  these  eircumstances  there 
^ould  be  no  strain  on  any  part  of  the  system.  But  the  cohesion  of  the  glass  prevents  the  Ibrmation  of  these 
vacancies,  and  the  bars  or  levers  C  AEG,  D  B  F  H  cannot  move  into  this  situation  without  dragging  with  them, 
and  therefore  distending  the  strata  of  C  D  ^«.  Let  PQ  be  any  such  stratum,  and  let  it  be  distended  to  pq. 
Then  by  its  elasticity  it  will  tend  to  draw  the  bars  C  A  E  G  and  B  D  H  F  together ;  and  its  action  will  therefore 
tend,  first,  to  produce  a  pressure  on  the  fulcrums  C,  D,  urging  the  points  C  D  together,  and  therefore  bringing 
the  stratum  C  D  into  a  state  of  compression.  Secondly,  to  produce  also  a  pressure  on  A  cr,  B  6,  or  a  rtsislance 
lothe  dilatation  of  AB  Afl,  which  its  increased  temperature  would  naturally  prodnce.  It  will  therefore  tend  to 
compress  hack  the  strata  of  A  B  6a  into  a  smaller  length  than  what  would  be  natural  to  them  in  their  heated 
fitate,  I.  f.  to  bring  them  also  into  a  relatively  compressed  state.  Thirdly,  the  tension  of  pq  being  sustained  at 
C,  D  and  A,  B,  will  tend  to  bend  inwards  the  levers  A  C  G  E,  B  D  H  F,  rendering  them  concave  at  the  edges 
G  E,  H  F,  and  convex  at  CA,  D  B,  and  thus  distending  the  lines  CA,  DB,  and  compressing  the  strata 
•djacent  to  E  G,  H  F. 

From  this  reasoning  it  is  clear,  that  the  glass,  in  consequence  of  these  various  strains,  will  assume  a  figure      1099. 
concave  on  all  its  edges,  but  chiefly  so  at  the  la^ral  ones  AC,  D  B,  as  in  fig  215 ;  and  that  the  state  of  strain  PraJuctioa 
€>f  its  various  parts  will  be  as  there  expressed,  all  the  edges  being  compressed,  but  principally  AB  and  C  D,  and  ^^  fn«|«  of 
the  interior  distended.     The  limit  between  the  distended  and  compressed  porticius  parallel  to  A  B  must  neces-  ^^^^*^„ 
sarily  be  marked  by  neutral  lines  ah,  cd  on  either  side  of  which  the  *^train  will  increase,  being  a  maximum  in  f  j,,  2i3. 
the  middle  and  on  or  near  the  edges.     Consequently,  it  ought  to  polarize  four  sets  of  fringes,  having  ab,  cd 
for  their  origins,  and  of  which  the  two  external  (or  those  between  these  lines  to  the  edge)  ought   to  have  a 
character  opposite  to  those  of  the  internal,  the  portion  of  the  intromitted  pencil  polarized  parallel  to  A  B  being 
propagated  faster  than  that  parallel  to  AC  in   the  one   case,   and  slower  in  the  other*     This  opposition  of 
characteis  is  conformable  to  Dr.  Brewster's  obt>tervations,  who   states  (PhiL  Tram,  1816)  that  the  parts  of  ttie 
glass  which  exhibit  the  two  exterior  sets  of  fringes  (adjacent  to  the  edges  A  B,  C  D)  have  **  the  structure  of" 
attractive  crystals,  while  the  parts  which  exhibit  the  interior  and   terminal  sets  have  that  of  repulsive  one*^ ; 
meaning,  of  course,  in  the  1  mguage  of  the  undulatory  doctrine,  that  the  order  of  velocities  of  the  doubly 
refracted  pencils  is  reversed  in  passing  fi-oni  one  region  of  the  glass  to  the  other,  for  of  its  actual  structure  we 
cat!  know  nothing.     That  the  termiu'il  fringes  ought  (as  observed)  to  have  the  same  character  as  the  interior  is  Th«  termi- 
a  necessary  consequence  of  the  above  reasoning,  for  the  terminal  regions  D  B,  AC  are  compressed  in  directions  ^^  f™g«. 
paraiid  to  their  edges,  and  therefore  perpendicular  to  the  direction  in  which  the  central  portion  is  distended ; 
and   we  hare  already  seen  that  compression  in  one  direction  is  equivalent  (so  far  as  the  character  of  the  tints 
produced  is  concerned)  to  distension  in  that  perpendicular  to  it. 

Lastly,  the  black  lines  separating  the  terminal  fringes  from  the  interior  ones,  arise  fi^om  the  combined  action      1100. 
of  the  tension  of  the  interior  region  parallel   to  A  B  (fig.  214)  exerting  itself  on  any  point  as  q  on  the  inner  Neutral 
border  of  the  terminal  portion  DB  F  H,  (which  we  have  regarded  as  an  elastic  bar, or  lever,)  and  the  distension  linMsepa- 
of  the  line  D  B  also  exerting  itself  at  g,  and  arising  from  the  convexity  given  to  this  line.     In  virtue  of  these  ™^"&  **^J* 
two  forces,  every  point  9  in  a  certain  line  at  a  proper  distance  from  the  extreme  t^-dge  H  F,  will   be  equally  ^5^2*!**' 
distended  in  opposite  directions,  and  will  therefore   be  in  a   neutral  state,  as  to  [lolarization,  and,  of  course, 
appear  black.     The  terminal  fringes  are  less  developed  than  the  rest,  because  they  arise  simply  fi-om  the  llexure 
of  the  edges  H  F,  GE,  which  is  an  indirect  effect  of  the  principal  force,  and  is  very  small,  (owing  to  the  small 
dilatability  of  glass  by  heat,  and  consequent  minuteness  of  the  versed  sine  of  the  curve  into  which   they  are 
distorted,)  and  the  line  of  indifference  separating  them  from  the  others  lies  near  the  edges;   for  the  same  reason, 
the  tension  of  the  convex   line  D  B  being  small,  and  therefore  putting  itself  in  equilibrium  with  that  of  the 
distended  column  p  q  at  a  point  9  near  its  extremity,  where  it  is  evident  that  the   strain  parallel  io  p  q  must  be 
jnuch  diminished  ;  the  greater  portion  of  the  whole  tension  of  jo  q  being  resisted  by  the  spring  of  lamina*  situated 
still  further  from  the  edge  than  DB, 

It  a  lamina  of  glass,  unifiirmly  heated,  be  suddenly  cooled  at  one  of  its  edges,  the  reverse  of  all  these  effects 
will  arise;    the  outer  column  ABab  (fig.  214)  will  suddenly  contract  and  compiess  violently  the  columns 
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beyond  a  ^,  from  which  tio  heat  has  yet  be^n  abstractedj  and  drag  inwards  tlie  endi;  of  Uie  terraiiml  leveti  p 
E  AG  C,  B  F  Jl  D.  which  will  thus  be  violently  pressed  on  the  partH  /JQ  and  aP  as  fiilcra;  and  their  actiaQ^ 
being  thus  tmnsmittetl  to  the  opposite  edg-e  C  D  will  tentl  tti  lengthen  il,  and  thus  brin£|^  it,  as  well  as  the 
A  B,  into  a  distended  state.  The  terminal  edges  will  also  be  sprung  outwards.  The  straio  on  every 
will  be  exactly  the  reverse  of  what  is  expressed  in  fig.  215^  and  a  corresponding  inversion  of  the  chamci 
of  the  tints  will  takt;  place  ;   all  which  h  agreeable  to  Dr.  Brewster*i»  observation,  (Prop.  14  of  the  Memoir  cii 

When  a  craclt  lakes  place  in  a  piece  of  unequally  heated  glass,  the  directions  and  iatensitJes  of  the  strwj 
forces  in   every  part,  wliich  depend  wholly  on  the  cohesion  of  its  molecules,  and  the  continuity  of  the 
springs,  &c,  into  which  it  may  be  mentally  conceived  to  be  divided,  is   suddenly  altered  ;    and   the  fringes 
accordingly  observed  to  take  instantly  a  new  arrangement,  and  assume  forms  related  to  the  figure  of  that 
of  the  glass  which  preserves  its  continuity.     To  analyze   the  modifications   arising  from  variatioas  of  extei 
figure  and  diflerent  applications  of  the  heat,  would  be  to  involve  ourselves  unnecessarily  in  a  wilderDess  of 
plexity.     One  simple  case  may,  however,  be  noticed,  in  which  the  centre  of  a  circular  piece  of  glass  is 
Each  exterior  annulus  of  this  will  be  placed   in  a  slate  of  distension  parallel  to  Hs  circninferenoc* 
compress  all  within  it  by  a  force  parallel  to  the  radius.     The  central  point  will  be  neutral,  being  equally  ci 
in   all   directions,  and  the   annnli  adjacent  to  the  centre  will  in  like  manner  be  compressed  both  radiallj  and 
circumferentially.     The  radial  strain  continues  as  we  recede  from  the  centre,  but  the  circumferential  diminishe% 
and  at  length,  as  already  said,  changes  to  a  state  of  distension,  and  of  course  passes  through  a  neutral  stattf, 
thus  giving  rise  to  a  black  circle  and  concenlric  fring^es  of  opposite  characters,  the  whole  of  which  will  be  inter- 
sected by  the  arms  of  a  black  cross  parallel  iind  perpendicular  to  the  plane  of  primitive  polarization,  and  whid 
of  course  remains  fixed  while  the  plate  is  turned  round  in  its  own  plane. 

There  is  only  one  experiment  of  Dr.  Brewster  which  seems  hostile  to  the  theory  here  stated.  He  made  4 
partial  crack  with  a  red  -  hot  iron  in  a  very  thick  piece  of  glass,  and  allowed  it  to  close  by  long  standing,  wbitfc 
it  did,  so  as  to  disappear  entirely.  In  this  state,  the  glass,  when  unequally  healed,  exhibited  the  same  fringe^ 
as  if  no  crack  had  existed  ;  but  the  moment  the  crack  was  opened  by  a  slight  heat  applied  near  it,  they  suddenSj 
changed  their  figure,  and  assumed  that  due  to  the  portion  having  the  crack  for  a  part  of  its  outline.  It  seeuB, 
however,  that  a  very  great  adhesive  force  takes  place  betw  een  the  surfaces  of  glass  when  thus  in  optical  contact;  | 
and  to  those  who  are  aware  how  the  free  expansion  and  contraction  of  dissimilar  metallic  bars  may  be  codi' 
manded,  and  the  bars  in  consequence  made  to  ply  on  change  of  temperature  by  mere  forcible  jux^tapositio9» 
without  soldering,  till  the  ditlerence  of  expansion  has  reached  a  certain  point,  when  tliey  give  way  with  •  EDip 
and  regain  their  state  of  equilibrium,  the  anomaly  will  not  appear  in  the  light  of  a  radical  objection,  (^r 
think  a  not  improbabk  that  the  musical  aotaidM  said  to  mnt;  at  sunrise  from  etrtmn  statues,  may  ori^iiiale  in  torn 
fyrometrical  action  of  t/i^  kind  here  alkided  to.  fFe  have  often  been  amused  by  a  similar  effect  produced  in  tk 
bars  of  the  grate  of  a  fire-place.} 

Such  are,  in  general,  the  transient  effects  of  a  heat  below  the  softening  point  of  glass,  unequally  distribawd 
through  its  substance.  But  if  a  mass  of  glass  be  heated  up  to,  or  beyond  that  point,  so  as  to  allow  its  mole- 
cules to  glide  with  more  or  less  freedom  on  one  another,  and  adapt  themselves  to  any  form  impressed  ou  tlie 
mass,  and  then  suddenly  cooled,  either  by  plunging  into  water,  or  by  exposure  to  cold  air,  the  heat  is  abstracted 
from  its  external  strata  with  so  much  greater  rapidity  than  it  can  be  supplied  by  conduction  from  within,  that 
they  become  rigid,  while  the  inner  portions  are  still  soft  and  yielding.  At  this  instant,  there  is  therefore  no  stma 
in  any  part  ;  hut,  the  abstraction  of  the  heat  still  going  on,  the  internal  parts  at  length  become  solid,  andtcoi 
of  course,  to  contract  in  their  dimensions.  In  this,  however,  they  are  prevented  by  the  external  crust  already 
fonned,  which  acts  as  an  arch  or  vault,  and  keeps  them  distended,  at  the  same  time  that  these  latter  portions 
themselves  are  to  a  certain  extent  forced  to  obey  the  inward  tension,  and  are  strained  inwards  from  their  figort 
of  equilibrium.  Glass  in  this  state  is  said  to  be  unannealed.  If  the  cooling  has  been  sudden,  and  the  mis 
considerable,  it  either  splits  in  the  act  of  cooling,  or  flies  to  pieces,  when  cold,  spontaneously,  or  on  the  slightest 
scratch  which  destroys  the  continuity  of  its  surface;  and  the  |>ieces  when  put  together  again  (whiclt,  however, 
is  seldom  practicable,  as  it  usually  flies  into  innumerable  fragments,  or  even  to  po^vder^  as  is  familiarly  showa 
in  the  glass  tears  called  Rupert^s  drops,  whidi  exhibit  a  very  high  polarizing  energy  from  their  intense  strain, 
and  which  hurst  with  a  violence  amounting  to  explosion,  on  the  rupture  of  their  long  slender  tails)  are  found  aol 
to  fit,  but  to  leave  a  slight  vacancy;  thus  satisfactorily  proving  the  state  of  unnatural  and  violent  distensioa  ia 
which  its  internal  parts  have  been  held.  The  case  is  precisely  analogous  to  that  of  a  gelatinous  substance 
allowed  to  indurate  under  the  influence  of  dilating  forces*     (See  Art.  1094.) 

If  the  cooling  he  h.^ss  sudden,  and  carefully  managed,  the  glass,  though  much  more  brittle  tlian  ordioary 
aimealed  glass,  is  yet  susceptible  (with  great  caution)  of  being  cut  and  polished  ;  and  in  (his  slate,  if  polartsid 
light  be  passed  through  it,  it  exhibits  coloured  phenomena  of  astonishing  variety  and  splendour,  forming  fHofcs« 
irisest  and  patterns  of  exquisite  regularity  and  richness,  according  to  the  form  and  size  of  the  mass,  and  the 
degree  of  strain  to  which  it  is  subjected.  In  all  these  cases  if  the  external  form  be  varied,  the  pattern  varies  cor- 
respondingly, as  it  is  easy  to  perceive  it  ought ;  for  if  any  part  of  die  exterior  cmst  be  removed,  that  part  of  the 
strain  which  it  sustained  will  fall  on  the  remainder,  and  on  the  new  surface  produced.  Figures  216,  217,  and 
218,  represent  the  patterns  exhibited  by  a  circular,  a  square,  and  a  rectangular  plate  of  about  J  inch  thick* 
the  two  latter  being  placed  so  as  to  have  one  side  parallel  to  the  plane  of  primitive  polarization-  Figure  219 
an<I  220  represent  the  patterns  shown  by  the  two  latter  in  azimuth  4&°,  and  fig.  221  that  arising  fiom  the 
crossing  of  two  plates  equal  and  simdar  to  fig.  220,  each  being  in  azimuth  Ab'^.  in  all  these  cases  the  lAwsof 
superposition  of  Art.  1089  are  observed,  when  similar  points  of  similar  plates  are  laid  together.  If  symme- 
trically, the  tints  polarized  is  the  aame  as  would  be  polarized  by  one  plate  whose  thickness  is  their  stups  if 
crosswise,  their  difference. 
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starting  tip  and  separating'  itself  from  the  restt  till,  m  a  few  moments,  tJie  whole  is  resolved  into  a  heap  of   ft 
incoherent  powder,  a  result  which  could  evidently  not  take  place,  had  all  the  minute  and  interlaced  crystals  of  *« 
which  the  congealed  salt  consisted  contracted   equally  in  all  directions  by  the  cooling  process,  as   in  thai  case 
their  juxtaposition  would  not  be  disturbed,     Plienoniena  somewhat  similar,  and  referable  to  the  same  principles, 
have  (if  we  remember  right)  been  encountered  by  M.  Achard  in  the  fusion  of  various  frits  for  glasses*  &c. 

The  relation  of  the  optical  and  crystal lographical  characters  of  bodies  is  so  intimate,  that  no  change  can  be 
supposed  to  take  place  in  the  latter  without  a  corresponding  alteration  in  the  former.  As  the  rhomboid  of  Ice- 
land spar  becomes  less  obtuse  by  heat,  and  therefore  approximates  nearer  to  the  cube,  in  which  the  double 
refraction  is  nothing,  it  might  be  expected  that  the  power  of  double  refraction  should  diminish,  and  this  rusi 
has  been  verified  by  M*  Mitscherhch  by  direct  measurement.  More  recently,  the  same  distinguished  cherni 
and  philosopher  has  ascertained  the  still  more  remarkable  and  striking  fact,  that  the  ordinary  sulphate  o(  li 
or  gypsum,  which,  at  common  temperatures,  has  two  optic  axes  in  the  plane  of  its  laminae,  inclined  at  60'  ta 
each  other,  undergoes  a  much  greater  change  by  elevation  of  temperature  ;  the  aies  gradually  approaching  eadl 
other,  collapsing  into  one,  and  (when  yet  further  heated)  actually  opening  out  again  in  a  plane  at  right  an^ 
to  the  laminae,  thus  affording  a  beautiful  exemplification  of  Fresnel's  theory  of  the  optic  axes  as  above 
explained^ 

This  singular  result  we  cite  from  memory,  having  in  vain  searched  for  the  original  source  of  our  informatioii ; 
but  it  might  have  been  expected,  from  the  low  temperature  at  which  the  chemical  constitution  of  this  crystal  b 
subverted,  by  the  disengagement  of  its  water,  that  the  changes  in  its  optical  relations  by  heat  would  Ije  roach 
more  striking  than  in  more  indestructible  bodies.  We  have  not,  at  this  moment,  an  opportunity  of  fully  veniy- 
ing  the  fact ;  but  we  obsen^e,  that  the  tints  developed  by  a  plate  of  sulphate  of  lime  now  before  us,  exposed  a* 
usual  to  polarized  light,  rise  rapidly  in  the  scale  when  the  plate  is  moderately  warmed  by  the  heat  of  a  Ctndlf 
held  at  some  distance  below  it,  and  sink  again  when  the  heat  is  withdrawn,  which,  so  far  as  it  gx>es,  is  in  con- 
formity with  the  result  above  stated.  Mica,  on  the  contrary,  similarly  treated,  undergoes  no  apparent  chancf 
in  the  position  of  its  axes  or  tlie  size  of  its  rings,  though  heated  nearly  to  ignition.  The  subject  is  in  the 
highest  degree  interesting  and  important,  and  lays  open  a  new  and  most  extensive  field  for  optical  investigs- 
tion.  It  is  in  excellent  hands,  and  we  doubt  not  will,  ere  long^  form  a  conspicuous  feature  in  the  spleodii 
series  of  crystal  lographical  discovery  which  has  already  so  preeminently  distinguished  its  author 

§  XIII,     Ofikt  Use  of  Properties  of  Light  in  affording  Characters  for  ddermining  and  idmHJying  Chmkd 
and  Mineral  Spedei^  and  for  investigatiTi^  the  intimate  Comtiiution  and  Structure  of  Natural  B*}die$. 

Newton,  who  **  looked  all  nature  through,"  was  the  first  to  observe  a  connection  between  the  refractive  powers 
of  transparent  media  and  their  chemical  properties.     His  well  known  conjecture  of  the  inflammable  nature  of 
the  diamond,  from  its  high  refractive  power,  so  remarkably  verified  by  the  subsequent  discovery  of  iU  one  and  h 
only  chemical  constituent,  (carbon^}  was,  perhaps,  less  remarkable  for  its  boldness,  at  a  period  when  Chemistrj  ■ 
consisted  in  a  mere  jargon,  in  which  satt^  milphur,  earth,  oil^  and  mercttry  might  be  almost  indiflTerenltv  sutsti-  ™ 
tuted  for  one  another,  than  it  would  have  been  fifty  years  later.     His  divination  of  the  inflammable  nature  of 
one  of  the  constituents  of  water  is  at  least  equally  striking  as  an  instance  of  sagacity,  and  even  more  remark- 
able, for  the  important  influence  which  its  verification  has  exercised  over  the  whole  science  of  Chemistry.    TTiese 
instances  suffice  to  show  the  value  of  the  refractive  index,  either  taken  in  conjunction  with  the  specific  grtvi^ 
of  a  medium,  or  separately  as  a  physical   character.      The  refractive  indices  of  a  vast  variety  of  bodies  hift 
been  ascertained  by  the  labours  of  Newton  and  later  expenmenters,  among  w^hora  jyr,  Brewster  and  Dr.  Wol- 
laston  have  been  the  largest  contributors  to  our  knowledge.     They  may  be  grouped  together  in  a  general  way, 
in  order  of  magnitude,  as  follows  i 

Clan  1.  Gases  and  vapours.  Refractive  index  from  1.000  to  1,002^  under  ordinary  circumstances  of  pressure 
and  temperature. 

Class  2,  jw  =  L05  . ,  . .  ft  ^.  1,45.  Comprising  the  condensed  gases;  ethereal,  spirituous,  and  aqueoui 
liquids  ;  acid,  alkaline,  and  saline  solutions,  (not  metallic) 

Class  S,  Comprising,  first,  almost  all  unctuous,  fatty,  waxy,  gummy,  and  resinous  bodies;  camphors;,  balsaiDS, 
vegetable  and  animal  inflammables,  and  all  the  varieties  of  hydro-carbon.  Secondly,  stones  and  vitreous  cook 
pounds,  in  which  the  alkalis  and  lighter  alkaline  earths  in  combination  with  silica,  alumina,  &c,  are  the  predo- 
minant ingredients.  Thirdly,  saline  bodies  not  having  the  heavy  metals,  or  the  metallic  acids  predominaat 
ingredients.  /*  —  1.40. .... ,  1.60. 

Class  4.  Pastes,  (glasses  with  much  lead,)  antl,  in  general,  compounds  in  which  lead,  silver,  mercury,  and  the 
heavy  metals,  or  their  oxides  abound.  Precious  stones,  iimple  combustibles  in  the  solid  state,  ineludiiig  the 
metals  themselves. 

^  ^  1 .60  and  upwards. 

These  classes,  however*  admit  of  so  many  exceptions  and  anomalies,  and  are  themselves  so  vague  and  indefinite, 
that  we  shall  not  attempt  to  distribute  the  observed  indices  under  any  of  them,  but  rather  prefer,  for  conve- 
nience of  reference,  presenting  the  whole  list  in  the  form  of  a  Table,  arranged  in  order  of  magnitude,  in  ' 
all  these  classes  are  mingled  india^ximinately — a  form,  in  some  measure,  consecrated  by  usage. 


I 


LIGHT. 


TaUe  ofnefradive  Indices,  or  Values  of  /i  for  Ra^x  of  Mean  Hefranphiiity,  (unleJis  expressed  to  the  contrary.) 
Br,  fFidkLston's  randis,  however,  are  all  (accordiiiE^  to  Dr.  Yotatg,  Phikmphicui  Tramavliom,  vol.  xcii. 
p.  37t)»)  to  he  regarded  as  belonging  to  the  EHrenie  Red  Rays, 


N.  B,   Id  (hit  T&ble  the  authorities  are  rcrerred  to  as  follows  : 


Br.  Br«w»ter»  Emeuciop.  Ed  .ftadTrentiieon  New  Pkit6$&phhai  lAttrumentt. 

B.  y.  Dr.  Younx**  Calculntiona  of  Dr.  Brewster's  UDreduoml  ObMrvntiona.    Qitartctty 
Bl.  Biot.  P.  Fartd*y.  Oo-  Dnionj.  *L  M»Iu*.  N.  Niswton, 
W.   WoUiutoo,  i*A*f.  rrftHf.                    H*,  From  our  own  obserration. 

C.  lAd  H.,  iiuthorities  cit«d  by  Dr.  YottHf  in  his  Zecfvrrf. 


Bo«.  Boveovicfa. 

JoMtuni^  vol.  xxii. 

Fr.  FrftDAtiofer 

£uL  Eukr  the  jouDger, 


LOOOOOO 


GASES, 

at  the  frceiiou  tcmpentureaod  preasure  :^29*»^22  ^  0".76 

Hydrogen 1.00013B  Du. 

Aiote' XmB^m  Du. 

Nitrousgas,., "-^^^^i  P^' 

CarbomcOAide 1<>00340  Dm. 

Ammonia 1-000385  D«. 

Carburetted  hydrogpQ 1 .000443  Du. 

Carbonic  acid\.-..., V000449  Du, 

lluriadcadd .---  IMJl^A^  Du. 

Hydrocyaflic  acid L0004al  Du. 

Nitrons'uxide ;.. 1.0W503  Du. 

Sulphuretted  hydrogen .-  li>00f»44  Du. 

Sulphuroua  acii L00O665  Du. 

oiXtitgaa i.oooere  Du. 

Chlorine --- 1,000772  Du. 

Protophosphurclled  hydrogen 1.000789  Du. 

Hiiriatic  ether ....- 1.001095  D^i. 

Phofgeu '^^  1,001159  Du. 

Vapour  of  sulphuret  of  carhou • .  •  1 .001500  D^i. 

Vapour  of   sulphuric  ether  (boiling  pint   at 

35-ceMig.).,.... ....^. 1001530  D., 


LIQUIDS  AND  SOLIDS. 

^Wb^r  eipauded  by  heat  to  three  times  iU  volume 
'^t^aiheer  from  Vellore,  i  yellowish  transparent 

^  variety  , ...♦►.,.....•..-..... 

^^'^X  new  fluid   discovered  by   Dr.  Brewster  iti 

fc,  cavities  in  lopai  . 

^Jl^^^msheer,  transpurent,  froBi  Nagpore    ,.,-...* 
■^  t^t^  ditto         ditto       another  sped  me  ti 

2*  *^t^,  whitest  variety,  from  Nagpore 

^^%f   fluid  discovered  by  Dr.  Brewiter  in  ame- 

thysl,  at  ^°  Fahr.  _ * .  - 

^*«ond  new  fluid  discovered  by  Dr.  Brewiter  in 
topaz,  at  83*^  Fahr. 

Hitrous  oxide  liquefied  by  pressure { 

Vunatic  acid  gas    ditto  ditto  \     ^^^^^ 
Cvbonic  acid  gas  ditto  dliUi  V  " 


L0570 


Br. 


1.1111     Br. 


1.1311 
M454 

1.1503 
1.1825 


Br, 
Br. 
Br. 
Br, 


1.2I0G    Br, 


trly  equal. .  | 


fee, 


Chlorine  liquefied  by  pressnre 

Cyanogan  liquefied  by  pressure. .  ,.•,  < 

Ditto  ditto  

Sulphurous  add  liquefied  by  pressttre  * 


Water 


Snlpbufitted  hydrogen  liquefied  by  pressure 


iUKsaanvk  lique^ed  by  pressure. 


Aqtieotts  bamour  of  the  eye. . .  • 1.33$6 

Ditto  of  die  haddock     »....  1.341 

Vttr«ous        ditto 1^36 

VOL.  IV. 


Br. 

B.V 

W. 


Vitreous  humour  of  the  haddock 1 ,3394 

Ditto 1.340 

Ditto  of  the  lamb     .....•••..••.,  L345 

Ditto  of  the  pigeon 1.353 

Saliva 1.339 

Expectorated  raucus , ,  1,339 

Salt  water  (  !  sea  water) , ,   ...  1.343 

CrrolH.    {1:^1*} 

Vinegar  (distilled) 1.344 

Ditto 1.372 

Vinegar L347 

Acetic  acid(?  strength) 1.396 

Jdlyfish  (Meduia  i£quora}    1.345 

White  of  egg    ..,.., , 1.351 

Port  wine - 1.351 

Human  blood    L354 

Saturated  aqueous  solution  of  alum 1.356 

Oil  of  box-wood 1 .35^6 

i^'-" \\lu 

Albumen L360 

White  of  a  ben's  egg |{  g^g 

Brandy . . . * 1 .360 

Rum , 1.360 

Oil  of  ambergrla |JJ^® 

Alcohol..  ••,.,... ,.  137 

Ditto  (S.  Q.  0.866) 1.370 

Ditto. 1.371 

Ditto  {rectified  spirits) IJ72 

Ditto     * U74 

Ditto L377 

Saturated  solution  of  salt 075 

Muriatic  acid  (  ?  S.  0.) 1J376 

Ditto  (S.  0. 1.134) 1.392 

Ditto 1 .395 

Ditto  (strong) 1.401 

Ditto  (highly  concentrated) L409B 

Oil  of  wine 1.379 

Sweet  spirit  of  nil  re    ..., 1.384 

Corneaof  aUmb,.*,.  ..........•.,.«..*.  •«  1.386 

Malic  acid 1.395 

Pus 1 396 

Nitrous  (  f  )  acid  (  ?  alrength) |  [J^J 

Nitric  acid  f  ?  strength) , 1 .406 

Crystalline  lens  of  the  eye  (human  ?)  outer  coat  L3767 

Ditto  ditto  middle  coat  1.3786 

Ditto  ditto  centre....  13990 

Ditto  of  the  lamb's  eye,  outer  coat. ....... 1386 

Ditto  ditto  middle  coat  •  * 1 .428 

Ditto  ditto  centre   ......  •«•..«•  1.436 

Ditto  of  the  haddock*:;  eyej  outer  coat. ...«,••«,  1,4 10 

Ditto  ditto  middle  coat 

Ditto  ditto  centre 1.439 

Dittoof  the  ox    {1447} 

Ditto      ditto 1.463 

Ditto  of  the  pigeon L406 

Juice  of  orange  peel •*......*•..  L403 

Solution  of  potash,  S.  G.  1.416^  (ray  E)    1.40563 

Nitric  add  (S.  G.  1.48) I  J'J} J 

Nitric  add 1.412 

Hydrate  of  soda  melted  by  heat 1.41 1 

Hydrophosphoric  acid     ditto 1 ,423 

Phosphoric  acid  (flaid) L426 

4.£ 


Br. 

B.Y. 

B.Y, 

B.Y. 

B.Y. 

B.Y. 

Br. 

Br. 

EuL 

H. 

B.V 

Br. 

Br 

£iil. 

B.V. 

BY. 

He, 

B,V. 

W. 

BY. 

W, 

Br. 

BY. 

B.Y. 

B.Y. 

Br. 

B.Y, 

W, 

N. 

C. 

He. 

Br. 

B,Y. 

C, 

Br. 

He. 

BY. 

Br. 

Bi. 

B.Y. 

He. 

B.Y. 

Br. 

BY. 

Br. 

b.y: 

Br. 

Br. 

Br. 

Br. 

BY. 

B.Y. 

B.Y. 

B.Y. 

B.Y. 

W. 

EuL 

B,Y, 

B.Y. 

Fr. 

B.Y, 

W. 

C. 

B.Y. 

B.Y. 

Br 


S70 


L  I  G  H  T. 


Lig^L 


Gluten  of  wheit,  Jried    1426  B.Y. 

F^yoIkoftBegg  MM  B.Y. 

Sulphuric  acid  (S.G.  1.7)   1^29  N. 

Ditto      ditto    (?S.G.)    1-430  He. 

Ditto : 1.436  W. 

Ditto 1-440  Br. 

/ 1.433  W. 

Flnorsptr    \i.436  Br. 

/^•433  Br. 

Oilof  rhue |i.449  B.Y. 

Phoephorouswrid J.437  B.Y. 

Hydrophoiphoric  acid,  cold    "[  1.442  Br. 

SpermaceU  (melted) ^1454  b.Y. 

Oilofwax  1^2  C. 

Oil  of  wormwood .» ••• 1-453  Br. 

Bees  wax,  melted 1.463  B.Y. 

Oil  of  chamomile 1457  Br. 

Ditto     ..   1.476  B.Y. 

Oil  of  Uvender 1457  Br. 

Ditto     1.467  W. 

Ditto     1-475  B.Y. 

Alum 1.457  W. 

Ditto  (S.  G.  1.714) 1.468  N. 

Ditto 1.488  B.Y. 

Tallow  (melted)  1460  W. 

White  wax  (melted)    1462  B.Y. 

^,    r  / 1-467  Br. 

OUof  poppy   J1483  gy. 

Sulphite  of  maffnesia  (double  ?  least  refraction). .     1 .466  Br. 

*^  ri.467  N. 

Borax,  (S.G.=  1.714)  <  1.467  C. 

'^  1 1.475  Br. 

Oil  of  peppermmt  I1473  g  y. 

^.,    ^  n.469  Br. 

OU  of  rosemary^  . . . • \IA72  B.Y 

^.,    .  .  f  1.470  Br.  ' 

Oil  of  ^rmaceti   1 1.473  B.  Y. 

Oilefalmonds {l.47o}  ^• 

n-.*  ^481  B.Y. 

Oil  of  turpentine,  rectified 1.470  W. 

Spirit  of  turpentine,  (S.  G.  0.874) 1 .471  N. 

Oil  of  turpentine 1 .475  Br. 

Ditto 1.476  B.Y. 

Ditto  (common) 1.476  W. 

Ditto     1.482  C. 

Ditto     ^     1.485  B.Y. 

Ditto  (common)  1.486  He. 

Ditto,  8.  G.  =  0.885,  (ray  E) 1.47835  Fr. 

.1.467*  N. 

1.469  W. 

Oil  of  olives <  1.470  Br. 

1.4705  He. 

>  1.476  B.Y. 

Oil  of  bergamot 11473  b'^Y 

Oil  of  beech,  misprinted  ?  oil  of  brick   1.471  Br. 

Oil  of  brick,  distilled  from  spermaceti   { 1  471  Br 

Oilofjuniper 1.473  Br. 

T>  •^        u  /I •'174  B.Y. 

Butter,  cold | ,  ^qq  ^ 

Pahnoil    1.475  B.Y. 

Oilofrapeaeed    1.475    |^*^^'- 

Naphtha 1475  B.Y. 

Essence  of  lemon    1 .476  w. 

Uumarabic(S.G.=  1.375) 1.476  N. 

Oil  of  dill  seed 1.477  Br. 

OHofthyroe 1.477  Br. 

^.,    ,  ,  f  1.478  B.Y. 

Oilofcajeput       1 1  493  g^ 

Opal  (p2irXy  hydrophanous)    1.479  Br. 

Niplessoap.....: , 1.479  B.Y. 

Oil  of  mace,  melted    1.481  B.Y. 


•  The  8.  G.  of  Newton's  specimen  was  0.513. 


Oil  of  spearmint 


Oilof  lemon  

Carbonate  of  potash  (?)  . 

Oil  of  pennyroyal 

Ditto     

Linseed  oil  (S.  G.  0.932)  . 

Linseed  oil    

Ditto     

Oil  of  savine ••  •  • . 


Oil  of  juniper 

Sulphate  of  ammonia  and  magnesia 

Tram  oil  .   

Oil  of  wormwood     

Ditto 


Castor  oil 

Florence  oil ^ 

Oil  of  thyme    

Oil  of  dill  seed    

Oil  of  feugreek  (P  fenugreek) . 
Ditto    


Camphor . 


((S.G.srOsW)* 


Oil  of  hyssop 

Windsor  soap 
Obsidian   .... 


Iceland  spar.  •  •  .weakest  refiraction 

Ditto    strongest i 

Ditto    ordinary  index 

Ditto    extraordinary    

Ditto    (S.G.=:2.72) 

Sulphate  of  magnesia  (?  greatest  refraction)  •  •  • 

Nut  oil  (perhaps  impure)      

Ditto     

Oil  of  castor 


Tallow  (cold)   

Oil  of  carraway  seed  (carui  seminis)     . . 

Oil  of  marjoram • 

Oil  of  nutmeg 

Nut  oil 


Oil  of  Angelica   

Bees  wax,  cold    

Bees  wax 

Ditto  14®  Reaum 

Ditto,  melting 

Ditto,  boiling   

Ditto 

Ditto  (white  wajr^  cold)    

Sul|jljnte  of  iron,  grcite^t  refraction 

Balsam  of  sulphur 


Sulphate  of  potash 

Honey 

Rochelle  salt  (mean  green  rays) 

Ditto  (mean  red)    

Ditto  (tartrate  of  potash  and  soda). 

Treacle 

Yolk  of  an  egg  (dry)   

Oil  of  beech  nut  


Oil  of  rhodinm. 


Glass,  plate  and  crown,  various  specimens  : 

Ditto  English  plate 

Ditto  French  plate 

Ditto  English  plate  (extreme  red) 

Ditto  plate   


(IMl 

\i4m 

jlMl 

Utt 
1.48S 
1.485 
1.48S 
1.485 
]w487 
1.482 
J  1.4821 

1A8S 

lw483 

1.485) 

1.4891 

r  1.485 

1 1.490 

U85 

1.486 

1.487 

1.487 

M88 

1.487 

1.496 

1.500 

1.500 

(\AS7 

1 1.495 

1.487 

1.488 

/1488 

1 1.519 

1.657 

1.665 

1.6543 

1.48S3 

1.667 

1.488 

1.490 

1.507 

1.4)0 

n.49- 

11.493 

(1.483 

11.491 

f  1.490 

11.491 

f  1.491 

11.497 

n.491 

11.507 

/ 1.491 

11.493 

1.492 

1.507 

1.5123 

1.4503 

1.4416 

1.542 

1.535 

1.494 

r  1.494 

11.497 

/ 1.475 

11309 

1.495 

1.4985 

1.4929 

1.515 

1.500 

1.500 

1.500 

(IJKH) 

{1J503 

U.505 

1.500 
1.504 
13133 
1314 


&Y. 

&T. 
Ik. 
fr. 
Ef. 

H. 
W. 
ET. 
fr 

ET. 

fr 
El 

EY. 

ET. 

fr 

EY. 

ET 

ET 

fr 

ET 

W. 

ET 

C 

E 

fr 

ET 

ET 

fr 

W. 

B. 

W. 

E 
E 

li 

Br. 

fr' 

Br.     , 

Br. 

W. 

&T 

B.T 

Br. 

RT 

Br. 

B.T 

W. 

EY. 

fr. 

ET 

fr. 

ET 

ET 

H 

M. 

M. 

W. 

W. 

fr 

ET 

fr 

W. 

fr. 

RT 

He. 

He. 

fr. 

W. 

ET 

fr. 

Br. 

ET 

fr. 

W. 
W: 
He. 


LIGHT. 


Glass,  Dutch  phle  . . . , ,  *.  1*517 

Ditto  crowD,  common  • ,.,,.»,♦  1,525 

Ditto  pUte I  526 

Ditio  crowo,  a  prism  by  DoUond,  (extra  red)   . .  1.52$ 

Ditto  plate    *..,, 1-^27 

IHllo  ditto •  5  ^29 

Oitln  crowo,  another  prism  by  DoUofid,  {extra  re%\)  1,5301 
Ditto  Fraiioliofer's    crowD,    No,     13,    (niy    E,) 

S,G  2.r>3S *.* 1&314 

Ditto  ydlow  plaie,  S.  G.  2.52 1^32 

Ditto  FniunhoffrS    crown,    No.    9,    (ray    K,) 

S.  C.2535    • 15330 

Ditto  Radelifl«  crawo • .  K  '^^  | 

Ditto  crown  .....«.,. .,.«..,....«*••     L534 

DitlnpUte    1.W8 

Ditto  ditto IM2 

Ditto  Su  Gobia    1,543 

Ditto  crown ,.,» 1 .544 

Ditto  old  plate I.S45 

Ditto  vulgar 1.5&0 

Ditto  Fraunhofer'a  crown,  M,  S,  G,  2.756,  (ray  EJ     1.5631 

Ditto  plate,  (S.  G,  276) 1.673 

Ditto  Iwttlc , , 1.A82 

N.  B.  It  is  probable  that  the  more  refractive  ipeeimens 
list  arc  low  Bint  glasses,  coataining*  lead. 

Sp^rmacctt,  cold  ...,.....,,.. ♦ . .  i]"^ 

{1.603 
1.507 
L510 

Starch  (drv) 1.504 

Muriate  o^inllniony,  drr «...      1.504 

Ditto,  two  days  exposea ...*.•.•.      1 .6 13 

Oilofaraber ||;^[J^ 

Birdlime L5l»5 

Oil  of  sweet  fennel  seed i\-^fl 

BaUam  of  Copaiba  . . . , , 

Stilbitc 1 .508 

CMI  of  cummin |}*^^^ 

Scunmooy    ♦,,.,..,..•,,     1.510 

«»-'— • &] 

Qum  Arabic  ., «.. K512 

Ditto  (not  quite  dry)    ......,.,,, 1.513 

Ditto 1,514 

Human  culiele,,.. {iM^} 

Kitrei  ^reateet  index    .«»•.••••«#»..........  li»]4 

Ditto,  leail 1^35 

Ditto 1.S24 

«•  Niter''  p)  S.  G,  1.9 1.524 

Duntiic  vitriol  (sulphate  of  iron)     ,.,......,,,  1.515 

NadeUtein  from  Faroe , . , ,  1.515."J 

Ble«otype Jea«-t  iitd^x ...,.,,,,  1516 

Ditto.' greatest ,,.  1^22 

Sulphate  of  line,  ordinary  rtfraetion  . , 1  517 

^y^^ {\i^ 

T*rtarie  aeid,  least  refracttoti 1.518 

»'"^  Steele.. \\^ 

Gum  dmgon  (Tragaeauih) |  ^'^^ 

Glais  of  borax  I,  silex  2 , l.'V22 

n.52-h 

Gum  lac,  or  Shell  lac <  1.525 

y  1.528 
n.522 

o««>'--«^  "  ydm 

1 1.544 

(1.524 

CaoiiUhmic 1.534 

U.5o7 


w. 

Bo«. 
He. 
Br, 
Bos. 

He. 

Fr. 
C. 

Fr. 

W. 

Br, 
Bof. 

B09, 

W. 

Br. 
W, 
N. 
¥r, 
C. 
Br. 
of  this 

B,Y. 

W. 

B.Y. 

Br. 
BY. 
BY. 
BY. 

B.Y. 

\\\ 

BY. 

B.  Y. 

Br, 

B.Y. 

W. 

B.Y. 

Br. 
Br. 
Br. 
B.Y. 

B.Y. 

B.Y, 

Br. 

B.Y. 

W, 

W. 

Br. 

Br. 

C. 

N. 

N. 

Br. 

Br. 

Br. 

Br. 

B.  Y. 

Br. 

Br. 

Br. 

Br. 

Br. 

W. 

Br 

W. 

Br. 

BY. 

BY. 

Br. 

Eul. 

W. 

Br. 

B.y. 


Selemie 1.525 

Ditto,     greatest  refraction ,,  . .      1 .536 

"  A  selcoitct,  S.  G.  2  252" 1  Am 

Citric  acid ,.     1.527 

Leucite ,..,....  L527 

.1.528 
Canada  balsam J  1.532 

U.549 

Baliam  of  Gdewl .,,      1.529 

Cr)sta]lifie  of  ox  (dried)  and  of  a  fish    ....      1 .530 

.1.531 

*''"^     ^ il,686 

(1.588 

Sulphate  of  copper,  least  refraction , ,      1,531 

Ditto  ditto,    greatest, . .    . 1 .552 

Olibanam      i]'^] 

11. J  44 

Bratil  pebble,  (S,  G.  2.62)  ,, . , 1,533 

Glass  of  pUonphorua  (fused  phosphoric  acid)., . .      1.532 

Solid  photphoHc  acid       , 1 .544 

Class  of  iKffax  (fused  borax)  • , \  .532 

Manna 1,533 

•>'"»'''"»«'  {xmI} 

Arragonite,  extraordinary  index , . .      1.5348 

Ditto,  ordinary ,,,.., , .      1.693 1 

/ 1.535 
Elerai J  1.547 

1 1,550 

r  1.535 
Maalic  , .<  1.539 

U.5fiO 
Arveniate  of  potash  ...  , . , .      l  .635 

Gum  anime    , P  *^^^ 

11,546 
1 1^5 

Copal ••......•  .'1.54& 

1 1.553 

^'^"^^^-- • •      {1:539 

White  sugar , 1  stJj 

Dillo      1,5-1! 

Ditto  (melted)      .., 1545 

Ditto  (after  melting) ,,......  1.565 

Felspar      1.536 

Oil  of  casbcw  nut. 1.53$ 

Oil  of  aniseed  ,, , , «,.,.,,,*  |  ^'^J^j 

Melitt l]538 

Ditto      ,, ,,,..,,..,...     1.556 

Ouniiuiiipcr |j;|J8 

Carbonate  of  barytes,  least  refraction  ......*<•.  1 .540 

Box-wood     .. , , - , 1,542 

Colophony _.    .  1.543 

Apophyllite,  the  >ranety  which  exbihits  wbite  and 

bUck  rin^  {Lttn-ocycUte)    . , 1.5431 

Carbonate  of  strootia,  least  refraction  *••*.«#••*  1 .543 

Ditto  ditto        greatest 1.700 

Ditrhroitc  (iolite) 1 .544 

Pi*tri>leuifi,, 1.544 

Sal  gemmcf,  S.  G.  2.143  (rock  salt)    1  .M6 

Ditto  (rocit  salt) L567 

Chio  turpentine     , { 1  st? 

Gum  sa^npenum   ..,...,».••• 1.545 

TurppTJtirke   •..«,.,».,,• ♦.•..*«,..,«      1.645 

""'E-'-^yP"^"    {IJ^ 

°"'-"- {Ifw 

Oil  of  tobacco  .......*,«... 1 ,547 

Rock  crystal ,. L547 

Quartz,  ordinary  refractive  index 1.5484 

Ditto»     extraordinary. ,..,  1.5682 

Amethyst i  .562 

Rock  crystal  (double) 1 .5fi2 

Crystal  of  tbe  rock  (S,  G.  2,65) 1 .563 

^^-rpi^^ w^ 

4b2 
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vv. 

Br. 

N. 
Br. 
Br, 
W. 

B.y. 

Br. 

av, 

W. 

W, 

BY. 

Br. 

B.Y. 

Br. 

Br. 

B.Y. 

Br. 

C. 

Br. 

Br. 

Br. 

aY. 

RY. 

M. 

M. 

W, 

Br. 

BY. 

W, 

BY. 

Br. 

W. 

W. 

BY* 

W. 

Br. 

BY. 

W, 

B.Y. 

W. 

aY. 

aY. 

Br, 

Br. 

B.Y. 

B.Y. 

Br, 

Br. 

Br. 

Br. 

B.Y. 

Br. 

W. 

W. 

He. 

Br. 

Br. 

Br, 

B.Y. 

N. 

Br. 

BY. 

Br. 

B.Y. 

B.Y. 

B,Y, 

Br, 

B.Y, 

Br. 

Br. 

W, 

M. 

M. 

W. 

Br. 

N. 


Part  IV. 


1120. 

Table  of 

l>iRp€ra$vc 

Powers, 


LIGHT, 

greatesl  in  the  chemical  scale,  such  multiplication  will  depress  the  rank  of  the  former^  and  exalt  that  of  thel&tltf« 

so  as  to  separate  them  inilirely  from  the  proximity  they  now  hold,     A  distinction,  too,  will  require  to  be  regarded  ^ 

between   compound  and  simpk   atoms.     But  as  these  crmsiderationH  are  peculiar  to  the  system  of  emisfoioiL,  w 

shall  not  prosecute  them  farther  in  detail 

The  dispersive   powers  of  bodies  afford  another  very  intere&ting'  and  distinctive  chaiacter.     Of  these.  Dr. 

Brewster,  in  his  Treatise  on  Neu)  PhUosopkical  Ifi^ntmenh,  h^  given  the  following  extensive  table,  alcnosl 

entirely  from  his  own  observation, 

TABLE  OF  DISPERSIVE  POWERS. 

J/* 

'  column  S,  that  of 


Column  1  contains  the  name  of  the  medium  ;  column  2  the  value  of  the  function 
fi  5  simply,  5  /A  being  the  ditTerence  of  jrefhicLive  indices  of  extreme  red  and  violet  rays. 


M-i 


Dispersive  Powfts. 


a^ 
^-.1 


V' 


Ati- 


Chrom»  lead,  greatest  estimtiled| 
Ditto  greatest  exceeds  | 

Realgar,  melted,  different  kind 
Chrom.  lead,  least  refraction  , 

Realgar  melted »  . 

Oil  cassia    .  >  , , 

Stdphur  afler  fusion 

Phosphorus 

Balsam  Tolu 

Balsam  Peru 

Carb.  luad,  greatest 

Barbadoes  aloes    

Oil  aniseed 

Balsam  styrux    

liuiacum     » *...,, 

Carb.  lead,  least  refraction   .  , 

Oil  cummin    .  * , 

Gum  ammoniac 

Oil  Barbadoes  tar  .  . , 

Oil  cloves ,    ..... 

Green  glass  .  , , 

Sulphate  lead < 

Deep  red  glass , 

Oil  sassafras . .  • , 

Opal  coloured  glass 

Resin ,  . 

Oil  sweet  fennel  seed    ...... 

Oil  gpearmint     

Orange  glass  • , * . 

Rock  salt 

FUnl glass,  (Boscov.  greatest) , 

Caoutchouc    ,......., 

Oil  pimento 

Flint  glass 

Deep  purple  glass , 

Oil  Angelica 

Oil  tliyme 

Oil  fen  (?  fenuj  greek     

Oil  wormwood 

Oil  pennyroyal 

Oil  carraway 

Oil  dill  seed 

Oil  bcrgamot , 

Flint  glass 

Chio  iur|>entine. 

Gum  thus. . .  . 

Flint  glass 

Oil  lemon 

Oil  jimiper. 

Oil  chamomile   .  . .  * 

Gum  juniper 

Carb.  strontia,  greatest  refrac- 


0.400 
0.296 
0.267 
0.262 
0.255 
0.139 
0.130 
0.128 
0.103 
0.093 
•fO.091 
0.085 
0.074 
D.069 
0.066 
0.066 
0.065 
0.063 
0.062 
0.062 
0.061 
0,060 
0.060 
0,060 
0.060 
0.057 
0.055 
0.054 
0.053 
0.053 
0.0527 
0.052 
0.052 
0.052 
0.051 
0.051 
0.050 
0.050 
0.049 
0.049 
0.049 
0.049 
0.049 
0.048 
0.048 
0.048 
0.048 
0.048 
0.047 
0,046 
0.046 
0,046 


0.770 
0.570 
0.394 
0.388 
0.374 
0.089 
0.149 
0.156 
0.065 
0,058 
+  0.091 
0.058 
0.044 
0.039 
0.041 
0.056 
0,033 
0.037 
0.032 
0.033 
0,037 
0.056 
0,044 
0.032 
0.038 
0.032 
0.028 
0.026 
0.042 
0,029 

0.028 
0.026 
0,032 
0.031 

0,0^5 
0.024 
0.024 
0.022 
0.024 
0.024 
0,023 
0.023 
0,029 
0.028 
0.028 
0.028 
0.023 
0.022 
0,021 
0.025 
0.032 


B. 
B. 
B. 
B. 
B. 
B. 
B, 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B, 
B, 
B. 
B, 
B. 
B, 
B. 
B. 
B. 
B, 
B. 
B. 
B. 
B. 
Bos 
B, 
B. 
B. 
B, 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B 


Dispersive  Pawen. 


Oil  brick 

Flint  glass,  (Boscov.  lowest) 

Nitric  acid 

Oil  lavender   .....,♦,♦..,. 

Balsam  of  suiphur     

Tortoise  shell 

Horn  . , 

Canada  balsam 

Oil  marjorum. 

Gum  olibanum , . 

Nitrous  acid  (?)   

Cajeput  oil 

Oil  hyssop ..,,.......,.., 

Oil  rhodium 

Pink  coloured  gloss 

Oil  savine 

Oil  poppy 

Jargon,  greatest  refraction    . 

Mur.  acid , 

Copal    

Nut  oil    . I   , 

Burgundy  pitch. 

Oil  turpentine 

Oil  rosemary , 

Felspar , 

Glue 

Balsam  capivi , 

Oil  nutmeg    

Stilbite    .  . 

Amber 

Oil  peppermint 

Spinel le .  .  . 

Carb.  lime,  greatest  refraction 

Oil  rape  seed 

Bottle  glass  , 

Gum  elemi 

Sul.  iron. 

Diamond , , 

Oil  olives    • . , . 

Gum  mastic    . .  ♦ ,  • . . 

White  of  egg 

Oil  rhue  . 

Gum  myrrh . 

Beryl 

Obsidian  , , , , 

Ether , 

Selenite 

Alum  , , , , 

Oil  castor 

Sulphur  copper.. , 

Crown  glass,  very  green    . , .  . 
Gum  Arabic , 


I 


0.046 

0.0457 

0.045 

0.045 

0.045 

0.045 

0.045 

0.045 

0.045 

0.045 

0.044 

0.044 

0.044 

0,044 

0.044 

0.044 

0.044 

0.044 

0.043 

0.043 

0.043 

0.043 

0.042 

0.042 

0.042 

0.041 

0,041 

0.041 

0.041 

0.041 

0.040 

0.040 

0.040 

0.040 

0.040 

0,039 

0.039 

0.038 

0.038 

0.038 

0.037 

0.037 

0.037 

0.037 

ojm 

0.037 
0,037 
0.036 
0.036 
0.036 
0.036 
0.036 


'^  z 


0.021 


Action  of 
crystalliied 
surf&ces  on 
rtf  fleeted 
light. 
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Table  of 
angles  bc^ 
tween  the 
ojjtic  axes 
of  crystals. 


L  I  G 

of  cases  to  decide  between  two  substances,  which  might  be  otherwise  confounded  togethen  and  inasmuch  ts  it   | 

can  be  measured  on  any  sini^le  surface  sufficiently  polished  to  g^ive  a  regular  reflexion,  thus  enabling'  tis  to  apply  ^ 
this  character  to  minute  frag'ments,  or  to  specimens  set  us  jewels,  or  otherwise  too  precious  to  be  sacrificed;  Id 
opaque  bodies,  and  to  a  variety  of  other  coses  where  a  direct  measure  of  the  refractiou  would  be  impractical   ~ 
It  has  not  escaped  the  acute  and  careful  observation  of  Dr.  Brewster,  that  the  polarizing;;  ang^le  on  the  sui^mtcs 
crystallized  media  is  not  absolutely  the  same  in  all  planes  of  incidence ;   and  the  deviation,  though  exoesnfdj 
small   when  the  natural   reflexion  is  used»   becomes   very   sensible,  and   even  etiormous,  when   the  reflexion  b 
weakened  by  covering  the  surface  with  a  cement  of  a  refraction  approaching:  that  of  I  he  medium,  so  as  to  allow 
only  those  rays  to  reach  the  eye  which  have  penetrated,  as  it  were,  to  st>nie  minute  depth,  and  underg^one  some 
part  of  the  action  of  the  crystal  m  such.     The  point  is  amon<5  the  most  curious  and  interesting  in  the  doctrine 
of  reflexion,  and  we  re^et   that  our  limits,  as  well  as  the  obscurity   still  hang-ing^  over  it,  and  which  it  will 
require  much  elaborate  research  to  dissipate,  prevent  our  devoting  a  section  to  it^  but  we  must  be  content  to  refer 
the  reader  ij  an  excellent  paper  on  the  subject  by  that  Philosopher,  Philosophical  Tramadions^  1819. 

Tlie  angles  included  between  the  optic  axes  of  biaxal  crystals  is  a  physical  character  of  the  first  rank,  both 
on  account  of  its  distinctness*  its  extent  of  range,  (iudiflTereutly  over  the  whole  quadrant,)  and  its  immediate  and 
intimate  connection  with  the  state  in  which  the  molecules  of  the  crystals  subsist,  and  what  may,  loosely  speakia^, 
be  termed  their  stnicture.  It  is,  however,  a  character  by  no  means  easily  determined  :  both  axes  rurely  lying 
within  one  field  of  view,  capable  of  being  examined  through  natural  surfaces,  and  requiring,  in  almost  all  cases, 
the  production  of  artificial  sections ;  at  least,  this  is  the  only  safe  way  for  observations  of  the  tints,  for  the 
angles  at  which,  in  a  thin  parallel  plate,  the  several  successive  orders  of  colours  are  produced  in  situatioa* 
remote  from  the  axes,  are  for  the  most  part  far  too  vague  to  lead  to  any  accurate  conclusion  as  to  the  position  of 
these  lines  within  the  plate,  not  to  speak  of  the  sources  of  fallacy  highly  coloured,  or  dichroite,  crystals  obviooslj 
present.  With  these  considerations  before  us,  we  cannot  but  be  struck  with  surprise  and  admiration  at  the 
unwearied  assiduity,  which  could  produce,  almost  unassisted,  a  table  of  results  so  extensive  and  so  valuable  ts 
the  following. 

Table  of  the  Indinatiom  of  the  Optic  Axes  in  variom  Crystals, 

L  UsiAXAi.  Crystals.     Inclination  =  0, 


Carboomte  of  lime,  (Iwlaad  ipar.) 
Carbcmiite  of  lime  and  magneiiit,.  (bitt«r 

■par.) 
Cari)oaat«of  liiD«  aad  iron,  j^brown  ipar.) 
Toarmalint. 
HnbelliCe; 

Zircon. 
Qaarts. 
Oxide  of  I  nan. 


Corundum. 

SapplsiiTv, 

Rub)'. 

EmerRld. 

Beryl. 

Apatite. 

Tun^tate  of  line. 

Tttanite. 

Bor»cite, 


KfposulphAte  of  Jin 


II. 


Negative  Clots, 

I(!lif>crfti«t  (VetariAn.) 

Wernerite. 

.Mica  from  KmriaL 

Phosphate  of  lend. 

Phosphato-arseaiAte  of  leftd. 

Hydrate  of  itfontia. 

Fotitive  Ciau, 

IApophjrllite. 
Sulphate  «f  potaak  aad  ircm, 
^apemcetite  of  copper  a«d  lime. 

OxjrstilpHate  of  iro*. 

Biaxal  Crystals, 


A  neniBte  of  potash. 
Manat«of  lime. 
Mnriat«>  of  ftrontia. 
8ubpbcNiphat«  a( 
SolphatAofmcI 


Hrdntt  of  QuifimlA. 
Ic«. 


Sulpbale  of  tiickel,  certain  specimenff  , 
CBrDDiiaie  of  lead 


Stkma  of  erjttikl* 


Sulphato-carbonate  of  le^d 

Carbonate  of  strotitia   * 

Carbonate  of  baryta 

Nitrate  of  polash 

Mica,  certain  specimens    

Talc , 

Mother  of  pearl ,,....«,.. 

Hvdrate  of  baryta    

Uici,  certain  specimen 

Arragonite < . « . , 

Pmssiate  of  potash  (?  Fcrrocyanate) 
Mica,  certain  ipecimens    ■!«.«..■.. 

Cymopbane «,«••, , 

Anbyarite 

Borax 


Mica,  various  ipeclmea*  examioed 
M.Biot 


bj 


Biaxal  apophyllite » 

Sulphate  of  maguetia  • 

Sulphate  of  barytes 

Spermaceti  (about) • . . . 

Tineal  (native  borax)    » 

Nitrate  of  zinc  (est i mated)  * . . 

Stilbite 

Sulphate  of  nickel    ......... 

CarDonmte  of  ammonia.  .....* 

Sulpbale  of  xinc     ......«...* 

An  b  yd  rite  (cjtamined  by  Biol), 


prinrlH.1  axl* 
accoruiliui  to 
l>r. ^■ 


IncUiutkffl  oT 


3^    or 
5     15 


£f iinie*  of  crjitalft. 


+ 

+ 

4^ 


+ 


+ 


6 

56 

& 

20  : 

6 

0 

7 

24 

H 

28  , 

13 

IS 

14 

0 

18 

10 

19 

24 

25 

0 

27 

&1 

2B 

7 

*28 

42 

30 

0 

31 

0 

32 

0 

34 

0 

37 

0 

35 

6 

37 

24 

37 

42 

37 

40 

3S 

48 

40 

0 

41 

42 

42 

4 

43 

24 

44 

2S 

44 

41 

Mica  ..........    .,.,.,.,, 

Lcpidolkte  *    ,,...,.,    ....^ 

Benzoale  of  ammonia  *..»«. 

Sulphate  of  magnes'ta  and  soda   •  * . 

Sulphate  of  ammonia 

Brazilian  topaz  (Brewster  and  Biot } 

Sugar , « 

Sulphate  of  strotitia  ,.....,,....., 
Murmulphatc  of  magnesia  and  iron 
Sotpliate  of  ammonia  and  magnetia. 

Phosphate  of  soda    • , , 

Comptoaile. ..  **«...., ...,«..««, 
Sulphate  of  linte  •«....    ...,..< 

Oxynitxate  of  ailrer 

lolite.. ...... 

FeUpar 

Topaz  (Aberdeenshire) , . 

Sulphate  of  potash    « , *, 

Carbonate  of  soda,    •!,*.«•• 

Acetate  of  lead , 

Citric  acid . 

Tartrate  of  potash. . . . . , 

Tartaric  atid 

Tartrate  of  potaiih  and  soda  ..••,*.. 

Carbonate  of  potasb 

Cyanite .,,..»...< 

Chlorate  of  potash    .........    . . . . 

Epidote,  about 

Muriate  of  copper    ....,,..,,.., 

Peridot  

CrystalMzed  Cbeltenham  salts  ...... 

Succinic  acid^  estimated  at  about  . . 
Sulphate  {jf  iron^  about     ......  .  i  .. 


+ 


4&^ 

O* 

45 

0 

45 

8 

46 

49 

49 

43 

49. 

t5CP 

biP 

(T 

60 

0 

51 

IS 

5! 

n 

55 

20 

56 

6 

60 

0 

62 

16 

62 

50 

63 

0 

65 

0 

67 

0 

70 

I 

70 

85 

70 

29 

n 

20 

79 

0 

no 

0 

80 

30 

81 

48 

82 

0 

84 

19 

M 

30 

87 

56 

88 

14 

90 

0 

90 

0 

578 


LIGHT. 


LiLiht.      admit  of  bein^  determined  with  sufficient  precision,  in  such  very  imperfect  specimens  as  OTe  usually  subjected  1_ 
^-^— ,^^-^^'  examination  for  the  purpose  of  identification,  and  a  much  belter  course  is  to  make  the  tint  developed  at  a  pe- ' 
Polariiing     pentHcular  incidence,  by  a  plate  of  gfiven  thickness  in  a  direction  at  right  angles  to   boih   the  optic   axes»dto_ 
1  li'de^M  a  ^^^^^^  ***^  determination.     This  tint  (which  we  shall  term  the  equatorial  tint)  may  be  derived  immedialely 
physica"  *  observations  of  tints  at  any  angle,  by  the  formnla 


ol  media. 


N^ 


cos  f> 


sin  0  ,  sin  0* 


where  N  is  the  tint  in  question^  nnmericaily  expressed  as  usual,  and  where  n  is  the  tint*  (also  !?irailarly  exp         ^_ 
developed  at  an  ang-le  ol  incidence  whose  corresponding  angle  of  refraction  is  p,  on  a  plate  whose  thicknest  ls(' 
{expressed  in  English  inches  and  decimals)  and  where  0^  0'  are  the  angles  made  by  the  ray  in  traversing  the  plate 

with  the  two  axes.     This  value  of  N  is  tlie  same  with  —  in  the  equation  of  Art,  907.     The  following  list  of  a 

very  few  substances  will  suffice  to  show  the  great  nnge  the  value  of  N  admits,  and  its  consequent  utility  «s« 
physical  character,  considerations  which  we  hope  wiil  induce  observers  to  extend  the  list  itself  as  well  as  to 
give  it  all  possible  exactness. 

Uniaxal  Crystals. 


Iceland  spir  ..,.,.,»,,. 

Hydrate  of  atrontia  ((u&uming  ^  ^:  1 .5) « • 

ToiirnmUne -.,... # . 

Hypo*ii!phat«i  of  Ume. .,..,. « 

Quiirtz. ....,.,., .,.,..«.., , 

Lcucoeyclile  (uuiaxal  apophyllite,  1st  variety) -  - 

Camphfrr ,.,. •*.««-., 

Vesiivian  ,..,.,,,.....,,..  ^ , , 

Uniml  apophyilUe,  2d  variety 

Ditto,  3d  variety , 
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Sylphaie  of  baryta,  , , , 

HeuJand lie  (while; — angle  between  axes  e;  54*  17'). 
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But  the  phenomena  of  refnicUon,  reflexion,  and  polarization,  niay  not  only  be  applied  by  the  aid  of  these  w' 
similartablesofregisleret!  results,  to  the  exaniiiudion  and  identification  of  substances  in  the  ftoss,  they  are  also  of 
use  ill  detecting'  piTuHarities  of  structure  iu  individual  specimens,  or  in  certain  species  which  would  otherwi« 
escape  obf^ervatiou*  The  sij^nular  slrijclure  of  amethyst  has  been  alreudy  explaiued,  and  a  variety  ofcasttt^ 
heinitropi-sni  might  be  noticed,  in  which  the  juxtaposition  of  the  parts  is  rendered  evident  by  the  test  of  polariiei 
lig;ht.  Of  these,  how^ever»  by  fur  the  most  curious  and  tntereslinn;-  are  those  in  which  the  juxtaposed  parts 
bine  to  form  a  rcfrular  whole,  and  to  produce  a  species  of  pseudo-crystal,  built  up  as  it  were  of  several  iDdivldtia^ 
arrang^ed  with  a  regard  lo  symmetry,  and  forming  a  structure  of  more  or  less  complication.  Such  inRianoe] 
have  been  more  particularly  noticed  in  nitre,  arrag-onite,  topaz»  apopbyllite,  sulphate  of  potasih,  analcime, 
motonie,  &c. 

The  usual  form  of  the  crystals  of  nitre,  when  large  and  well  developed,  is  the  regular  bexag-onal  prism  ;  buti 
section  of  this,  cut  at  right  angles  lo  the  axis,  is  very  commonly  found  lo  consist  of  two  or  more  portions,  tn 
which  the  optic  meridians  are  60°  inclined  to  each  other;  but  the  plane  of  division  often  intersects  oneaTdie 
lateral  faces  of  the  prism,  without  any  visible  external  mark  of  a  breach  of  continuity,  so  that  but  for  the  tc6lfl( 
polarized  lig^ht,  the  macled  structure  would  never  be  discerned.  The  phenomena  of  arragonite,  in  this  respect 
are  very  similar  to  those  of  nitre. 

If  a  plate  of  Brazilian  topaz,  cut  at  right  angles  to  the  axis  of  the  rhombic  prisna  in  which  it  crystalluef^ 
be  examined  by  jiolarized  light,  it  will  occ^asionally  be  found  to  consist  of  a  central  rhomb,  surrounded  bf  i 
border  in  whic!i  the  optic  meridians  of  the  alternate  sides  are  inclined  at  \  of  a  right  angle  to  that  of  the  centnJ 
comparlmcnt,  and  ^  a  right  angle  to  each  other.  In  consequence,  when  such  a  rhombic  plate  is  held  wiA 
its  lot*g  diagonal  in  the  plane  of  primitive  polarization,  two  opposite  sides  of  the  border  appear  bright* 
other  two  black,  and  the  central  compartment  of  intermediate  brightness.  Such  specimenH  often  exhibit 
phenomena  of  diehroi?^m  in  the  central  compartment,  while  the  birder  is  colourless  in  all  positions. 

But  it  is  in  the  apophyllitc  of  the  variety  named  by  Dr.  Brewster,  Tesselile,  that  this  enclosure  of  ooccryirtil 
in  a  case  as  it  were  of  another,  is  exhibited  in  the  most  regular  and  extraordinary  manner.  In  one  af  the  varie- 
ties  t>f  this  singular  body,  whose  form  is  the  right  rectangular  prism  with  flat  summits,  slices  taken  offfomcitbrr 
summit  were  found  by  him  lo  be  of  uuilbrm  structure;  but,  when  these  were  detached,  every  sul 
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nent  importance.     Amon^  these  there  is  certainly  none  more  entitled  to  consideration  than  the  phenomena  of 
^— -v"^  colour,  as  exliibited  by  natural  objects,  which  strike  tis  wherever  we  turn  our  eyes,  and  it  is  impossihle  to  pass  f 
Newton's      iQtai  silence  the  theory  devised  by  Newton  to  account  for  them;  a  theory  of  extraordinary  boh  mess  and  sublilfi 
theory  of  the  ^^^  which  great  diflicultios  are  eluded  byelenrant  refinements,  and  the  appeal  to  onr  ignorance  on  some   points  | 
natuni  ^^  dexlerously  backed  by  the  weia^ht  of  our  knowleda^e  on  others^n  as  to  silence,  if  not  refute,  objections  which  r 

bodies,  first  ^ig-ht  appear  conclusive  against  si.     The  postulates  on  which  this  theory  rests  are  essentially  as  follows: 

1135,  ^*  ^'^  bodies  ar<i  porous ;   the  pores  or  intervals  vacant  of  ponderable  matter,  occupying  a  very  much  la 

Postulates,    portion  of  the  whole  space  filled  by  the  body,  than  the  solid  particles  of  which  it  essentially  consistn. 

2.  These  so'id  particles  have  a  certain  size  (and  perhaps  figure)  essential  to  them  as  particles  of  that  pardculi 
medium,  and  which  cannot  be  changed  by  any  mechanical  action,  or  by  any  means  not  involving  a  change  in  \' 
chemical  nature  or  condition  of  the  medium.  They  are,  in  short,  the  ultimate  cr^oww  ;  to  break  which,  is  lode 
their  essence,  and  resolve  them  into  other  forms  of  matter,  having  other  properties. 

3.  These  atoms  are  peifectly  transparent,  and  equally  permeable  to  light  of  all  refrangi  bill  ties,  which,  hav 
once  passed  their  surfaces,  is  in  the  act  of  pursuing  its  ctnirse  through  their  substances, 

Newton,  indeed,  makes  his  atoms  only  **  in  some  measure  transparent."  But  he  never  refers  to  this  Umilatiti 
and  his  theory  depends  essentially  on  ihmxr  perfid  transparencyi  as  is  indeed  obvious  from  his  account  of  opacit] 
which  is  contained  in  the  next  postulate. 

4.  Opacify  m  tjalitral  bodies  arhex  from  the  muliitude  of  refterhm  canned  in  their  internal  parU. 
It  is  obvious,  therefore,  that  unless  we  admit  a  cause  of  opacity  in  atojm  different  from  that  which,  on  ( 

hypothesis,  causes  it  in  their  aggregates  constituting  natural  bodies,  the  former  cannot  be  otherwise  than  ab 
bitely  peliycid,  since  no  reflexions  ctin  take  place  where  llR^rc  are  no  inter^'als,  and  no  change  of  medium. 
the  stifficiency  of  thin  cause,  either  in  natural  bodies  or  atoms,  however,  w^e  confess  tliere  does  appear  to  us  SOOM 
room  for  doubt,  as  it  seems  difficult  so  to  conceive  these  internal  refiexions,  that  the  rays  subjected  to  thetn  shall 
be  all  andyor  ever  retained,  entangled  as  jt  were,  and  rimnin^"  their  rounds  from  atom  to  atom,  w^ithout  a  possi- 
bility of  reaching  the  surface  and  escaping;  which,  were  they  to  do,  it  is  evident  that  every  body  so  coil' 
stituted,  receiving  a  beam  of  light,  would  in  fact  only  disperse  it  in  all  directions  in  the  manner  of  a  sdf 
luminous  one. 

5.  Tht  colours  ofnaiurai  bodies  are  the  colours  of  thin  plates^  produced  hy  the  same  cause  which  produeatkm^J 
in  thin  lamiiKB  of  air,  glass,  ^t.  viz.  the  interval  between  the  anterior  and  posterior  surfaces  of  the  atoms,  wbidli'^^ 
when  an  odd  multiple  of  half  the  length  of  a  fit  of  easy  reflexion  and  transmission  for  any  coloured  ray  movioj^^ 
within  the  medium,  obstr*fcts  its  penetration  of  the  second  surface,  and  when  an  even,  ensures  it,  (see  Art.  6bb.)  The 
thickness,  therefore,  of  the  atoms  of  a  medium,  and  of  the  interstices  between  them,  determines  the  colour  they 
shall  reflect  and  transmit  at  a  perpendicular  incidence.  Thus^  if  the  molecules  and  interstices  be  less  in  tsizf 
than  the  interval  at  which  total  transmission  takes  places,  or  less  than  that  which  corresponds  to  the  edge  of  the 
central  black  spot  in  the  reflected  rings,  a  medium  made  up  of  such  atoms  and  interstices  will  be  perfectly  tnutt^ 
parent.     If  greater,  it  will  reflect  the  colour  corTesponding  to  its  thickness. 

It  may  be  objected  to  this,  that  all  natural  colours  do  not  of  necessity  find  a  place  in  the  scale  of  tints  of  thin 
OtyecUons.  plates,  even  those  of  bodies  whose  chemical  composition  is  uniform  ;  but  to  this  we  may  answer,  that  the  coloiin 
reflected  from  the  first  layer  only  of  molecules  next  the  surface  ought  to  be  pure  tints,  those  from  lower  layers 
having  to  make  their  way  to  the  eye  through  the  upper  strata,  and  thus  undergoing  other  analyses,  by  tnos' 
missions  and  reflexions  among  the  incumbent  atoms.  Besides  which,  whatever  »hapewe  attribute  to  ihe  atoms, 
it  is  impossihle  that  all  rays  shall  penetrate  them  so  as  to  traverse  the  same  thickness  of  thc<n,  unless  we  regard 
them  as  mere  luminm  without  angles  or  edges,  and  of  enormous  refractive  power-*  The  same  answer  must  be 
made  to  the  objection,  equally  obvious,  that  the  transmitted  tint  ought  to  be  in  all  oases  complementary  to  the 
reflected  one,  and  that  therefore  cases  like  that  of  leaf  gold,  opalescent  glass,  and  infusion  of  lis;num  nejihriti^ 
cum,  all  which  reflect  one  tint  and  transnjit  another,  but  in  all  which  this  condition  is  violated,  form  exeeptioiif 
to  the  theory,  Btit,  in  reality,  the  transmitted  rays  have  traversed  the  whole  thickness  of  the  medium,  and  haw 
therefore  undergone,  many  more  times,  the  action  of  its  atoms,  than  those  reflected,  especially  ihose  near  the 
first  surface,  to  wliicli  the  brighter  psirt  of  the  reflected  colour  is  due. 

The  infusion  of  lignum  nephriticum  is  a  very  fiingular  case,  and  its  peculiar  properties  have  been  explained 
Dr.  Young,  on  the  supposition  of  minute  particles  of  definite  magnitude  suspended  in  it.     Though  very  t 
parent,  it  yet  reftecis  a  bluish  green  colour,  while  the  light  transmitted  is  yellow  or  witie-coloured,  in  this 
spect  offering  almost  the  exact  converse  of  leaf  gold.     It  is,  however,  no  doubt  a  case  of  opalescence,  and 
exactly  imitated  by  certain  yellow  glasses,  in  which  a  very  visible  thin  film  of  opalescent  matter  near  the  surfi 
reflects  to  Ihe  eye  a  bluish  green  tint,  while  yel  the  colour  transmitted  has  the  yellow  tint  belonging  to  tbegli 
The  reflexion  proceeds  from  particles  which  have  nothing  to  do  with  the  transmitted  light. 

But,  in  fact,  the  objection  (as  appears  to  us)  is  not  yet  fully  answered.     Transpirent  coloured  media  (deaf 
liquids  in  which  no  floating  particles  exiitt,)  have  iio  reflected  colour.     When  examined  by  pouring  ihcm  into  m 
transparent   oj*aque  vessel,  blackened  inter naliy    and   filled   to    the    brim,    and  when  the    colourless  reflexion  from    tl 
ci>looreu       upper  surface  is  destroyed  by   reflexion   in  an   opposite  plane   at  the  polarizing  angle,  it  is  seen   at  once 

no  light  is  reflected  from  within  the  medium,  either  near  the  surface,  or  at  greater  depths;  and  if  this  mode  of 
examination  be  regarded  as  objectionable,  as  perhaps  destroying  the  internal  as  well  as  external  reflexion,  it  h 
equally  satisfactory  to  observe,  that  the  image  of  a  white  object  reflected  from  the  surface  of  a  fluid  in  a  black 
opaque  vessel  is  always  purely  white,  whatever  be  the  colour  of  the  reflecting  fluid.  We  are  not  aware  that  the 
objection  so  put  has  been  sufficiently  considered,  or  even  propounded.     To  us  its  weight  appears  considerable, 
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and  we  cannot  but  believe  tbat  some  other  cause  besides  mere  interaa!  refleKions  must  iirterfere  to  prevent  the 

'  complementary  colour  from  reaching'  the  eye ;  and  that  ahsorijtioiit  witli  its  kindred  phenomeiion,  or  rather  its 
extreme  case*  opacity,  is  not  satisfactonly  accounted  for  in  this  theory,  but  must  rather  be  admitted  as  (at  pre- 
sent,) an  idtimate  fact,  of  which  the  cause  is  yet  to  seek. 

If  this  be  granted*  the  eokiurs  of  all  bodies  may  he  distinguished  into  tni^^  viz.,  those  which  arise  from  rays 
whirjh  hav^  actually  entered  their  wdDstancc  and  underg'one  their  absorptive  action,  (as  the  colours  of  powders 
of  transparent  coloured  media,  cinnabttr,  red  lead,  Prussian  bhie,  those  of  flowers,  &c.,)  nmi  false,  or  superjicialf 
or  those  which  originate  obviously  in  the  law  of  interference  ;  thus,  the  variable  colours  of  feathers,  insects'  wings, 
striated  surfaces,  oxidated  steel,  and  a  variety  of  cases  to  which  the  Newtonian  doctrine  strictly  applies,  for  there 
is  no  denying"  that  cases  of  colour,  not  merely  superficial,  do  occur,  in  which  the  Newtonian  doctrine,  to  say  the 
least,  is  highly  probable.  To  instance  one  or  two  only.  If  a  few  drops  of  an  extremely  weak  solution  of 
nitrate  of  silver  be  added  to  a  very  dilute  solution  of  hyposulphite  uf  lime,  a  precipitate  is  formed  of  an  opales- 
cent whiteness  and  extreme  tenuity.  If  more  of  the  nitrate  be  added,  the  precipitate  increases  in  weig-ht  and 
aggregation,  and  at  the  same  time  changes  its  colour,  becominjif  first  yellow,  then  yellow  brown»  then  a  rich 
orange  brown,  then  a  purplish  brow  n,  and,  finally,  a  deep  brown  black.  The  precipitate,  meanwhile,  continually 
acquires  density,  and,  finally,  sinks  rapidly  to  the  bottom.  It  is  impossible,  in  this  series,  not  to  trace  the  tints 
of  ilie  first  order  of  refiected  rings,  produced  by  the  thickening  of  the  minute  particles  in  the  act  of  aggret:;:ation, 
but  equally  impossible  not  to  recognise  the  agency  of  a  cause  totally  ditferent,  acting  to  increase  the  opacity  of 
the  compound  by  an  absorptive  action  far  siijierior  to,  and  independent  of,  the  action  of  ihe  particles  as  thin 
plates.  The  phenomena  of  Hemuline^  described  by  Chevreul  and  cited  by  Dr.  Brewster,  {Efici/c.  Edin.  Opiics^ 
p.  623 ;  see  also  Biot,  Traite  de  Phtfu.  torn  iv.  p.  134,  there  referred  to,)  afford  too  dose  an  approximation  to 
the  series  of  tints  of  the  second  order  not  to  authorize  a  presumption  that  the  Newtonian  theory  may  apply  to 
this  case  also.  Tlie  diffused  light  and  blue  colour  of  the  clear  sky,  affords  another  very  satisfactory  instance. 
This  blue  is,  no  doubt,  a  blue  of  the  first  order,  reflected  from  minute  aqueous  particles  in  tht  air*  The  proof 
'*,  that  at  74'^  distance  from  the  sun,  it  is  compielelif  polarized  m  a  plane  passing  through  the  sun's  centre. 

Another  objection,  no  less  obvious,  to  the  Newtonian  doctrine,  has  been  succes!?tully  answered  by  Newton 

"i/nself.     A  change  of  obliquity  of  incidence,  it  may  be  urged,  should  cause  a  change  of  colour,  as  a  plate  of 

^V^n  thickness  reflects  a^different  tint  at  oblitpie  and  perpendicular  incidences.     But  this  variation  is  less,  the 

8*r^^ter  the  refractive  power  of  the  medium ;   and  as  the  refractive  power  increases  with  the  density,  that  of  the 

dense  ultimate  atoms  of  bodies  must  be  exceeding  great,  so  that  the  tint  reflected  from  them  will  vary  little  with 

crViange  of  incidence,  (art.  669.)     The  colours  of  oxidated  steel  afford  an  excellent  case  in  point.    The  refractive 

j^er  of  this  oxide,  though  great,  (2.1),  is,  doubtless,  not  to  be  compared  with  that  of  the  ultimate  atoms  of 

les,  yet  the  tints  on  the  suriace  of  blued  steel  vary  but  little  with  a  change  of  obliquity.     We  may  add,  too, 

Ih^t-  the  colour  exhibited  by  any  body  of  sensible  magnitude,  is  in  reality  an  average  of  the  colours  refiected 

fro  m  all  its  molecules  at  all  possible  incidences,  so  that  no  change  of  incidence  ought  to  be  expected  to  aliect  it. 

Of  the  extreme  tenuity  of  the  ultimate  molecules  of  bodies,  Newton  seems  to  have  had  but  an  inadequate 

Adei»i  as  he  supposed  that  they  minfht  be  seen  through  microscopes  magnifying  three  or  four  thousand  times.* 

Vf^  have  viewed  an  object  witkont  utter  indistinct ntss,  through  a  microscope  by  Amici,  magnifying  upwards  of 

three  thousand  times  in  linear  measure,  and  bad  no  suspicion  that  the  object  seen  was  even  approaching  to 

res>olutiou  into  its  primitive  molecules.     But  it  should  rather  seem  thiit  Newton  regarded  his  coloritic  molecules 

as  divisible  groupes  of  atoms  of  a  yet  more  delicate  kind,  and  yet  more  denso^  and  the^e  again  as  still  further 

resolvable  till  the  last  stage  of  indivisibility  be  reached.     M.  Biot  has  given  a  striking,  and,  we  may  almost  term 

it,  picturesque  account  of  this  doctrine,  in  his  Traite  de  Pki/sique, 
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§  XV.    Of  the  Caiojific  and  Chemical  Hay^  of  the  Solar  Spevlrum> 

Jt  has  long  been  a  naatter  of  everyday  observation,  that  boI&t  light  exercises  a  peculiar  influence  in  &lteriii|f 
'P^  oolours  of  bodies  exposed  to  it.  either  by  deepenin|2f  or  discharg-ing-  them,  even  when  totally  secluded  from 
*^r,  ^ud  tjiat  various  metallic  salts  and  oxides,  especially  those  of  silver,  are  speedily  blackened  and  reduced 
^»etx  freely  exposed  to  direct  sunshine,  or  even  to  the  ordinary  lig-hl  of  a  bright  day.  Whether  ihetie  effects 
^epe     owing  to  the  heat  of  the  rays,  or  to  some  other  cause,  remained  long  uninquired.     The  first  step  was 


»  J,    *^e  p4$iagej  however,   is  m  the  highest   tone  of  a  refined  philo.'.ophy,  %ftd,  indejieiidenl  of  its  theoretic  bearings,  we  extract  ii,  as 

M^?*^''^^  4  scrutiniting  spirit  of  obiervation  far  beyond  Ike  age  be  lived  to. 

^n  thes«  descriptions  1  have  been  the  more  psrticular*  because  it  i*  not  iro^aossible  lut  th»t  inicrotcopea  may  rI length  be  improved  to  the 

r  oiicov^rY  of  the  particles  of  bodies  on  which  their  coloura  depend,  if  itiey  are  not  already  in  some  oieasar^  arrived  to  that  degree  of  perfccUoo. 

f  rtf'  ^^         *^  insfntinentft  are  or  cao  be  so  far  improved  as  with  suflScietil  distinclness  to  repretenl  objects  fire  or  iijc  hundred  times  bi^er 

than ^^  a  foot  distance  they  appear  to  our  naked  eyes,  I  should  hope  that  we  might  be  able  to  discover  wroe  of  the  greatest  of  ihose  cor- 

Cf**^i^'      Anil  by  utie  that  wouU  mt^mtj  three  or  four  thousand   times   perhaps  tbev  might  all  he  discovefed,  but  thos«  which  produce 

^**<^KH(^      If!   thg  mciiii  while  1  sec  nothing  matenad  in  this  discourse  that  may  rationally  be  doubted  of,  excepting  this  po^^ition  :  That 

^^parenl  corpuscles  of  the  same  thickness  and  density  with  a  plate,  do  exhibit  the  same  colour.     And  thi»  I  would  have  understood  not 

^iljvcuit  some  latitude,  as  well  because  those  corpuscles  may  be  of  irregular  figures,  and  amny  rays  must  be  obliquely  incidetil  on  ibem^  and 

"*  ^*ve  a  ihorter  way  through  them  than  the  length  of  their  diameters^  as  because  the  ttraimess  of  the  medium  put  iti  on  all  sides  within 

f*^  Corpuscles  may  a  little  alter  its  motions  or  other  qualities  on  which  the  reflection  djC|i«ndi.     But  yet  I  cannot  much  suspect  the  last, 

^^^-^ifte  1  have  observed  of  some  small  plates  of  Muscovy  glass  which  were  of  an  even  tliicknesa;f  that  ihrougli  a  micros-cope  they  have 

y**ted  of  ihp  same  colour  at  their  edges  and  corners  where  ihe  included  racdiuni  wai  terminated,  which  they  appeared  ol  in  other  places, 

™^«»ef,  it  wili  add  much  to  our  satisfaction,  if  those  corpuacles  caa  be  discovered  with  microacopes  ;  which  if  we  shall  at  length  aUain  10, 

^^^  it  will  be  the  utmost  improvement  of  this  seose.     For  it  seems  impossible  to  wt9  tbe  more  secret  tod  noble  works  of  nature  wllhm  the 

^Uicles,  by  reason  of  their  transparency." 
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Li^lit.      made  by  Scheelts  who  nscertained  that  muriate  of  silver  is  much  more  powerfully  blackened  in  the  violet  m^ 
^  than  in  any  other  part  of  the  spectrum,   {Traiie  de  I'Air  ei  du  Feu,  §  66.)    The  experiments  of  Sir  W.  Herschti 
ou  the  heating'  power  of  the  several  prismatic  rays,  on  the  other  hand,  which  appeared  in  1800,  showed  siitiii- 
factorliy  that  the  more  refranofible  rays  possess  very  little  heaiiug  power,  the  caiorific  effect  beiti^  at  iti  m\ 
nmm  for  the  extreme  red  rays,  and  even  extending^  considerably  beyond  the  limits  of  the  spectrum  in 
direction.     This  remarkable  diseovery,  which  eslablished  the  independence  of  the  heating-  and   illununmtii 
effects  of  the  solar  rays,  led  Professor  Ritter,  of  Jena,  in  1801,  to  examine  whether  a  similar  extensicm  beyoi 
the  limits  of  the  visible  spectrum  might  not  also  have  place  in  the  chemical  or  deoxidating"  rays,  and  on  exposii 
muriate  of  silver  in  various  points  within  and  without  the  specltum*  he  found  the  maximum  of  effect  lo 
beyond  the  visible  violet  rays,  the  action  being  less  in  the  violet  itself,  still  less  in  the  blue,  and  dtminis 
with  g^reat  rapidity  as  he  proceeded  towards  the  less  refrangible  end.     Dr.  Wollaston  iudepeudeatly  aniTed 
the  same  conclusion. 

The  solar  rays,  then,  possess  at  least  three  distinct  powers  :  those  of  heating,  illuminating,  and  efTectuif 
chemical  combinations  or  decompositions,  and  these  powers  are  disirihuted  among  the  differently  refhmgihie 
rays^  in  such  a  manner  as  to  show  their  complete  independence  on  each  other     Later  experiments  have  cfODc 
certain  way  to  add  another  power  to  the  list"~that  of  exciting  magnetism.      Without  calling  in  question 
accuracy  of  the  observations  which  are  directed  to  establish  this  point,  we  may  be  permitted  to  hope  that  fui 
researches  will,  ere  long,  explain  the  causes  of  failure  in  those  numerous  cases  where  such  effects  have  not 
produced. 

The  calorific  rays  appear,  from  experiments  of  Berard,  to  obey  the  laws  of  polarization  and  double  refraction, 
AH  obey  the  Hke  those  of  light.  Those  of  interlerence  could  not  be  made  without  excessive  difficulty.  In  the  case  of  tbe 
bwa  "^^"^  chemical  rays,  the  same  ditlculty  is  not  experienced  ;  and  Dr.  Young,  and  after  him,  by  more  delicate  meaasv 
M.  Arago^  have  satisiuctorily  demonstrated  that  these  conform  to  the  same  laws  of  interference,  whether  po- 
larized or  other wise»  that  are  obeyed  by  the  luminous  rays  similarly  circumstanced.  Thus,  a  set  of  fringts 
formed  by  the  interference  of  two  solar  pencils  with  a  common  origin,  being  kept  verj'  steadily  projected  f»r  ■ 
long  time  on  one  ami  the  same  part  of  a  sheet  of  paper  rubbed  with  muriate  of  silver,  a  series  of  black  Hutt 
became  traced  on  it,  the  intervals  of  which  were  smaller  than  those  of  the  dark  and  luminous  fringes  formed  by 
homogeneous  violet  light. 

Dr.  Wollaston  having  observed  that  gum  guiacum  is  turned  green  by  exposure  to  solar  light  in  contact  with 
air»  took  two  specimens  of  pa:per  coloured  with  a  yellow  solution  of  tliis  gum  in  alcohol,  and  exposed  one  of 
them  to  air  and  sunshine,  the  other  to  air  in  the  dark.  The  former  was  turned  perceptibly  green  in  five  minutes. 
and  the  change  was  complete  in  a  few  hours,  while  the  latter  was  no  way  discoloured  alter  many  months.  He 
then  concentrated  the  violet  rays  on  paper  so  coloured,  by  a  lens,  and  the  change  was  speedily  performed,  while 
iL  the  most  luminous  there  was  no  change  of  colour,  and,  in  the  red  rays,  the  green  colour  was  not  only  not 
produced,  but  when  induced  by  exposure  to  the  violet,  was  again  destroyed,  and  the  original  yellow  colour 
restored.  'Diis  seems,  however,  to  have  been  merely  an  effect  of  the  heat,  as  the  warmth  from  the  backfif  t 
heated  silver  spoon  discharged  the  green  colour  just  as  efleclually. 

Mr.  Faraday  has  observed  that  glass  tinged  purple  with  manganese,  has  its  hue  much  deepened  by  the 
passage  of  solar  light  through  it,  and  that  two  portions  of  the  same  plate,  one  preserved  in  the  dark,  the  other 
exposed  freely,  after  some  time  differ  materially  in  intensity  of  colour. 

The  direct  action  of  solar  light,  or,  possibly,  of  its  heat  also,  produces  other  chemical  effects,  such  as  the 
immediate  combination  of  the  elements  of  phosgen,  the  explosion  of  an  atomic  mixture  of  chlorine  and  hydro^^ 
and  other  phenomena,  all  indicative  of  powers  resident  in  lliis  wonderful  agent,  of  which  we  have  but  a  very 
imperfect  notion  at  present.  The  green  colour  of  plants,  and  the  brilliant  hues  of  flowers,  depend  entirely  on 
it.  Tansies  which  had  grown  in  a  coal  pit,  were  Jbund  totally  destitute  either  of  colour  or  of  their  peculiar  and 
powerful  flavour,  and  the  bleaching  and  sweetening  of  celery  by  the  exclusion  of  light,  is  another  familiar  in- 
stance of  the  same  cause.  Mow  far  the  differently  coloured  rays  are  concerned  in  these  effects,  has  never  yet 
been  accurately  investigated,  though  attempts  have  been  made;  but  we  hope,  from  the  distinguished  ability d* 
an  eminent  individual  who  has  recently  taken  up  this  most  interesting  inquiry,  that  our  stock  of  knowledge  wiU 
soon  receive  material  accessions, 
1 152.  We  cannot  close  this  Essay  without  an  expression  of  repfret,  that  the  Memoir  of  Professor  Airey,  on  the 

Spherical  Aberration  of  the  Eyepieces  of  Telescopes,  just  on  tlie  point  of  publication  in  the  TranmcUonM  of  iJu 
Cambridge  Philmophical  Hocitty,  reached  us  too  late  to  allow  of  our  attempting  to  condense  its  valuable  coo- 
tents,  and  we  can  only  recommend  it  to  the  notice  of  our  readers  in  Ueu  of,  and  in  preference  to,  anything  we 
could  ourselves  say  on  that  subject.  A  similar  expression  of  regret  applies  to  the  interesting  **  Theory  of  Sjv 
terns  of  Rays,*'  by  Professor  Hamilton  of  Dubhn,  a  powerful  and  elegant  piece  of  analysis,  communicated  to  the 
Royal  Irish  Academy  in  1824,  and  only  now  in  the  course  of  impression,  but  of  which  enough  has  reached  us, 
by  the  kindness  of  its  Author,  to  make  us  fully  sensible  of  the  benefit  we  might  have  derived  from  its  perusal  il 
an  earlier  period  of  our  undertaking. 


Diicoverie^ 
of  Scheele. 
Sir  W. 
Herschcl. 

Ritlcr. 


1147. 

CsLlorific, 
lujiUDoui, 

Gal  rays. 


IH%. 


Chfemical 
rays  "mt«r- 
fere  like  lu- 
miootts 
oneSp 

1149. 

WjIkHion's; 
observA- 
tioria  oti 
guiacum. 


1150. 

Effect  of 
light  ou 
purple 
glass. 

115L 
Other  ef- 
fects of  50- 
l-ir  light. 


Slough,  December  12,  1827. 


J.  F.  W.  HERSCHEL 


Aberraiion,  of  Ligbti  10.  Spherical t  for  reflected  rays,  128. 
^  Circle  of  loiist,  15  4,]  5*i.  Of  a  system  of  surfncea  for  refracted 
ravs,  281  291.  Of  a  ihin  single  leds,  2as.  Its  comparative 
amount  m  different  lenses,  SOT.  Of  lensea  j^nerally,  297.  Of 
m  system  of  (bin  leii»e>s  SOS.  Its  etFect  in  len^henimf  or 
ktaoTlenmg  focus,  289>  Gencnil  equBtions  for  iits  destruction, 
SIS,  SIS. 

Atferration,  Chromatic,  explained,  456.  Circle  of  lefist,  457, 
Principles  of  its  destructiofi,  459. 

AhMorptioH  of  Light  by  iin crystallized  media,  481  >  et  9eq,;  by 
crysiolliy.ed,  I059,^f  nf^q. 

jichromaticitt/,  general  conditions  of,,  459. 

AehromnticTt'fractitin,  i2l.  4i8.  Its  gertcmi  conditiotii*  459.  At 
cominon  surfoce  of  two  media,  478.  Produced  by  corabina- 
tions  of  one  medium,^  451. 

Achromatic  TpWfo/w?,  ibeory  of,  4^R,  et  seq* 

Adaptation  of  t lie  eye  to  different  foci,  S56, 

AmeihyHt  its  peruliar  strncture,  104  4. 

AHICI  Jiis  prismatic  teleacopt*,  453-     His  microscopes,  1 145. 

AfrtfiiUttde  of  an  undulation,  605. 

Anaicimef  pec y liar  polnrkalion  produced  by,  I1S5. 

Amalym  of  ioiar  tight  by  the  prism,  397.  406»  By  coloured 
glasses,  506.     Of  the  colours  of  tbin  plates,  614. 

Angle  of  polarixation,  8,9  L 

-*-"-^tfr^j,  leaves    triinsmiUed    through*    63L     Phenomena    of 
'  riion  through,  729,     Of  telescopes,  of  different  forms, 
,r  effect,  768. 
ApophyUite^  peculiar  rin^s  eibibited  by  its  several  vaKetiei,  915. 
918.    Baasal,   I  ISO,     Variety  called  Teasel ile,  its  slrucUire, 
1180,  USl, 
A^AAOOi  M  J  his  mode  of  measuring:  refractive  indices,  TS3.     Ilis 
law  of  pijlafization  by  oblique  iron  amission,  947.     llis  disco- 
very of  the  foiatory  phenomena  in  qoartf,  1037*     Hia  laws  of 
interference  of  polarised  rays,  917, 
Axei  dellued,  783*     Opiic,  B83.     Differ  for  differently  coloured 

rays,  92 1 .    Their  situations  calcu  lated  a  priori,  1 008. 
Axe%  of  elasticity*  1000,     Polarizinji.  Brewater^s  iheory  of  their 
composition  and  reaolutionj  1020/  Of  double  refraction,  78 K 
Positive  and  negative,  1021.  1032. 

BiOT,  M.,  his  doctrine  of  movable  pokrtzation,  928.  His 
apparaiiis  described,  929.  I  lis  researches  on  the  rotatory 
phenomufiii,  10^17.  1045.  Ilis  law  of  the  isochromatic  lines 
t n  b  iu xal  c ry  a  ta  1  s ,  90  7 .  Misrule  f o  r  de  te r  ci  i  n  ing^  the  pla  ae  s  of 
pobrization  within  biaxal  crystals,  1070. 

Bi-AiR,  Dr.,  his  achromatic  telescopes  with  duid  object  glasses, 
4T4. 

Blmdnenn,  iis  causes  and  remedies,  360. 

Bow,  coioureil  prismatic,  555,  556. 

Brb^ster,  Dr.»  his  law  uf  polarixalion  by  reflection,  SSL 
Laws  of  pt>larixattoD  by  oblique  transmission,  SB6.  His 
optical  researches  and  disco veriesi  patum*  His  theory  of 
polarizing  axes,  1020. 

JSH^A/ne«f,  intrinaie  and  abaolutey  29.  See  Pbolometry*  Of 
Imafes,  S49, 

Calorific  rays  of  the  solar  spectnim,  1 147. 

C<ur«ta,  oil  of,  ita  remarkable  refractive  and  dispersive  power's, 

in7»112K     Experiment  upon,  1192. 
CtM^acavaUcitf  or  Cmnttics  hy  rpffejeion^  1 S4,  €f  «eq.     Their  len|r»b, 

J 14.     Determination   of   from  b   p^iven  reflecting  curve,  1S7. 

GoDJu^te^  1 46.    Density  of  rays  in.  160. 
CamHct  by  refraction,  226,  ef  iwq.     Of  n  plane,  238. 
CHAUf-TtiES,  Due  de,  phenomena  obseived  by  him,  667. 
Chemical  rayt  of  the  spectrum,  1 11 6,  el  xeq. 
Chromatics,  S95.     Chromnlic  aiiprrtftifm.     See  Aberration. 
CVrci*/ar  poJariraiion,  1037,  -t  *eg.     Vibrations,  627. 
Clairaut,  his  condition  for  construction  of  achromatic  object 

glassesj  467. 


CohurM  rayt  uneqaally  abaorbed  by  media,  486. 

Cotmtred  ringit  and  fringes ,     See  Iting^s  and  Fringes. 

Coloun  of  natural  bodies  not  inhenmt,  410.  Newton's  theory 
of  such  colours,  1  I3t,  et  aeq,  01  the  prismatic  spectrum,  424. 
Of  flames,  521.  Of  thin  plates,  ^^S.  Of  thick  plates,  676. 
Of  mixed  plates,  696.     Of  lihrea  and  striated  surfaces,  700. 

ColourMf  primary,  Mayer^s  hypothesis  respectiog,  50tf.  Young's, 
518. 

Colour*  polarized  by  crystallized  plates,  884. 

Cotourx,  periodical,  f.35,  ci  xeff.    True  and  false,  I I4S. 

Compoxftion  and  resolution  of  vibrations,  620.     Of  axes,  1020. 

Ctwd,  stretched,  analogy  between  its  vibrations  and  those  of  the 
ether,  977.  980.  986. 

Comva  of  the  eye,  S50.  C^se  of  malconfonimtion  of,  remedied, 
358,  359. 

Crack  in  a  heated  gloss  plate,  its  effect  on  the  polarized  tiaU, 
1102. 

CreHeti  fringes  observed  by  G rt maid i,  728. 

CroM^  black,  travertine  ilie  polarixed  rings*  Its  form  in  uniaxal 
crystals,  911.     In  biaxnl,  i092. 

Cryxtah,  Vniajral^  enumerated,  785,  1124.  Law  of  double 
refraction  m,  795.  /iiaxa/,  table  of  the  inclinations  of  their 
axes,  1124.  Phenomena  of  the  polarized  leomiscates  ex- 
hibited hy,  892,  €i  neq.  1059,  el  s^q.  General  law  of  double 
refraction  in,  1011,*'  i^eq.  Action  of  heat  on,  1109.  Poiiiite 
atid  nepntire,  or  attractive  and  repulsive,  80S.  9  12,  How  dis- 
tinguished, 9 15, 

CryHalliged  sur facet,  their  action  on  reflected  light,  112.^. 

Crjfsiaitine  of  the  eye,  S52. 

BeJieTton  of  light.    Newton*s  doctrine  of,  7  IS, 

D^polarisation  of  lig^ht^  925. 

Depola fifing  axes,  1087. 

Deviutitm  of  a  ray  after  any  refraction  in  one  plane,  21  L  Mini- 
mum produced  by  a  prism,  216.  0(  ttjvtt  from  New too^s  scale 
in  the  polarized  rings,  915.  1 1 25. 

l%tcmintic§.     See  Caustics  by  refraction. 

Di€hrai*m,  phenomena  of,  in  tiniaxal  crystals,  1 064,  In  biazal, 
1067.     Expressed  by  an  empirical  formula,  107S. 

Dirhromatic  media,  499. 

Difraction  of  li^ht,  706,  et  ipq. 

Dilaiation  of  rings  at  oblique  incidences,  6S9.  669.  Of  the 
diffracted  fringes  by  approach  of  the  radiant  point,  711.  Of 
glass,  its  effect  in  impartin|:  the  polarizing  property,  1089.  Of 
jellies,  1091, 

Dii€9t  spurious,  of  stars,  767. 

Ditpertion  of  light,  S95,  &c. 

Dupersii^f  powers  of  media,  425  Methods  of  determining  tlieni, 
428,  4SL  4S5,  A  very  precise  practical  one  for  object  glasses. 
488.    Table  of,  1 120.     Of  higher  orders,  446. 

Dttc  de  Chaulnes,  his  experiment  on  coloured  rings,  687. 

Elmiie  forces  of  a  medium  generally  expressed,  998. 

Eh ^t ir*ty ,  a xes  o f,  1 0 00 .     Su rfa ce  of,  1 00 4 . 

/?^ipftr,  vibrations  of  ethereal  molecolcs,  62  K 

Emanation,  oblique,  law  of,  43. 

Eth*n't   its  vibrations  the  (hypothetical)   cause  of  light,  56S. 

Frequency  of  its  pulsations,  575.     See  Vnd9ikliion»» 
ETfincfmn  of  light,  484.  1 1 S8. 
Eye,  its  structure,  S50.    Change  of  focus,  S50.    Of  fishes,  S68. 

See  Vision. 

Field  nf  view,  S81 . 

n/TrtM,  interrupting,  in  crystals,  pheoomena  exhibited  by,  1078, 

ei  seg. 
fVl«of  easy  reflexion  and  transmission,  596.  651 
FiJued  iineM  in  the  spectrum  described,  418.    Tlteir  utility  m 

optical  determinations.  420. 
F/<i!ne5^  coloured, their  phenomena,  530, 
Foci,  general  determination  for  any  curve  by  reflected  rays,  109. 

112,     In  a  sphere,  13S.  250.    Conjugate,  126.    Generalinves- 
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tigalton  of,  for  r&fraGted  rajs  in  any  curved  surface,  $81.  In 
iplwnc&l  9m(ace,2S9j€t  9eq.  For  cent  rat  rays,  (fofjfia  menial 
equalioni)  2171  Of  a  system  of  spherical  surfaces,  25S  257. 
Of  a  system  of  lenst^s,  2fl8.  Of  thick  It-nsos,  272,  Of  doubly 
refractive  l^^naes^  8(>5»  For  oblii^ue  rays,  818^  eiteq^  to  3/1. 
Aplnnntic,  287.     How  conceived  in  the  undnlatofy  system,  590, 

FiiAUNHuPBii,  his  experiments  on  the  spectrum,  4 S6.  Oti  difTrac* 
lion  ond  inierferpnce,  740. 

FfiESJfEL,  his  optical  discoveries  and  researches,  patJitm.  His 
theory  of  transverse  vibralions,  &76,  Of  ibe  diffracted  fringfes 
in  shadows)  7 If*.  His  theorem  for  the  resultant  of  two  inter- 
fering-  rays,  fil3.  His  analysis  of  the  colours  seen  throuerh  a 
minute  circular  aperture,  7,11.  His  experimeots  on  the  inter- 
ference of  polarised  rays,  !:*54.  957.  His  laws  of  reHenton  of 
polarized  light.  852.  His  theory  of  double  refraction  in 
uniuxal  crystals^  989«  Jn  biaial,  ^7.  His  theory  of  circular 
polarization,  1047. 

Frinffea  diffjacUtI,  their  theory,  718,  Their  diapJacement  by 
interposition  of  a  Iransparent  plate^  7 ST.  Exterior,  7&6.  In- 
terior, 72fi.  Cofoured^  seen  between  a  prism  and  ii  plane  glass, 
641*  Between  thick  parallel  plates,  688.  Between  ^lass  ^Ima, 
695*     Produced  by  heating  a  glass  plate,  1099. 

Gloiif  fimt  and  cmirvi.  Refractive  and  dispersive  indices  of 
their  varieties.  See  Tables,  Art.  1 11  (5.  1 120.  Heated^  preemd, 
or  betiit  ii9  phenomena,  108a  1090,  1095,  Unannealed, 
1104. 

H&ai,  ita  effect  in  chang-ing  colours  of  bodies,  *>{>4.  Of  crystals, 
unequal  on  the  two  pencils,  1[p7T,  Effects  of  unequal  heat  on 
glass,  loss.  1095.  On  cryslallized  bodicSj  their  forms  and 
double  refractions,  1 109. 

Hffmitropifm,  remarkable  cases  of,  detected  by  polariicd  light, 
\\27,Hneg, 

Wofiw^iwoia  %Al»  its  properties,  600-  Purification,  412.  In- 
vulation,  503.  Leiigths  of  undulations  for  its  several  species^ 
576. 

Hvm&un  of  the  eye,  850.  554. 

HuvQEfiB,  his  law  of  velocity  of  the  extraordinary  ray  in  Iceland 
spar,  7 ST.  His  construction  for  law  of  extraordinary  refrac- 
tion, 80e.     Extended  to  biaxal  crystals,  1011. 

fceland  tpar^  phenomena  of,  polariiation  and  double  refraction 
exhibited  by,  879,  &c.  Dichroism  of,  r06».  Pyrometrical 
properties  of,  1110.     Interrupted,  phenomena  of,  1080. 

Idioct^chphanaus  crystals,  1081. 

llhtmimHhn^  formula  for  its  intensity,  44,  47,  Of  the  polarized 
rings  at  different  points  of  their  peripheries,  1071. 

Imagnf,  819.  Form  of,  820.  Rule  to  find  their  places,  3J4. 
Brightness  of, 849.     Formed  within  the  eye,  35T, 

IntommeiLmrability  of  coloured  spaces  in  the  spectrum,  441. 

Index  of  refraction,  how  determined,  206  21:*.  Wo]laaton*s 
method,  562.  Fmuohofer'a*  i^G.  Arogo  and  Fresnel's,  7S9. 
By  polarizing  an^le,  843.    Table  of  its  values,  1116. 

In(i4»t  of  tranxparenctf,  48fi. 

injiexion  of  light,  Newton's  doctrine  of,  718. 

Jtueimtif  of  lights  iia  law  of  diminution,  18.  Its  measure  in  the 
undulniory  doctrine^  5TS.  Reflected  perpendicularly,  calcu- 
lated. 592- 

Intemitxf  of  a  pobriied  beam  reflected  in  any  plane,  852.  Of 
natuml  lights  when  so  reflected,  857.  5^2.  Of  the  comple- 
mentary pencils  produced  by  double  refraction,  878.  987.  Of 
the  polarized  rings  at  any  points  of  their  periphery,  107  !. 

Inierferences  of  m^K  596,  el  teq.  Genemt  invc9Ug:ation  of,  618. 
Young^s  fundamental  experiment,  7S6.  Of  polarized  rays^  946, 
el  ieq. 

Interrupt  in  ff  films,  their  phenomena,  1078, 

Irradiation^  697. 

Ixoehromatic  lines,  906. 

Jellies,  polariscalioD  of  light  produced  by,  when  dilated  or  com- 
pressed, 1094. 

Lsoii  aetmuj  principle  of  its  use  in  optical  investigations.  536^ 
Its  general  application,  510.  Its  equivalent  in  the  undulatory 
doctrine,  588.  Application  to  the  theory  of  uniaxal  crystals, 
79U.  ' 

Lemnvicaie«f  polarixed,  surrounding  the  aies  of  biaial  crystals, 
902,     See  Hmgs,  Tints,  &c. 

£eraw,  259.     Aplanatic,  SOI.    "  Crossed,'*  S05. 

Liqufdst  rotatory,  phenomena  produced  by,  1045. 

I onmtttdinal  and  iatend  aberration,  283, 
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M  A  Lus,  his  ilieory  of  double  refraction,  >96. 805.     Hit  ditcoi 

of  polarization  of  light  by  reflexion,  822. 
M^YEM^hts  hypothesis  of  three  primary  colours,  509. 
Medkt^  dichromatic,  499. 

MetaU^  their  action  in  polacizing  light  by  reflexioD*  845. 
Microicofjex,  309.  389. 
MirscHeRLicH,  M.,  his  researches  on  the  eflecca  <kf  heal  tm 

crystals,  1 109. 
Mndijicationit  of  lig!it,  80, 
Afoieculfs.  luminous,  their  tenuity,  548,    Their  motiao  on  cbaa^ 

ing  media  investigated,  528. 

Nbwton,  his  theory  of  light,  526.    Doctrine  of  infleiioti  uH 
deflexion,  713.    Theory  of  colours  of  natural  bodies,  M 
Of  the  size  of  their  particles^  1145. 


Object  tjims^  achromatic,  its  theory,  459,  ei  feq.     GenetBl  «qi 
tton  for  destroying  its  abermtions,  465.     A  plana  ti^.,  its 
struction,  468.  '4TO,  &c.     With  separated  lenses,  4T9.    Willt 
fluid  lenses,  474. 

Oblique  incidence i  its  effect  on  the  colours  of  thin  plates,  67$. 
657.     Penciht  ih eir  foe i ,  32 1 .  32 8.     Reflexion  from  vater,  551 

Opacity,  its  cause  on  ^jewton*9  doctrine,  1188. 

Origin,  of  a  my  in  the  undulatory  doctrine,  607*  ©09, 

Periodicul  cohurt,  685,  etiteq, 

Perifniicity,  law  of,  906. 

PAasf  ofanumlulation,  fl04, 

FbvtGm«ter*t  ST.     Photomeir^^  17,  etneq* 

Pilex  of  transparent  plates,  their  phenomena  in  polariied  Ikkt 
869. 

Piaffiedrai  quartz,  its  rotatory  phenomena,  1048. 

Piatie  of  polarisation,  828.*  Its  changt)  by  reflexion,  860.  Its 
apparent  rotation  in  quartz,  &c.   1039.     Its  oscillations,  9^IS. 

Pluttts,  thin,  their  colours,  688,  et  seq.  Thick,  ditto,  676.  Wntd, 
ditto  J  696.  Crystallized,  their  phenomena^  986.  (See  Ri^s.) 
Croi»ed,  938,  939.     Suf>erposition  of,  940. 

PoissoN,  M.,  his  theorem  for  the  illumination  of  the  shadov  c^f 
a  smalt  circular  disc,  and  the  colours  seen  through  a  minotf 
aperture,  734,  His  invejitigation  of  the  intensity  of  reflected 
light,  592. 

Potari^cUion  of  light  generally,  814,  el  leq.  Modes  of  effcctiofi 
819.  Characters  of  a  polarized  ray,  820-  By  reflexion,  (S3, 
ft  Beq.  Partial,  847.  By  several  reflexions  in  one  plane,  S4f. 
By  refraction,  863.  By  several  oblique  transmissioos,  861 
8C6.  By  double  refraction,  873.  jlfocab^,  Biot's  doctrine uC 
928.  Explained  on  the  undulatory  doctrine,  993.  Its  prind- 
ples  applied  to  the  phenomena  of  biasal  crystals,  107). 
Circtdar^  i  ts  c  ha  ra  c  ters,  1 01 9.  I ]  o w  effected,  1055.  Plant  ^, 
its  position  in  the  interior  of  biaxal  crystals,  lOTO.  Of  A^ 
light,  1143. 

Poiarixed  ringn,  surround  ir!g  the  optic  axes  of  crystals,  mode  of 
viewing,  892,  el  *eq.  Their  form  in  general,  902.  In  Qoisul 
crystals,  911.  Dependence  of  their  tints  on  law  of  inierfeie8e«ik 
9 1 2.  Primary  and  com  plementary  sets  of,  926,  Explaiaed  « 
hypothesis  of  movable  polarization,  981.  On  undulstoiy 
hypothesis,  969. 

Poiarizing  angle,  Brew  sterns  law  for  determining,  831,  Itsoiasi 
a  physical  character,  1 128 

Polarizing  energy,  a  physical  character,  1 126. 

Polei  of  lemniscatei,  9o'».     Virtual,  in  biaxal  crystals, 924. 

Poller  of  a  lens,  268.  Of  a  lyatem  of  spherical  surfaces,  !T0, 
Magnifying,  ST4.  SuperposiiioQ  of  powers,  law  of  in  leOKi, 
268. 

PretMure,  its  effect  in  communicating  the  property  of  polaria- 
tion,  106T.  r     r-  J       i~ 

Principle  of  least  action  applied  to  double  refraction,  790.  Oi 
swiftest  propagation,  588. 

Prism  y  formulte  for  refracrion  through,  198,  eiweq.  Of  rariabls 
refracting  angle,  481,  432.  Analysis  of  light  by, 897.  Tele- 
scopes composed  of  prisms,  458.    Coloured  bow  seeo  in,  555. 

Propagation  of  light,  5.  Oersted's  hypothesis  for,  595.  Lav  of 
swirteti,  588.     Of  waves  along  canals,  600. 

Punctum  CiBcum  in  the  eye,  366. 

Quarts,  right  and  left-handed,  1041.  Rotatory  phenomena  tt, 
1087.  Double  refraction  of  along  its  axis,  1048.  Plagiedral,  its 
phenomena,  1049. 

Radiation  of  light,  5,  el  ieq.    lis  law,  72.     Explained  on  aodii- 

latory  doctrine,  578. 
Ratfi^  calo rifle,  luminoun,  and  chemical,  1 1 47.     Similar  and  dts* 
similar,  606.    Their  origins,  607.     Interfering,  their  resuluot, 
61 1 .    PolariTEed,  their  charactersj  8*0. 
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R^Jlectintf  foi^cet^  ttuek  iniensiiv,  5€1.     Di^iribulion,  5S0|  ti  teq, 

^   H^t*riont  law  ofi  88.     General  forrrnjltp  lar,  at  plane  surfaces,  99. 

Al  curved  surface*,  1<J8»  h)9.     Between  any  By»t*fn»of  Bpherical 

surfaces,  301,      Internal  loial,    181.   550.' 55*.     ModiMcotion 

irnpreued  on  li^ht  by  two  such,  1056.     Al  common  surface  of 

two  media,  5  47.     Parlitil,  eiplaini'H   on  Newton's  principle9;> 

Si  i.     Rekctilar  al  raui^h  or  artiliciiilly   poli>iied  surface!  ex- 

piainedj  557,  558.     How  conceived  in  the  yudulatory  dottrine, 

58 1.     Al  the  surfaces  otcryatalA,  1 1  'i2t.     Of  potaritetl  lighl^  k* 

laws,  B\9,  ef  *pq 

Refrtu'tion^  by  itncrvstalliiteti  media,  171*  #/ *^/j.    Its   la^v,  189. 

General  formulae  for,  at  plane  surfaces,  198.     Throui^h  prismt, 

'^03.  211.     At  curved  su  rtiaces,  220,  ft  &eq.     At  common  surface 

of  iwo  media,  183.     Coiourless.  a  case  of,  478.     Regular,  at 

artilicially  polished  surfaces,  explained,  559,    Account  of  in 

unilulatory  iheorv.  586.595.  628. 

RtrftGdiotif  dfiiihhJilQ,  e*  »eq.    By  what  hcniiet  produced,  780. 

its  law  in  yniaxal  crystals,  THS.SdO.     Produced  by  rock  crystal 

^         alonji;^  tls  aiid^  10  1^^     By  compressed  and  dilated  glass,  1107. 

^^H  In  uoiaxal  crytiala^  explained  on  undulatory  doctrine,  989.     In 

^^Hbiaial,  its  gerteril  laws,  jOl  I.  1014,    ilrdinury  and  exiraordi- 

^^^Wry,  relation  of  the  two  pencils,  875. 

tit^acttRfj  forc^ff  tlieir  intensity  and  extent,  56  J , 
R^frartive  fMwer,  intrinsic,  535.    Table  of  iti  values  in  different 
mediOf  1118.    ln  connection  with  ihcir  chemical  composition, 
tilt. 
RefrtMclire  iwUrf  how  measured.  5ee Index.    Table  of  its  values 
for  dilTeri-nt  media,  1116      For  ditle rent  homogeneous  mys, 
437. 
Rrfrnnqihifity  of  different  rays.     See  Cliromatici,  Colours,  &c, 
RefultfMHt  nil  iwo  interlering  vibrations,  61 1.     Of  rays  oppositely 

pobrizf*d,  9SV. 
Retina ,  i^ 5 5 .     Ho w  affected  by  v  i bral i on s  of  et her,  5 67 . 
Ringg,  coUjured»  seen  belHet-n  convex  pi^lasses,  their  colours,  PS5. 
Breadths,  ri57,     Tur  dilferent  homogeneous  ra>s,  nil.    Their 
analysis    and  synthesis,  611,    6iS.      Transmiiled,  658.     Ex- 
platmii  on  the  undulatory  theory,  C60     On  the  Newtonian, 
655.     Sren  nhout  the  imaf/fx  of  ttnrs  in  teietcnpet^  766.     Seen 
nhtitt  the  poU'S  of  th*  ofnic  ojrei  in  cty^tah^  ^*J2^  900.     ijnw  *A 
Iheir  intensily  in  diil event  points  oj  iheir  circymference,  I07K 
ry  phrnometiti  of  rock  crystal  and    liquids,    103^8.  10 tO. 
Ixpbtni'd  on  the  un<itjlaiory  doctriFiei  1057, 


SprBECK»  Dt,,  his  discovery  of  the  rotattiry  prtPfK?rly  in  liquids, 

iOl.5.    Of    the  effcctit  of  heat  in  imparting  polarization  to 

jrhias,  1083. 
Si^ioiu,  principal,  of  a  crystallized  plate,  888. 
Soap  bubbI*'»,c(Aom»  reflected  by,  619, 

Soinr  light,  ita  analysts  by  the  prism,  .'^97.     Us  peculiar  cha- 
racters and  spectrum,  1 19. 
SpectTHm,  prismatic,  3j7.    Fixeff  lines  in,  118  ;  secondary,  4J9  ; 

tertiary,   446.      Its  disiorliofi   at   extreme   incidences,    i^ ; 

wibordinate,  1*;?.    Of  first  class,  760  ;  of  aeeond  claas,  746 1 

f>f  Ihird  class,  761. 
^^hermd  of  double  refraction   in   uniaxal   crystals,  789.      In 

hiatal,  10  IS. 
SptuTometer,  till. 

StatM,  their  spurious  di.scs  and  rings,  766,  et  veq, 
Statuejj  musical  sounds  produced  by  certain,  a  probable  expla^ 

nation  of»  1103. 
S^riirit  of  solids,  ascertained  by  their  polarized  tints,  1090.  State 

of,  in  unequally  heated  gliM  plates  1 098, 
Sulphate  of  copper  and  poteMh^  a  iinj^ular  property  of,  1111,     Of 

£rme,  aciion  of  heat  in  a  Iter  in;^  us  optical  properties,  1112. 

Of  potmh,  singular  structure  of  its  crystals,  1 13!?, 

Table  of  media  in  their  order  of  action  in  green  light,  I  IS.  Of 
dispersive  powers  of  first  and  second  order  on  a  uater  »cale, 
447.  Of  the  lengths  of  undulations  *jf  the  several  homoge- 
oeoas  rays,  575,  756.  Of  *be  maxima  and  minima  of  the  ei- 
lerior  fringt^s  of  shadows,  729.     Of  colours  seen  by  a  person 


of  defective  vision,  507,  Ot  colours  seen  by  diifmciion 
through  a  circular  hole,  7$i>.  Of  the  dimensions  of  the 
lemniscates  in  mica,  908.  Of  crystals  whose  optic  axes  difler 
for  different  rays,  (Brews  er.)94S.  Of  the  angleit  ofioiation  of 
the  several  homogeneous  rays,  1040.  Of  refractive  indicia, 
(ifene.ral,)  1116.  Of  refractive  indices  for  seven  definite  rays, 
(Fraunbofer,)  IS7.  Of  intrinsic  refractive  powers,  1 1 18.  Of 
dispersive  powers,  (general,)  1 120.  Of  angles  between  the 
optic  axes  of  various  crystals,  1124.  Of  polariring^  powers^ 
1136. 

Teiescoftpi,  379,  Astronomical,  380.  Galilean.  880.  Ilersche* 
Han,  390,  Newtonian,  391.  Prisffialic,  45?{,  Achromatic, 
(see  Achroninlic  ) 

TefKeliit;  its  sinirular  structure,  I  ISO,  I  l,<tl . 

Thi'oriex  of  lights  Newtonian,  526,     Umlulatorvi  56.^,  et  seq* 

Thick  plates,  cofoiirs  of,  676,  el  *ey.  Explained  on  undulatory 
system,  678. 

T/tm  plates,  colours  of,  633,  et  teq.  Newton's  explanation  of 
thf  111,  6-11. 

T§ntt  it&  numerical  measure,  906. 

Tint*  of  coloured  media,  vary  with  o  change  of  thickness^  495. 
Of  transmitted  rings  expressed  atgebiaically,  C63.  667.  Of 
crystallised  plates,  their  law,  886.  906,  Their  deiiendence  on 
the  thickness  of  the  plate,  905.  Tbeirdevbiion  from  Newton's 
scale,  915.  Singular  succession  of,  exhibited  by  Vesuvian, 
1 125.    Of  circular  polarization,  1655, 

Tratisfjarenry^  on  what  depending,  I  142.  Index  of,  486.  Of 
o  1 1  ed  (ja  fH'  I .  ik  c .  5 19. 

TourmatittefM^  property  of  polarixed  light,  817.  Of  absorbing 
one  j*encil,  lOCii, 

Tyjoe,  of  the  colour  of  a  medium,  490.  Instanced  in  varioui 
cases,  4 98. 

Vliimate  tint  of  an  absorptive  medium,  494, 

VnatmeQlvil  qlaa^  its  optical   prof>erties,   1 101. 

Undtdatiom  of  ether,  574.  Their  lengths  for  homogeneous  rays, 
575.  756.  Their  phases,  604.  Amplitudes,  605.  Propaga- 
tion in  spheroidal  surfaces,  80 1, 

Untluiathn,  half  an,  allowance  for  cases  when  retjuired,  96G- 
672.717,     Kresnel's  rule  for,  972.     Explained,  <^ //noH,  98S' 

fV^ci/y  of  lik^hi  0.  IS.  Of  etherial  undulation,  564.  Of  plane 
waves  within  crystals,  1005.  1012.  Of  ordinary  and extraordi- 
nary  ray  on  lluyu'enian  hvpotbesis,  787.  Of  luminiferous 
waves  and  of  rays,  distinguished,  815. 

ff'suvianf  its  remarkable  inverted  scale  of  tints,  1125. 

iibrationt  of  ether,  reclilinear,  their  laws,  569,  Resultant  of 
two  interfering,  RM .  Their  composition  and  resolution,  620 , 
|»aructjlar  cases,  62 L     Elliptic,  621.     Circular,  627. 

VibraHtm^  its  effect  in  imparting  polarixing  power  to  glass,  1093. 

i isititif  350.     Single,  with  two   eyes,  »61.     Doyble,   361.  363. 
Hesiomtion  of  alan  advanced  age,  860.    Through  lenses,  &c. 
376.     Of  persons  who  see  only  two  colours,  507,     Obli4|UQ 
tliruugb  refracting  or  reflecting  surCiices,  341. 
Visual  angle,  376. 

JVitt€}\  its  indices  of  refraction  for  seven  definite  rays,  437.  Its 
spectrum,  4.18. 

IVates  of  light  exptatned,  573.  Srcmuiartft  583  ;  their  mutual 
destruction,  628,  Transmitted  through  apertures, 631.  Plane, 
their  velocity  and  direction  in  crvBtals  investigated,  1012, 
Curved,  the  general  equation  of  their* surface  in  biaxal  crystals, 
1013, 

WoLLASTOR,  Dr.,  his  determinations  of  refractive  indices,  1115. 
His  researches  on  double  refraction  of  Iceland  s[»Hr,  780.  On 
the  r:hemical  rays,  1147.  Discovery  of  the  HxeJ  lines  in  the 
spectrum,  418. 

Yql'sc,  Dr.j  Ilia  law  of  inJerference.  See  Inieifeiences.  Hit 
analogy  between  the  vibrations  of  ether,  and  those  of  a  tended 
cord,  977.    His  optical  discoveries  and  invc«tigations,p^jtfim 
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ERRATA  ET  CORRIGENDA. 

N  B.  The  reader  it  requested  to  correct  in  advance  the  followiiig  Elrrata,  and  to  strike  out  the  patngea  here  referred  to 

Page,  Line,  Error,                                             Correction, 

J       841,  80,  eiistences,  eiistence. 

do.  31,  more,  most. 

847,  9,  line,  sine. 

849,  26,  as  the  sun's  surface,  at  the  sun*s  surfece 

2a.  I 


5  from  bott. 


y" 


2/.1  2/.L   I 

899,  47,  axis,  axes. 

400,  15,  act,  art. 

401,  15,  PE,  PC. 

402,  SO,  R,  R0/>,  P,  POp. 
do.                     85,                      p,  Q. 

410,  22  from  bolt,     de/e  "  see  Micrometer,  in  a  subsequent  part  of  this  Article.' 

414,  44,  de/e  "  by  the  writer  of  these  pages." 

415,  8  from  bott.      by  water,  into  water. 

420,  80,  tpectra  of  dittortion,  subordinate  spectra. 

428,  17,  secondary,  second. 

481,  88,  Rr,  Vr,  RR,  VV. 

do.  86,  RNV,  R'NV. 

484,  27,  from  experiments,  from  other  experiments. 

454,  28,  PB,  PQ.orAB,  P  B  -  P  Q,  or  A  B. 

461,  11  from  bott.      two  vibrations,  two  rectangular  vibrations. 

476.  14  from  bott      deie  a\\  that  relates  to  the  fringes  on  the  wmgs  of  the  PapUio  /dot,  being  founded 

on  a  mistake. 

480,  82,  limits,  limit. 

509,  88,  fails,  falls. 

521,  1,  produce,  to  produce. 

524,        margin.  Art.  925,  polarization,  depolarization. 

528,  22,  positive  class,  attractive  class. 

581,  16,  add  as  follows: — With  respect  to  this  third  law,  however,  it  must  be  confessed  that  it  appean 

to  require  a  stricter  examination,  as,  if  admitted  in  its  fuM  extent,  it  seems 
to  controvert  the  fundamental  principles  of  the  doctrine  of  interference 

564,  19,     dele  what  is  said  about  the  nodal  lines. 

560,  82  from  bott.      after  disprove  it,  inxHrt  as  foUovos:   Instead  of  the  expression  (6,)  Art.  1078^  we 

might  otherwise  assume 
T  =  ( Y  .  cos  2  ^*  +  B  .  sin  2  ^0  •  (y  •  cos  »*  +  6 .  sin  »p, 
and  determining  the  coefficients  accordingly,  obtain  another  expression  for  the  tint 


CHEMISTRY. 


Hiilory  of 
Alchemy. 


Cbemiitry.  within  the  last  ten  years  been  made  iJ]>on  the  most 
powerful  of  the  vegetable  tribe  in  the  Materia  Medica^ 
and  from  these  it  would  seem  that  it  is  poi^sible,  in  very 
many  cases,  to  separate  the  active  medical  principle 
from  tlie  ligneous  and  inert  matter  by  which  Jt  is 
accompanied,  and  to  present  it  in  a  pure  crystalline 
form.  By  this  process  two  objects  of  considerable  im- 
portance are  iittaiiied  :  the  one»  that  the  woody  matter 
which  (as  in  the  case  of  bark)  frequently  disordered  the 
stomach,  is  f^ot  rid  of:  and  the  other  that  the  uncer- 
tainty as  to  the  streno^h  of  dose,  which  in  vegetable 
substances  varied  i^reatly,  is  altog-ether  obviated.  There 
are  also  other  minor  advantages  of  portability,  &c. ; 
which  are  by  no  means  unworthy  of  attention  in  a 
question  of  such  extensive  public  importance. 

Chemistry,  according  to  the  definition  we  have  given 
to  it,  is  but  a  Science  of  very  recent  introdyction;  it 
can  scarcely  be  said  to  have  existed  two  hundred  years. 
But  it  has  been  usual  to  connect  its  History  with  that 
of  another  Science*  possessed  of  considerable  similarity 
in  many  of  its  procei5ses  ;  thougfh  ditferinp:  witlely  in 
the  objects  at  which  its  professors  aimed.  Every  labour 
of  the  Alchemist  and  all  his  infT'enuity  was  directed 
towards  one  or  other  of  the  following  objects  r  the 
transmutation  of  the  baser  metals  into  gold  ;  or  the 
preparation  of  an  universal  medicine,  which  should 
arrest  the  progress  of  all  disorders  incident  to  the 
human  frame;  and  thus  prolong  the  life  of  the  success- 
ful adept  to  an  indefinite  period  of  duration.  Of  the 
labours  of  the  Alchemists  there  are  abundant  records 
remaining.  Numerous  manuscripts  yet  exist  in  exten- 
sive Libraries,  especially  in  those  of  Paris  and  Leyden* 
written  in  Arabic,  in  Greek,  in  Latin,  as  well  as  in  the 
languages  of  modern  Europe.  Besides  this,  the  Press 
poured  forth  its  thousands  of  volumes  of  this  descrip- 
tion during  the  XVIth  and  XVIlth  centuries:  and,  by 
way  of  oHering  some  idea  of  the  prolific  industry  of 
these  authors*  we  may  mention  that  Petrus  Bore!lus  has 
given  a  catalogue  of  more  than  four  thousand  such 
publications  up  to  the  year  16n4.  It  is  to  be  remarked* 
however,  that  in  this  catalogue  he  has  jidmitted  the 
names  of  many  Alchemists  whose  works  have  never 
been  published,  and  perhaps  nevercommitted  to  paper: 
but,  on  the  other  hand,  the  list  might  be  greatly  in* 
creased  by  names  which  he  has  omitted,  or  which  had 
not  appeared  at  the  time  of  his  puhlication.*  The 
writin<rs  of  the  Alchemists*  though  not  altogether 
wnworthy  of  perusal,  are  of  very  various  degrees  of 
merit.  In  some  we  may  tmce  the  hold  impostor^  who 
came  forward  declaring  that  he  possessed  powers  and 
secrets  which  he  must  have  known  that  he  had  not ; 
and  who  attempted  to  make  a  gain  of  the  credulity  of 
others,  when,  had  he  really  been  aljle  to  effect  the  opus 
ma^mtm^  far  otlier  evidences  would  have  been  brought 
foiward  than  a  mere  appeal  to  the  liberality  of  others 
to  supply  the  fire  of  his  furnaces.  In  others  we  find 
only  the  patient,  mindless  plodding  of  those  who  en- 
deavoured to  follow  instructions"  of  such  studied 
obscurity,  that  at  each  successive  fiiilure  the  unhappy 
Alchemist  only  thought  that  he  had  misunderstood  the 
directions  of  his  master;  and  never  suspected  the 
knowledge  or  sincerity  of  the  guide  he  was  blindly  fol- 
lowing.     In  this  crowd  of  writers  there  are,  indeed,  a 

•  Upon  the  best  estimate  Ihat  we  can  form,  the  Alchemistical 
Aothoi*  amotiQt  to  about  od«  thousand ;  uid  their  Treatises  to  about 
tbiie«  tiinei  tbat  number. 
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few  deserving  higher  estimation,  men  who  worked  ia^ 
dnstrtously  and  described  faithfully  their  attempts,  their 
failures,  and  consetjuent  disapiJointments,  Had  the 
labours  of  this  class  been  guided  by  any  thing  like 
iiiductive  reasoning,  or  had  they  even  studied  to  raij 
the  substances  upon  which  they  opemled,  as  iedv^l 
lously  as  they  did  to  vary  the  mode  of  their  operatioiiH 
and  the  forms  of  their  apparatus,  we  might  even  now 
look  hack  to  their  writings  for  experimeoti  iso- 
lated, indeed,  and  devoid  of  order;  but  still  valuable 
as  recorded  facts*  Instead  of  this,  however,  the  veiy 
best  of  I  hem  went  on  torturing  the  same  vessel  of 
quicksilver,  with  precisely  the  same  operation  ffity 
times  repeated:  and  subjected  the  same  portion  of 
spirit  of  wine  to  three  hundred  consecutive  distitlationf 
Can  we  wonder  then  that  the  latest  Alchemist^  as 
gidly  persevered  to  walk  in  the  steps  of  his  predec^ 
should  in  reality  be  as  far  from  having  any  true 
mical  knowledge  of  the  constitution  of  nature  as  Geber 
or  even  Hermes  himself.  It  would  appear,  further,  ^ 
much  as  the  Alchemists  professed  to  reveal  of  their 
Arcana,  each  one  was  unwilling  to  put  the  rest  of  tlie 
world  in  full  possess^ion  of  any  thing  of  value  at  which 
he  might  have  arrived*  This  might  in  part  aii^e 
from  a  desire  which  many  of  them  obviously  po^ 
sessed  of  indtictng  a  general  belief  in  the  eiijie- 
riority  of  their  own  individual  attainments  Thai 
Roger  Bacon,  a  man  secotid  to  tio  one  uf  his  d»r 
in  all  that  then  constituted  learning,  and  of  coosiim 
mate  ability,  yet  when  he  describes  (as  we  fiiUy  think 
he  does  describe)  the  preparation  of  gunpowder,  lUUDtf 
at  once  the  salh  peirm  et  sulphuris,  but  conceals  tiie 
remaining  ingredient,  the  carbonum  pulvere^  under  tbe 
anagram  of  luru  mone  cap  urbrc. 

We  may  smile  at  the  pertinacity  with  which  tbe  Al* 
chemist  pursued  his  lengthy  processes  of  cobobalioi 
and  digestion,  through  wearisome  days  and  sleefileil 
nights,  wasting  his  money  and  wearing  out  his  vessels 
with  perpetual  fires:  and,  perhaps,  it  is  lawful  to  ex* 
press  some  little  surprise  that  the  repeated  failure  of  hii 
hopes,  and  the  evidence  of  his  own  experimental  facts, 
did  not  force  upon  him  this  obvious  truth ;  tliat  tin 
thing  he  sought  was  impossible  or  impracticable  But 
in  his  defence  he  it  said  that  he  had  abundaucse  of  at- 
testation that  others  had  actually  succeeded  in  the 
process  of  transmutation ;  and  the  studied  obscurity  to 
which  all  the  instrtictions  of  the  most  celebrated  adepti 
were  enveloped,  might  always  leave  him  in  doubt  wbe* 
t^ier  his  failures  were  not  chargeable  to  his  own  misafh 
prehension.  Besides,  there  were,  in  favour  of  tbe 
possibility  of  transmutation,  some  simple  aud  well 
known  experiments  which  had  wonderfully  the  sem- 
blance of  such  an  operation.  Such,  for  instance,  is  tin 
precipitation  produced  by  dipping  a  polished  iron  tud 
into  a  solution  of  a  salt  of  copper. 

Many  adepts  professed  to  have  obtained  thm  «eetil 
of  metallic  transmutation,  and,  by  the  help  of  good 
legerdemain,  some  w  ell  attested  instances  of  thelf  suc- 
cessful operations  are  on  record.  Few,  however,  were 
like  Paracelsus,  bold  enough  to  profess  to  have  ftwJiwl 
out  the  Elimr  of  Life,  the  Universal  Medicine.  It  it 
needless  to  say  that  these  few  gave  rather  an  uii&voitf- 
able  attestation  to  their  roguery  or  credulity,  by  suIk 
mitting,  like  their  neighbours,  to  tbe  common  lot  of 
mortahty.  Yet  even  these  were  not  quite  without  i 
reason  in  their  folly ;  for,  in  the  first  place,  the  operv 
tions  of  Chemistry  had,   recently^  so  prepared  soim 
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rjr*  metallic  bodies,  as  to  render  their  effects  little  short  of 
^  iniracylous  in  arresting-  the  progress  of  disease ;  there- 
fore they  might  well  hope  to  see  still  orreater  effects 
producetl  by  further  investipfatioiis.  And,  as  to  the 
question  of  the  duration  of  life,  there  are  some,  even 
vrhile  we  now  write,  who  seem  to  think  that  "the  disease 
of  death"  is  one  which,  by  a  proper  combination  of  cir- 
cumstances, mig-ht  be  altogether  avoided. 

AipCHEMY  is  generally  considered  the  parent  of  Che- 
mistry. We  have  shown,  however,  that  the  objects  of 
I  he  two  Sciences  differed  considerably  from  each  other  : 
and  we  are  inclined  to  believe  that  CuEMisraY  would 
have  sprung  into  existence  much  about  the  lime  that  it 
did  so»  even  had  Alchemy  never  been  practised*  That 
spirit  of  invest  illation,  which  spread  it^  active  energ^ies 
Ihronghont  Europe  early  in  the  XVI I th  century,  must, 
we  think,  speedily  have  demaiicled  and  created  for  itself 
the  exercise  of  those  investigations  which  we  now  call 
Chemical-  However,  be  this  as  it  may,  the  Chemists 
found  the  instruments  of  the  Alchemists  ready  tilted  to 
their  hands ;  they  found  also  some  useful  facts  recorded, 
though  these  were,  in  numbrr,  by  no  means  equivalent 
to  the  labours,  and  the  lime,  that  had  been  expended  In 
amassing  them.  At  tht^  dawn  of  Chemical  Science,  the 
wisest  among  the  Alchemists,  quitting  their  ancient 
chimerical  pursuits,  embarked  in  the  legitimate  pro- 
cesses of  experimental  Chemistry »  Hence  the  one 
Science  seems  to  have  arisen  out  of  the  ashes  of  the 
other;  and  the  Histories  of  Alchemy  and  Chemistry 
flow  on  in  one  continuous  stream.  There  have,  it  is 
true,  been  at  all  limes,  and  there  did,  very  recently,  if 
there  do  not  now  exist,  in  this  Country,  genuine  disci- 
ples of  the  old  Alchemical  school,  retaining  processes 
and  reasonings  altogether  distinct  from  those  of  modern 
Chemistry,,  but  with  these  we  have  not  time  now  to 
amuse  ourselves. 

History  of  AlcheTny, 

From  these  general  remarks^  we  proceed  to  a  very 
short  outline  of  the  History  of  these  two  Sciences,  We 
could,  indeed,  with  pleasure,  enter  upon  the  neglected 
reveries  of  the  Alchemists  as  a  matter  of  amusement; 
and  many  a  choice  and  quaint  passage  coukl  we  adduce 
from  their  writings  ;  but  this  would,  we  fear»  be  offering 
amusement  without  instruction ;  and,  therefore,  we  shall 
pursue  it  only  to  a  limited  extent.  With  regard  to  the 
Chemists,  it  would  be  equally  interesting  and  far  more 
instructive  were  we  to  bring  each  in  chronological  re- 
view before  us.  Taking  their  published  Works,  we 
xnig-ht,  as  it  were,  cause  them  to  live  over  again,  and 
observe  the  industry  of  one,  the  acute  reasoning  and 
welUdirectett  research  of  another ;  or,  with  llie  aid  of 
modem  powers,  we  should  frequently  perceive  how 
sUghl  has  been  the  interval  between  some  ancient  ex- 
periment and  some  important  fact  which  remained  to 
reward  the  more  recent  Chemist  with  a  brilliant  dis- 
covery. But  even  tliis  project  we  must,  in  a  great 
measure,  abandon  for  the  purpose  of  devoting  all  the 
space  which  can  be  allotted  to  us^  to  a  condensed  state- 
ment of  those  observed  facts,  and  a  description  of  those 
iDodes  of  experiment,  aji  acquaintance  with  which  con- 
stitutes Chemical  Science. 

If  we  look  to  the  Alchendsts  for  the  early  History  of 
their  own  Scitnce,  we  shall  find  that  it  is  carried  up  to 
the  most  remote  antiquity.  Though  the  ancient  Al- 
chemical writers  have  said  nothing  satisfactory  aa  to 


the  origin  of  their  craft,  Borrichms,  and  later  authors,    Hisioriciil 
who  felt  that  many  of  the  processes  of  the  artificer  were    tntroduc- 
dependent  upon  Chemical  agencies,  thence  inferred  that       ^^*^°' 
they  were  the  result  of  Chemical  knowledge.     On  these  ^""^^v^*^ 
grounds.  Tubal  Cain,  the  first  artificer  in  iron  and  brass.  Tubal  Cain, 
has  been  considered  the  falher  of  Metallurgic  Chemistry* 
There  is  also  a  story  in  Vossins  which  was  believed  by 
TertuOian,  tiiat  the  knowledge  of  Chemical  Principles 
ivas  among  the  gifts  bestowed  by  the  Angels  who  were 
led  from  heaven  by  the  beauty  of  the  daughters  of  the 
earth.     Others,  more  moderate,  deem  Noah  the  first  Noah* 
Chemist,  because  he  is  said  to  liave  discovered  the  art 
of  making  wine.     Ham,  the  son  of  Noah,  and  his  de- 
scendants, to  whom  the  Arts  and  Sciences  seem  to  have 
been  a  heritage,  are  thus  celebrated    by  some.      Du 
Fresnoy,  for  instance,   says,  Si  Mesraim  JiL^  de  Cham 
iieTerca  pas  hi-meme  la  Chimie,  Von  croit  du  mains 
qu'il  la  jfit  ejrercer  par  son  Jik  ahw  Thaut  ou  AthoiiM^ 
nomine  auasi  Herme.%  ou  Mercuret  que  devint  Roi  dc 
Th ebes,  Cham  po rta  do nc,  vra isan bla blrmen U  c^ite  science 
en  Egypie,  ou  du  moinit  son  ^Is  Mesrahn,  et  c'eU  deltl 
que  nous  la  vo'^omse  re  pan  d  re  dans  f'univers. 

El  sur  ce  que  Noh  a  tu  des  eufans  a  fa^e  de  500  ans^ 
je  ue  dirai  pas  comme  a  fait  Vincent  de  BauvaL%  que  k 
sainte  Patriarche  a  pratique  Itii-jnerne  la  Chimie  la 
plus parfaile,  et  qu'il  a  eu  la  Medecine  universelle^  qui  est 
la  partie  la  plus  sublime  de  la  PMlosophie  Hermetiqu^ : 
a  suffit  de  lu  donuer  a  Cham,  on  d  ses  descendam,  qui  lu 
cid liver ent  en  E^i/pte,  aeec  beauooup  dtauires  sciences 
inconjuies  au  reste  de  rhumanile,  Et  si  ton  pouvait 
croire  que  Vouvrage,  rapport e  dans  les  MSS.  Grecs  de 
cetfe  science  sous  te  nom  d*Im,  fut  decette  Princesse^  on 
seroit  assure  de  tautiqutte  de  la  Pkilosophie  en  Egypte^ 
puisque  elie  etoit  tepouse  d* Osiris^  qui  est  h  mewie  que 
Mezraim :  ainsi  la  pratique  de  la  Science  Hertnhtique 
par  oft  remonter  a  plusde  2bsiecl€s  avant  tEre  vulgaire, 
Mais  je  ne  porie  pas  si  loin  ma  pretention.  II  suffit 
done  de  la  rapporter  d  HermcH  ou  Mercure  sur  nom  mi 
Trismegiste."     {HisL  de  la  PkiL  HermeL  p.  9.) 

M.  Dupin  also  asserts,  that  **  several  Jews  have  forged 
books  which  they  have  fathered  u]>on  the  Patriarchs : 
such,  for  inslancCj  as  the  book  entitled  The  Generations 
and  Creations  of  Adam.  It  was  a  common  opinion 
among  ihem,  that  Adam  composed  a  treatise  concern- 
ing the  Philusopher's  stone  :  and  there  is  a  book  of 
Magic  which  is  thus  attributed  to  Cham,  of  which  Cas- 
sius  makes  mention/'     (Eecles,  Hist,  fob  ed.  p.  27.) 

We  advance  then  to  the  second  Hermes,  surnamed  HiMtne* 
Trismegistus :  a  personage  who  has  always  been  re-  Trisme- 
garded  with  peculiar  veneration  by  Alchemists  of  every  E^^^^*' 
subsequent  Age,  Siphoas,  king  of  Thebes  and  Mem- 
phis, who  lived  about  two  thousand  years  (his  reign 
commenced,  according  to  Du  Fresnoy,  e.  c.  1996)  before 
the  Christian  sera,  was  celebrated  for  great  attainments 
in  the  Arts  and  Sciences;  known  to  the  Greeks  by  tlje 
name  of  Hermes  (Mcrcurius)  Trismegistus,  and  gene- 
rally considered  the  founder  of  A  khemica!  Science^  which 
thence  haa  been  frequently  termed  the  Hermetic  Art. 
Tertullian  styles  him  Pk^/sicorum  Magister,  Some 
Treatises,  attributed  to  him,  have  been  published,  and 
more  yet  remain  in  manuscript ;  but  it  is  the  general 
belief  that  not  one  of  these  is  the  genuine  work  of 
Siphoas. 

From  Egypt,  then,  it  is  really  probable  that  the  Fler-  M{>d«t. 

metic  Philosophy  might   pass  to  the  Israelites,   and 

Moses  has  been  claimed  as  an  adept,  because  he   is 

recorded  to  have  been  skilled  in  all  the  learning  of  the 
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•try  Egryptians.     The  Greeks  also  derived  their  knowledge 

•■^  from  the  same  source ;  and,  passing  by  the  names  of 

^'        Sophar  the  Persian,  and  Ostanes  the  Mede,  who  lived 

jcrilui.  ^^  *^®  *^"™®  ^^  Xerxes,  we  arrive  at  Democritus  the 

Greek  Philosopher,  who  lived  in  the  Vth  century  before 

Christ.  There  are  several  manuscript  copies  of  a  Treatise 

in  Greek,  attributed  tc  this  author,  which  Treatise  has 

been  printed,  together  with  an  ancient  Commentary  by 

Synesius,  Bishop  of  Ptolemais. 

Of  Comarius  or  Comanus,  an  Egryptian  Priest,  there 
is  a  MS.  treatise  on  Alchemy  in  Greek.  He  lived  about 
50  B.  c.  and  is  said  to  have  instructed  Cleopatra  in  the 
Hermetic  Science.  There  exist  also  Treatises  which 
pretend  to  have  been  written  by  this  queen,  and  the 
solution  of  a  pearl  to  form  a  costly  potion,  is  adduced 
as  a  proof  of  her  Philosophical  attainments. 

The  Hermetic  Science  had  passed  into  Rome  also. 
Caligula.      Pliny  informs  us  (lib.  xxxiii.  cnp.  4.)  that  Caligula  at- 
tempted transmutation  on  a  large  scale :  et  plane  fecit 
aurum  exccUens^  sed  Ha  parvi  pondcris,  ut  deirimenium 
Bentiret 

Some  check  was,  at  length,  given  to  the  pursuits  of 
Alchemy  in  Eg}'pt ;  for  we  are  informed  that  Diocletian, 
A.  D.  284,  caused  the  Hermetic  writings  of  the  Egyptians 
to  be  collected  and  burned :  supposing  that  it  was  by 
means  of  the  gold  thus  fabricated,  that  they  were  enabled 
to  procure  supplies  during  their  rebellions  against  his 
government.  If  any  manuscripts  of  importance  escaped 
n-om  this  search,  it  is  probable  that  they  subsequently 
perished  with  the  thousands  of  others  destroyed  at  the 
taking  of  Alexandria  by  the  Saracens,  under  the  Caliph 
Omar. 

The  Alchemic  fire,  however,  if  we  may  believe  its 
Historians,  still  continued  to  burn  steadily  if  not 
strongly :  and  the  following  series  of  writers  is  men- 
tioned by  various  authors,  as  having  left  Treatises  which 
yet  exist. 

Athenagoras,  a  Christian  Philosopher,  a.  d.  176. 
Dm  Parfait  Amour,  printed  at  Paris,  1599  and  1612. 
Synesius,  Bishop  of  Ptolemais,  a.  d.  410,  left  Greek 
MSS.  on  Alchemy,  and  his  Commentary  on  Democritus 
is  printed  in  Fabricii  Bihl.  GrtPc.  tom.  viii.  Heliodorus, 
Bishop  of  Tricca  in  Thessoly,  a.  d.  405,  printed  in 
Fabricii  Bibl.  Gr<Bca,  tom.  vi.  Zosymus  of  Alexan- 
dria, a.  d.  410,  numerous  Treatises  in  MS.  Archelaus, 
A.  D.  415,  MS.  Pelagias,  a.  d.  420,  MS.  Olympiodo- 
rus,  A.  D.  430.  MS.  Theophrastus,  a.  d.  450.  A  Chris- 
tian Philosopher,  De  sacra  el  divina  arte^  MS.  Ste- 
phen of  Alexandria,  a.  d.  630,  MS.  Pappus,  a  Christian 
Philosopher,  a.  d.  638,  MS.  Cosmus,  a  Monk,  a.  d. 
650,  MS. 
Alchemy  in  Respecting  the  origin  and  progress  of  Chemistry 
Arabia.  in  Arabia,  the  general  belief  is,  that  previous  to  the 
time  of  Mahomet,  the  Arabs  entirely  neglected  the 
cultivation  of  Philosophy  of  every  kind.  **  During 
the  reign  of  their  fourteen  first  Caliphs,  viz.  from 
a.  d.  661  to  A.  D.  748,  they  were  solely  employed,  like 
their  ancestors^  in  preserving  the  purity  of  their  lan- 
guage ;  in  the  study  of  the  Koran ;  with  the  addition 
of  some  medicinal  knowledge,  which  they  found  a 
matter  of  practical  utility.** 

The  contempt  for  every  species  of  Science  which  the 
followers  of  Mahomet  long  retained,  has  been  illus- 
trated by  the  following  well  known  anecdote,  which  is 
thus  given  by  Du  Fresnoy.  **  Amru,  the  Arabian 
General,  having  made  himself  master  of  Alexandria, 
(a.  d.  640,)  found  in  that  celebrated  city  a  Library  well 
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stored  with  numerous  PhiloMphical  writingB.  John  nv^  ^ 
Philoponus,  an  able  commentator  on  Ariitotley  was 
then  a  teacher  in  that  city.  He  requested  the  If  oham* 
medan  General  to  grant  him  all  the  Philosophical  woriw 
which  might  be  found  in  the  Library.  Amru  dare  not 
take  upon  himself  to  make  this  preFent  to  Science.  He 
therefore  wrote  for  instructions  from  Omar*  the  second 
Caliph  :  but  the  answer  which  he  received  was  iatal  to 
the  works  and  to  Science.  The  Caliph  remarked  that 
if  the  writings  were  found  contrary  to  the  Koran*  they 
must  be  destroyed,  as  being  pernicious:  but  that  if 
they  were  conformable  to  its  dogmas,  they  became  use- 
less, as  the  Koran  was  all-sufficient  Thus  none  were 
preser\'ed ;  all  underwent  one  common  fate  and  wens 
destroyed.  They  were  employed  in  heating  the  baths 
at  Alexandria,  and  were  more  than  six  months  in  being 
consumed,  though  there  were  then  more  thau  400U 
baths  in  the  city." 

The  dynasty  of  the  Abbasides  was,  however,  more 
favourable  to  Science.  Almansor,  the  second,  and 
Haroun  al  Rasched,  the  fifth  Caliph  of  that  race,  were 
its  able  promoters. 

In  Bishop  Pocock's  translation  of  Abul  Farraj,wefind 
that  Mamun  Ben  Rasched,  (who  lived  A.  D.  813,) 
•*  amabat  scientiaa  et  sapientes  ac  viron  celebre$ :  ^t 
tempore  translati  sunt  mxdti  libri  ex  Grmcd  lingud^  in 
lingitam  Arabicam!*  p.  246.  It  is  to  this  period  thai 
we  think  we  may  justly  refer  the  passage  of  Chemistrjf 
(such  as  it  then  existed)  from  the  Greeks  to  the  Arabs. 

The  following  may  serve  as  a  brief  note  of  some 
Arab  Alchemical  writers  mentioned  by  Borrichius  and 
Du  Fresnoy.     A  MS.  in  Arabic,  in  the  Library  at  Ley-   — ^-« 
den  by  Ostanes :    M.  Du    Fresnoy  considers  this  t^^^ 
translation  from  the  Greek.   The  Commentary  ofEidi-  -^ 
mir  Ben  Ali  on  Abul  Hassam,  and  the  Treatise  of  Gel^>  _*. 

dek  are  both  in  the  same  depository.     Geber  who,  nSitr ^ 

Hermes,  is  in  the  greatest  repute  with  the  adepts,  1( 
many  Treatises.    Borrichius  supposes  him  to  have  livi 
prior  to  A.  D.  830.     His  works  were  imperfectly  printer  ^:f 
until  1682,  when  a  correct  edition  appeared  at  Diantri?-.        i 
copied  from  a  MS.  in  the  Vatican.     The  next  cited,  lo        i 
chronological   order,  is  Rhazes  or  Mohammed  Ben  ti^/ 
Zakaria  of  Korhassan,  who  died  a.  d.  932.    He  has  the       II 
reputation  of  having  first  applied  Chemical  Science  to       m 
the  Materia  Medica,  and  was   an  expert  Physician.       M 
Farabi  was  a  great  traveller,  and  is  reputed  to  have  hnkM 
acquired  a  large   and   varied  fund   of  Philosophieil      I 
knowledge.    He  was  murdered  by  robbers  in  the  woods      I 
of  Syria,  a.  d.  954.     His  works,  which  are  numeroiu,      V 
are  stated  to  be  in  MS.  in  the  Library  at  Leyden.    The       f 
time  at  which  Michael  Psellis  lived  is  not  certain,  be 
was  of  Constantinople.     Leo  Allatius  de  Psellis,  ftc. 
Roma,  1634.     There  is  a  pretty  little  story  made  out 
of  the  history  of  Adfar,  a  sage  Arabian  adept     Mone- 
nus,  a  Roman,  left  his  Country  for  the  sake  of  parti- 
cipating in  the  Hermetic  learning  of  Adfar  and  Kalid, 
who  is  reported  to  have  been  a  Caliph  or  Sultan  of 
Egypt ;  to  these  Morienus  communicated  the  arcoKtfm 
magnum,  and  then  mysteriously  withdrew  himself  from 
Royal  favour,  returning  to  his  original  solitude  in  Jem- 
salem.     Morienus's  Treatise  was  written  in  Arabic,  but 
translated  into  Latin  by  Robertus  Castrensis,  a.  d.  1188 
Morienus  is  supposed  to  have  lived  at  the  middle  of  th' 
Xlth  century ;    he    was   much    younger  than   Adfa' 
and  probably  rather  older  than  Kalid.     Hie  translatic 
of  a  work  referred  to  Kalid,  may  be  seen  in  Mangetv 

The  last  Arabian  writer  whom  we  need  cite  is  E' 
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Poetry  of 
the  Akhe- 


come  out  of  its  captivity  in  Babylon,  antl  they  will  find 
their  proper  level  as  true  Physiciunij  for  the  soul  and 
body,  dispensing  the  leaves  of  the  tree  of  life  for  the 
healini:^  of  the  nations."  It  may  be  fair  to  slate,  that 
Ihe  author  profcR^^es  himself  indebted  to  the  writings  of 
Jacob  Behmen  for  these  his  first  principles.  All  we 
need  say  is,  that  the  pupil  seems  to  have  been  well 
worthy  of  his  instructor. 

*'  Tribus  Anlicjri*  capnl  iBsaaabile.*' 
The  Alchemists  did  not  disdain  the  flowers  of  Poesy, 
as  an  e!e|:ifant  mode  of  conveying"  tlieir  instructions.    Of 
this  writing  we  confine  ourselves  to  the  introduction  of 
only  two  specimens. 

Out  holy  Alkimy  of  light  is  to  be  loved 

Which  irealethorii  precious  raediciue, 

Such  as  trewly  makeih  GiM  and  Silver  fine 

Whereof  example  for  tflstimonie 

Is  in  a  Cityof  Call  Ion  y 

Which  Raymood  Lully,  knigbt,  men  suppose 

Made  iti  seven  images^  the  trewth  to  d  sckse  ; 

Three  were  ^ood  silver,  in  &hap«  like  laclies  bright, 

Every  each  of  four  were  golil  and  did  a  knight 

In  borders  of  their  rLuthiug^  tike  appeare, 

Signifying  in  sentence  as  il  aheweih  be  re* 

L  Of  old  horse-shoes  (said  one)  I  was  yre, 
Now  I  am  goocG  sLtver^,  as  good  as  ye  desire. 

2.  [  was  («iid  another)  iron  fet  from  tbe  mine, 
But  nuw  I  am  Gould  pure^  perfect^  and  Bne. 

3.  Whilom  was  1  copper  of  an  old  red  panni 
Now  I  am  good  silver  said  the  third  woman. 

4.  The  fourth  said,  I  was  copp<:r  grown  in  the  filthy  place, 
Now  ani  I  perfect  gold  made  by  Ood*s  grace, 

5.  Tbe  fifth  said,  1  was  silver,  perfect  ihorough  fine, 

Now  am  I  perfect  goiilj  excellent,  better  than  the  prime, 

6.  t  was  a  pipe  of  lead  well  niph  t%vo  hundred  yeaie, 
And  now  to  all  men  good  stiver  I  appear. 

7.  Tbe  seventh  said,  1  leade  am^  gould  made  for  a  maislriej 
But  Ircwlie  my  fellowes  are  nerer  thereto  then  I. 

Norton**  Ordinal  of  Aichan^  im  Ash  mole ':t  Thfat.  Chem.Brit,  p.  20. 

The  following  may  serve  m  a  specimen  of  ihe  sym- 
bolical lann^iiage  adopted  by  the  Adepts,  for  the  puqjose 
of  concealing  tkeir  processes  from  the  uninitiated  vul- 
gar. For  this  purpose  the  metals  were  spoken  of  hy 
their  planetary  desig-nations ;  a  method  which  first  ori- 
g'inated  in  Aires  of  the  most  remote  nntiquity.  Thus 
Gold  was  the  Sun,  Apollon,  and  the  sign  0  was  found 
by  Porson  to  stand  for  Apollo,  in  the  margin  of  an 
ancient  Greek  MS,  Silver  was  the  Moon,  and  so  of 
the  fest.  The  passage  further  shows  the  early  use  of 
the  word  amalgamation. 

But  ye  I  more  kyndly  som  other  men  don 
Feriiieirityng  t}ieyer  Medcynes  in  thys  wyse, 
In  Mercury  dissolvyag  both  Son  and  Mone, 

J!cc.  &c.  &c, 

Som  other  ihor  be  whych  hath  more  hap 
To  touch  Ihe  trolhe  In  parte  of  Perm  en  tinge, 
They  Amal^m  ther  bodys  with  Mercury  like  papp. 
From  Sir  George  Ripley^s  Comp^ttmd  tf/Akh^mie  in  Ashmole's  Th€at. 
Chemicumj  p,  174. 

We  must  herp  conclude  our  notice  of  the  Alchemists. 
It  is  not,  however,  to  he  hy  this  understood  that  the 
pursuits  of  Ihe  Hermetic  Philosophy  fell  suddenly  into 
disrepute  and  disuse,  hut  that  as  the  writers  with  which 
we  become  acqtiainted  at  the  beginning  of  the  XVHth 
eentur>\  had  imbibed  from  Bacon  a  more  just  spirit  and 
method  of  investigation,  ihey  gradually  converted  the 
cnide  mass  of  undigested  facts,  collected  by  the  Alche- 
mists, into  the  foundations  of  a  regular  Scientific  inqtiiry 
into  the  constitution  of  nature,  and  the  agency  of  these 
laws    impressed   upon  mutter.     Of  the  last  English 


Alchemists,  we  know  of  no  other  accoujit  than  iht  b|.  i 
lowing,  given  in  the  History  prefixed  to  Mr.  firand^i 
Chemuiry,  vol.  i.  p.  2&. 

"  In  later  times  we  have  had  two  or  three  belirrm  ' 
in  transmutation.  In  I  lie  year  1782,  Dr.  Prict  of 
Guildford  J  by  means  of  a  white  and  a  red  powder,  pni> 
fessed  lo  convert  mercury  into  silver  and  gold,  aiid  il 
said  to  have  convinced  many  disbelievers  of  the  ponn 
bility  of  such  change ;  his  experiments  were  to  Iwfi 
been  repeated  before  an  adequate  tribunal,  but  he  pal 
a  perioti  to  bis  existence  by  swallowing  laurel- water/ 

**  Another  true  believer  in  the  mysteries  of  this  Art, 
was  Peter  Woidfe,  of  whom  it  is  to  be  resetted  Uul 
no  biographical  memoir  has  been  preserved*  I  haft 
picked  a  tew  anecdotes  respecting"  him  from  two  Of 
three  friends  who  were  his  acquaintance.  He  occupied 
chambers  in  Barnard's  Inn  while  residing  in  Loodoo, 
and  usually  spent  the  summer  in  Paris,  His  momsv 
which  were  extensive,  were  so  filled  with  furnaces  and 
apparatus,  that  it  was  difficult  to  reach  his  fire-side.  A 
friend  told  me  that  he  once  put  down  his  hat,  and  nefCT 
covild  find  it  a«:uin,  such  was  the  confusion  of*  boiti. 
packages,  and  parcels  that  lay  about  the  chamber,  Htf 
breakfast  hour  was  four  in  the  morning:  a  few  of  his 
select  friends  w  ere,  occasionally,  invited  lo  this  rrpaM, 
to  whom  a  secret  signal  was  given  by  which  they  gainfd 
entrance,  knocking^  a  certain  number  of  times  at  Ihe 
Inner  door  of  hts  apartment.  He  had  long  Tazniy 
searched  for  the  Eli.vir,  and  attributed  his  repeaUd 
failures  to  the  want  of  due  preparation  by  pious  and 
charitable  acts.  I  understand  that  some  of  hts  appa- 
ratus is  still  extant,  upon  which  are  6  up  plications  ibr 
success,  and  for  the  welfare  of  the  Adepts.  Whenerer 
he  wished  to  break  wifh  an  acquaintance,  or  felt  himsflf 
oHended,  he  resented  the  supposed  injury  by  sendiufT* 
present  to  the  offender,  and  never  seeing-  hitn  afia^ 
wards.  These  presents  were  sometimes  of  a  CBiioof 
description,  and  consisted  usually  of  some  expeaaff 
Chemical  product  or  preparation.  He  had  an  herote 
remedy  for  illness:  when  he  felt  himself  seriously  indi^ 
posed,  lie  took  a  place  in  the  Edinburg-h  mail»  anri 
iiavin^  reached  that  city,  immediately  came  back  in  the 
returning  coach  to  Loud  on »  A  cold  taken  on  one  of 
these  expeditions,  terminated  in  an  inflammation  of  the 
lun^rs,  of  which  he  died  in  1B05.  He  is  theatjihcFTof 
several  papers  tn  the  Philosophical  TramactionJt* 

We  conceive  that  our  lime  may  easily  be  employcil 
more  advantageously  to  our  readers,  than  by  repeating 
here  the  histories  and  attestations  that  have  been  handed 
down  to  us  in  favotir  of  successful  transmutations,  Siich, 
how  ever,  may  he  seen  iti  the  works  of  Boyle  and  Boer- 
haave.  There  is  aUo  an  amazing  tale  of  the  kind  in 
Helvetius's  Goldm  Calf.  The  following-,  however,  has 
been  pointed  out  to  the  WTiterof  this  Paper  by  a  frieod» 
and  is  g'iven  as,  perhaps,  the  latest  recorded  instance  of 
expert  ju^glina:  of  this  kind  ;  especially  as  it  proves  that 
there  are  yet  followers  of  Alchemy  in  the  East, 

**  A  few  days  before  my  arrival  at  Bassora  in  Au€^i( 
1814,  (says  Major  Macdonnald  Kinneir,)  Mr,  Cok 
houn,  the  aciingr  resident  at  that  place,  received  a  roe 
sag-e  from  an  Arabian  Philosopher,  requesting^  a  prif 
interview,  in  order  to  communicate  a  most  imp 
secret.     Mr.  C.  consented  ;  and  next  morning-  the  my 
terious  stravig;er  was  introduced  to  him  :  embracing  1 
knees  of  the  resident,  he  said  he  w  as  come  to  su 
the  protection  of  the  Enq[-lish  from  the  cniel  i 
tinued  persecutions  of  his  countrjmen^  who» 
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iUkdetsiood  Ibat  he  had  the  power  of  transmuting  the 
basest  metals  into  gfold,  daily  put  him  to  the  torture  to 
wring  his  secret  from  him.  He  added,  that  he  had  just 
made  his  escape  from  Grrme,  where  he  had  long  been 
starved  and  imprisoned  by  the  Sheck,  and  that  he  woidd 
divulge  every  thing'  that  he  knew  to  Mr,  Colquhoun, 
provided  he  was  permitted  to  reside  in  the  Factory.  My 
friend  agreed  to  receive  him,  and  in  return  he  faithfully 
promised  to  alTurd  a  convincing  proof  of  his  skill.  He 
accordingly  retired  and  soon  afterwards  returned  with  a 
small  crucible  and  chaling-dish  of  coals,  and  when  the 
former  had  become  hot,  he  took  four  small  papers  con- 
taining a  whitish  powcier  from  !iis  pocket,  and  anked 
Mr.  C  to  fetch  him  a  piece  of  lead  :  the  latter  went  into 
his  study,  and  taking  four  pistol  hulletSj  weighed  them 
unknown  to  the  Alchemist:  these,  with  the  powder,  he 
put  into  the  crucible,  and  the  whole  was  immediately  in 
a  state  of  fusion.  Alter  the  lapse  of  about  twenty 
minutes,  the  Arabian  desired  Mr.  C.  to  take  the  crucible 
from  the  fire,  and  pnt  it  in  the  air  to  cool:  the  contents 
were  then  removed  by  Mr.  CT.,  and  proved  to  be  a  piece 
of  pure  gold,  of  the  same  weight  as  the  bullets.  The 
gold  was  subsequently  valued  at  90  piastres  in  the 
Bazar.  It  is  not  easy  to  imagine  how  a  deception 
could  have  been  accomplished,  sijice  the  crucible  re- 
mained untouched  by  the  Arab  ailer  it  had  been  put 
upon  the  fire  ;  while  it  is^  at  the  some  time,  difficult  to 
conceive  what  inducement  a  poor  Arab  could  have  had 
lo  make  an  English  gentleman  a  present  of  90  piastres, 
Mr.  C.  ordered  him  to  return  the  next  day,  which  he 
promised  to  do,  but  in  the  middle  of  the  night  he  was 
earried  oflf  by  the  Sheck  of  Grane,  who,  with  a  body  of 
armed  men,  broke  into  his  house  and  put  him  on  Ward 
a  boat,  which  was  out  of  siglit  long  tjefore  day-break  " 
—  Traveh  in  Armenia,  KoordMan,  isc  p,  406. 

Wc  have,  hitherto,  passed  by  the  claims  of  the  Chi- 
nese to  an  early  knowledge  of  Alchemy,  Martini  in 
his  llUtoria  Suma,  and  Le  Conite  in  his  Memoires 
tur  la  Chinc^  state  that  the  Chinese  assert  Alchemy  to 
have  been  known  among  Iheni  2500  years  before  the 
Christian  a?ra,  but  that  they  have  no  manuscripts  on  the 
subject.  In  the  Mrmoirai  de  VAcad.  de  Si,  Petersb.  for 
1807  and  1808,  vol.  ii.  there  are  some  extracts  from  a 
MS.  on  Chemistry,  brought  from  China  by  M.  Bournon. 
The  title,  when  translated,  runs  thus:  Confemons  du 
paiuftle  Dragon,  composed  by  Ma6-hh6a  in  the  reign  of 
the  Emperor  Ssnii-dsoiinn  of  the  dynasty  of  TA.nn, 
ivhich  is  equivalent  to  a,  d,  756, 

In  the  first  chapter  the  author  says,  **  Tout  ce  que 
thomme  peui  ftentir  et  observer  par  les  sem^  et  tout  ce 
qui!  peui  concevoir  par  mn  esprit  et  par  son  imagina- 
iioti^  t*t  compose  de  deux  prindpen  fondamcntauj:  le 
Yann  et  la  F«e,  qui  disigmnt  k  parfait  et  timparfait. 
Le  Yann  est  Ic  puiisant  ou  VaccompU,  et  te  Yfte  lui  est 
diainitrcdtmeni  oppo^eJ* 

Of  the  Atmosphere  (Hhii-chenn-ki)  he  says ;  this 
Hbi4*chenn-ki  is  the  ki  which  rests  on  the  surface  of  the 
earth,  and  elevates  itself  to  the  clouds.  When  the  pro- 
portion of  the  Yne  which  makes  part  of  its  composition 
is  too  great,  it  is  not  so  perfect  as  the  ki  beyond  the 
clouds.  We  might  perceive  the  Hhi4-chenn-ki  by  the 
sense  of  touchj  but  tlie  elementary  fire  with  which  it  is 
mingled,  renders  it  invisible  to  onr  eyes.  There  are 
many  methods  which  pnrif)Mt  and  deprive  it  of  a  part 
of  its  Yne.  Thii?  is  done  by  substances  which  are  mo- 
dification a  of  Y&^nn,  such  as  metals,  sulphur  (lie6u- 
khou&nn,)  and  Tdne»  or  charcoal.     These  ingredients. 


when  w^  bum  them,  amalgamate  themselves  with  the  Histoncai 
Yann  of  the  air,  and  give  new  combinations  of  the  two  ^"^•l^'^'^'^" 
ftmdamental  principles,  ^ 

On  the  whole,  although  we  suppose  it  just  possible 
that  the  pursuits  of  Alchemy  may  have  extended  them- 
selves into  China,  yet  there  seems  little  evidence  on  the 
subject.  We  have  almost  felt  it  a  waste  of  room  to 
notice  M,  Bonrnon's  MS.,  for  it  is  tn  perfect  accordance 
with  the  well  known  character  of  the  Chinese  for  de> 
vising  such  frauds,  and  for  great  skill  in  executing  them, 
to  suppose  the  whole  a  forgery,  the  object  of  which  has 
been  to  produce  an  evidence  of  Chemical  knowledge 
having  existed  among  them,  prior  to  its  appearance  in 
Europe.  Thus  they  would  pretend  that  the  constitntion 
of  the  atmosphere,  and  the  nature  of  its  ingredients, 
was  known  in  China  during  the  Vllllh  century ;  pre- 
cisely as  explained  in  Europe  at  the  close  of  the 
XVIIIth. 

History  of  Chemistry, 

We  have  admitted  that  it  is  to  ibe  medical  wTiters  of 
the  XVI  th  century  J  that  we  are  indebted  for  changing 
the  pursuits  of  Alchemy  into  those  of  true  Chemistry, 
The  knowledge  which  the  Adepts  had  gained  by  their 
unwearied  elfbrls,  all  directed  to  one  or  two  points,  was 
of  course  itself  limited ;  but  it  was  upon  that,  as  a  fonnda- 
tion,  that  Basil  Valentine,  Paracelsus,  and  Van  Helmont  Vilentine. 
commenced  their  superstructure.  These  writers,  to  all  y^J^f '"*"*: 
of  whom  we  are  in  various  ways  indebted,  w^re  busily 
employed  in  making  the  processes  which  they  received 
from  the  Alchemists,  subservient  to  the  preparation  of 
active  medicines  chiefly  drawn  from  the  mineral  king- 
dom :  while,  at  the  same  time,  they  had  the  ditlicnlt  task 
of  combating  the  established  nsages  of  the  more  mild, 
but  less  efficacious,  preparations  of  the  Galenical  school 
of  Physic, 

W^hile  thus  Medicine  adopted  Chemistry  as  an  imme- 
diate auiiliary,  Philosophy  claimed  its  aid  as  a  method 
of  interrogating  nature.  On  this  ground  there  is  no 
name  so  deserving  of  attention,  as  that  of  Francis  Bacon  ^'  Bacan. 
Lord  Vendam.  This  extraordinary  man,  whose  wTitings 
bear  the  deepest  stamp  of  originality  and  genius,  jiointed 
out  to  all  the  world  the  just  paths  to  be  pursued  in 
Scientific  investigation  :  nay,  more,  he  set  the  example, 
by  himself  walking  in  those  paths  not  unprofitably  ; 
making  Science  his  relaxation  from  the  cares  of  State,  as 
it  afterwards  became  his  solaee  in  years  of  degradation 
and  afniction. 

In  the  subsequent  part  of  this  introduction*  we  may 
name  two  or  three  of  the  great  changes  which  Chemical 
creeds  have  hitherto  undergone ;  but  the  nature  of  this 
work  will  by  no  means  admit  of  that  fulness  of  Histo- 
rical detail,  which  we  could  with  pleasure  undertake. 
We  have  said  more  of  the  Alchemists  than  we  intend  to 
say  of  the  Chemists,  because  we  feel  that  we  have  parted 
from  them  fcir  ever :  but  it  may  be  possible  yet  to  ac- 
knowledge our  obligations  to  the  Chemists,  though 
brietiy*  when  each  substance,  which  their  sagacity 
brought  to  light  or  investigated,  shall  come  individually 
in  review  before  us. 

Baitii    Valentine    describes     several    processes    for  Basil 
obtaining  nitric  or  sulphuric  acids,  and  in  his  Citrrus  talent uv*». 
Triumplutlia  Antimonii  he   explains  the  composition 
and  properties  of  numerous  medicines  formed  from  that 
metal. 

Paracekus  was  a  bold  and  successful  Physician,  his  PwaceUui. 
writinjars  do  not  seem  to  have  tended  so  much  to  tlie 
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Ci.emistry.  advancement  of  Chemistry,  as  to  the  defence  of  the  active 
^---v-^i^  Chemical  Articles  recently  introduced  into  the  Materia 
Medica,  such  as  calomel  and  the  antimonial  prepara- 
tions.    He  sank  at  an  early  age  under  the  consequences 
of  a  life  of  irregularity,  and  is  buried  at  Saltzburg. 

Van  Hdnumif  a  Physician  of  Brussels,  succe^ed  to 
the  knowledge,  and  supported  the  credit  of  the  medi- 
cines of  the  two  last  named  authors.  His  writings 
convey  to  us  a  favourable  impression  of  a  mind 
honestly  searching  for  Truth;  but  his  energies  are 
directed  more  towards  Medicine  than  to  pure  Chemis- 
try. He  first  used  the  term  Gas  to  designate  all 
aeriform  substances,  atmospheric  air  excepted. 

Kunckell  wrote  on  Glass-making,  and  he  also  dis- 
covered the  method  of  obtaining  Phosphorus,  having, 
however,  had  some  shown  to  him  by  BrandU  a  Che- 
mist of  Hamburg,  its  first  discoverer,  who  concealed 
the  process  from  Kunckell,  though  he  revealed  it  to 
Kraft  of  Drestlen. 

Glauber  of  Amsterdam  was  an  experimentalist  of 
first  rate  excellence ;  he  wrote  much,  but  he  also 
worked  much,  and  introduced  many  valuable  improve- 
ments into  the  manipulations  and  apparatus  of  Che- 
mistry. He  introduced  the  process  fur  obtaining 
muriatic  acid,  and  described  the  method  of  separating 
ammonia  from  bones;  he  formed  also  the  suits  of  that 
alkali.  His  discovery  of  the  product  of  vinegar  by  the 
distillation  of  wood  in  close  vessels,  has  not,  until  very 
recently,  obtained  the  attention  it  deserved,  though  now 
it  forms  an  important  branch  of  our  Manufactures. 

The  formation  and  incorporation  of  the  Royal 
Society  in  1662,  by  Charles  II.,  together  with  a 
similar  institution,  the  French  Royal  Academy  of 
Sciences,  formed  in  1666  by  Louis  XIV.,  were  great 
National  measures,  which,  though  at  first  they  may 
be  said  to  have  owed  their  origin  to  the  calls  and 
claims  of  Science,  in  the  end  acquitted  themselves 
of  the  obligation  by  ennobling  its  purposes,  con- 
centrating its  energies,  and  enrolling  among  its 
votaries  the  most  learned  and  dignified  characters  of 
the  Age. 

The  Royal  Society  originated  at  Oxford,  but  its 
members  removed  their  sittings  from  that  place  to 
London  for  the  sake  of  greater  assistance  and  more 
extensive  utility.  Among  its  earliest  members  was 
the  Honourable  Robert  Boyle^  a  most  amiable  man,  a 
diligent  Philosopher,  and  a  sound  Christian.  He  wrote 
and  published  much,  and  with  good  effect,  though 
originality  of  genius  does  not  seem  to  have  been  his 
characteristic. 

Dr.  Hooke  was  the  contemporary  of  Boyle,  of  a  dis« 
position  far  less  amiable,  but  of  genius  more  acute. 
Boyle  and  Hooke  satisfactorily  demonstrated  the  neces- 
sity of  atmospheric  air  to  the  process  of  combustion  ; 
and  the  views  which  Hooke  entertained  were  sub- 
sequently supported  with  great  ability  by  Mayow, 
The  opinions  of  Boyle,  Hooke,  and  Mayow,  upon  the 
subject  of  combustion,  though,  as  we  now  believe, 
the  more  accurate  of  the  two,  seem  to  have  given 
way  to  the  foreign  doctrines  advanced  by  Beccher  and 
Stahl. 

Ernst  Stahly  a  Chemist  of  great  and  deserved  repu- 
tation, was  the  chief  author  of  what  is  termed  the 
Phlogistic  Theory  of  Combustion.  In  this  theory 
Phlogiston  is  considered  an  element  of  extreme  subtilty, 
capable  of  existing  as  a  constituent  part  of  some  bodies, 
uiid  causing  the  appearance  of  fire  whenever  its  par- 
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tides  are  so  liberated  as  to  assume  a  violent  Tibratory  H 
motion  that  is  natural  to  them.     Every  substance  that  '* 
it  was  possible  to  burn  was  supposed  to  contain  Phlo*  . 
giston,  and  every  substance  when  it  had  been  bomed 
was  thought  to  have  parted  with  its  Phlogiston.     Thit 
continued  to  be  the  general  belief  for  more  than  half  a 
century,  though  the  reasoning  of  Boyle*  Hooke,  and 
Mayow,  together  with  the  experiments  of  iZey,  shoir*  Be) 
ing  that  metals  did  not  lose  but  gained  in  weight  hf 
combustion,  were  decidedly  opposed  to  such  an  hjpo» 
thesis. 

Hooke  recognised  the  combination  of  oxygen  fai 
nitre,  though  that  term  was  not  applied  to  it  till  km^ 
afterwards.     Mayow  called  it  the   Nitro-aerial  nf 
stance,  and  demonstrated  its  necessity  to  animal  respi- 
ration.    He  also  obtained  hydrogen  by  the  actioo  of 
iron  upon  diluted  sulphuric  acid.     His  examination  of 
the  mutual  actions  of  saline  bodies  is,  perhaps,  the  fint 
germ  of  the  doctrines  of  analysis  depending  on  compo* 
sition  and  decomposition.     The  sulphurets,  both  inetil* 
lie  and  alkaline,  are  ably  treated  of  in  his  works,  aad 
much  of  that  system  which  is  so  forcibly  sketched  id 
the  small  portion  of  Newton's  writings  that  is  devoted 
to  Chemistry,  may  be  traced  to  the  experiments,  if  not 
to  the  views,  of  Mayow.     The  whole  of  the  doctrine  of 
Chemical  Attraction  underwent  great  changes  and  iih 
provements  subsequently  in  the  hands   of    CfeoJUtift 
Bergman,  Berthollet,  Pfaff,  Proust,  fFenzd,  RiMf^ 
Higgins,  Daltony  fVollaston,  Gay  Lussac,  and  PnmL 

Although,  in  the  divisions  of  Science  to  which  irt 
adhere,  Heat  does  not  form  a  part  of  Chemistry,  yii 
as  the  Chemists  of  the  period  we  are  examining  iih 
variably   united   these  branches,  we  must   now  moi* 
tion  the  discovery  of  the  thermometer,  an  event  which 
produced  a  decided  and  beneficial  influence  upon  the 
progress    of    Chemistry   in    general.      In    regard  to 
priority  of  claim  to  this  valuable  invention,  authorB  aK 
divided    between  Drebbel,  of  Amsterdam,    and  8aK^ 
torio,  of  Padua :  both  lived  in  the  latter  half  of  the 
XVIth  century.     The  Florentine  Academicians^  honr* 
ever,  were  the  first  to  reduce  the  instrument  to  par- 
poses  of  practical  utility.     But  all  their  instrumedti 
wanted    the    essential    of    comparability.      It    seem 
doubtful ;  but  Dr.  flalley  is  said  to  have  introduced  ll 
one  fixed  point  of  comparison,  the  boiling  point  of 
water,  and  Newton  certainly  made   use  of  both  thai 
and  the  freezing  point  of  water :  thus  obtaining  tuo 
fixed  points  universally  attainable,  and  rendering  iB 
thermometric  indications  comparable  with  each  other* 
Van  Swinden,  Fahrenheit  Martini,  De  Luc,  Saumwrtt 
Six,  and  Leslie,  have  published  further  illustrationSt  or 
have  suggested  improvements  in  this  instrument. 

To  Dr,  Hales,  the  author  of  the  Statistical  Eme^  g^ 
we  must  award  the  praise  of  having  been  the  ddcf 
author  of  Pneumatic  Chemistry,  though  it  in  some 
degree  commenced  with  Mayow  and  Hooke.  He 
refused  high  preferment  in  order  that  he  might  OXK 
tinue  his  Philosophical  pursuits,  which  served  for  hii 
amusement  amidst  the  zealous  discharge  of  parochial 
duty,  a  course  which  only  closed  with  his  life  in  1761. 
at  84  years  of  age.  His  experiments  on  the  gases  wenr 
very  numerous  and  of  a  miscellaneous  character ;  but 
those  in  which  he  applied  the  same  industry  to  inves- 
tigate the  respiration  and  chemical  agency  of  plants 
are  better  directed,  and  still  form  an  important  portioo 
of  our  knowledge  in  this  branch  of  vegetable  organisa- 
tion.     Herman   Boerhaavey   of    Leyden,    was    about  ^ 


nporary  with  Hales,  He  ^as  a  *Wyn^iishecl 
jiati«  a  p^ood  Chemist,  and  tin  e\ce\W^t  man.    His 

Johnson  is  well  known,  ami  justly  admired. 

Black  was  Professor  of  Chemvstry  at  Edin- 
In  Chemistry,  his  great  discovery  was  that  of 
lie  acid  g-as,  which  he  obtained  from  decomposing' 
Ikaline  and  earthy  carbonates.  But  even  this, 
as  it  was,  w^as  exceeded,  in  orlginahty  and  beanty, 
e  gfrand  addition  which  he  made  to  Physics  of 
aowledge  of  Latent  Heat^  about  the  year  1760, 
Heat,  Art,  249,)  The  practical  importance  of 
ioctrine  was  readily  seen  and  employed  by  the 
mechanical  genius  of  Watts. 

lowing  a  sort  of  chronological  order,  the  name  of 
lan  next  occnrs.  He  was  of  Upsala,  in  Sweden, 
nay  be  considered,  in  some  sense,  the  earliest 
if  analyst  whose  name  occurs  in  the  History  of 
istry.  His  labours  tended  to  the  acquirement  of 
re  intimate  acquaintance  with  the  properties  of 
kDCes  for  Ihe  purpose  of  their  separation,  and  nho 
j&e  metallurgic  proces^iies  so  important  to  his 
ry  in  particular.  He  died  at  the  early  age  of  49, 
iyr  to  his  as.s?iduity  in  tlie  cause  of  Science, 
e  Honourable  Henry  €*a  vend  ink.  Dr.  PrieMley, 
We  of  Yorkshire,  and  Cart  WUketm  Scheele,  a 
Sv  aire  names  which  may  now  he  referre<l  to» 
pally  in  connection  with  Pneumatic  Chemif^trv- 
ley  commenced  by  repeating  the  experiments  of 
e,  Mayow,  and  Hales,  on  gaseous  bodies,  and  he 
greatly  improved  upon  the  apparatus  formerly 
lyed  for  these  researches,  leaving  it  much  the  same 
ployed  at  the  present  day.  He  is  considered  as 
5  discovered  oxygen  gas  on  the  1st  of  August, 
[  which  he  obtained  by  concentrating  the  Sun's 
tpon  red  precipilate  over  mercury.  He  named  his 
^s  depkloglslicaled  air^  though,  m  fact,  it  was  the 
which  had  been  obtained  from  nitre  by  Hooko 
f  ayow.     He  diligently  traced  the  functions  of  this 

the  processes  of  animal  and   vegetable  respira- 

Mr,  Cavendish  discovered  muriatic  acid  gas, 
Viestley  further  investigated  its  properties.  The 
also  separated  ammoniacai  gas  Irom  the  muriate 
•  action  of  lime :  and  discovered  that  which  is  now 

sulphurous  acid  gas:  examining  also  the  pro- 
3  of  nitrous  gas,  which  had  been  imperfectly 
H  to  Mayow. 

s  more  prominent  facts  which  were  brought  to 
by  the  high  talents  of  Mr.  Cavendish,  most  as  si- 
ily,  yet  cautiously  exerted,  were  the  complete 
ledge  of  hydrogen  gas,  which»  though  the  sub- 
i  had  been  obtained  before,  was  quite  disregarded 
his  time.  These  researches  led  him  to  the  bril- 
discover)'  of  the  composition  of  water,  which  be 
jefore  the  Royal  Society  in  1784.  (Vide  Elec- 
PYt  Art,  167,)  Thus  was  the  synthesis  of  water 
Lplished. 

3  merits  of  Scheele  were  discovered  and  brought 
ht  hy  Bergman,  who  wrote  the  Introduction  to  the 
rork  of  il»e  former,  Chemicat  Erperiments  and 
mtiom  on  Air  and  Fire.  It  seems  that  Scheele 
rf-ered.  independently  of  Priestley,  many  of  the 
tant  phenomena  made  known  by  the  latter  about 
[me  time.  His  observations  on  the  radiation  of 
are  highly  interesting ;  but  the  discovery  of  chlo- 
or  Dephlogisticated  Marine  Acid,  as  he  called  it) 
be  considered  his  noHlesl  achievement*  This 
3]ace  during  his  excellent  examination  of  man- 


ganese. He  also  commenced  the  genuine  Chemical  Bwtoncal 
examination  of  the  vegetable  acids.  Lastly,  the  Euay  Iniroduc- 
on  Pn/saian  Biite  must  be  mentioned  with  high  com-  ,  ^  ^ 
mendation.     He  died  at  the  early  age  of  44.  "^ 

We  have  now  arrived  at  the  ffira  of  Lavotsier,  UvoUier 
which  produced  another  great  revolution  in  the  Che- 
mical theory  of  combustion.  The  admirable  Philoso- 
pher, whose  name  we  have  just  cited,  may  be  con- 
sidered as  the  chief  opponent  to  the  doctrine  of 
phlogiston  as  introduced  by  StahL  That  there  existed 
no  such  body  as  phlogiston  was  asserted  by  Lavoisier, 
chiefly  on  the  ground  that  substances  which  had  under- 
gone combustion  weighed  more  than  they  had  originally 
done ;  which  they  ought  not  to  do  if  they  had  parted 
with  some  element  previously  combined.  This  opera- 
tion was  traced  in  the  union  of  oxygen  with  the  com- 
bustible body.  The  last  and  the  ablest  of  the  sup- 
porters of  phlogiston  was  Mr.  Kirwan^  a  distinguished  KiwAn 
native  of  Ireland.  He  jmblished  a  small  work  in 
defence  of  his  views.  This  work  was  answered  by 
Lavoisier^  and  his  associates  BerthoUet^  Monge^  Four- 
croy^  and  Da  Morveau,  who,  having  taken  Kirwan*» 
work,  republished  it  with  their  arguments  and  expe- 
riments, attacking  each  chapter  separately.  Never 
was  there  a  contest  more  purely  conducted  towards  the 
investigation  of  Truth  ;  and  never  one  in  which  the 
erroneous  combatant  gained  for  himself,  by  liis  can- 
dour, the  admiration  of  impartial  judges  more  com- 
pletely than  Mr,  Kirwan.  From  tliat  day  phlogiston 
has  disappeared  from  all  Chemical  writings.  It  seems 
to  us  most  extraordinary  that  a  belief  in  it  ever  should 
have  prevailed  to  the  extent  that  it  did  :  for  there 
were  abundance  of  facts  and  experiments  which  ought 
to  have  overturned  it  long  before.  These  facts,  how- 
ever, Lavoisier  has  tlie  merit  of  having  systematized 
and  brought  to  bear  upon  the  question.  But  here  we 
stop,  and  do  not  concede  to  him  the  merit  of  absolute 
originality  in  those  experiments  by  which  the  antiphlo- 
gii^tic  doctrines  were  supported.  On  this  subject  we 
fully  agree  with  Mr.  Brande,  in  the  following  observa- 
tions taken  from  the  Historical  Introduction  prefixed  to 
his  Chemistry y  published  in  1 821. 

"  It  requires  no  deep  inquiry,  or  minute  investigation, 
to  detect  in  the  researches  of  Priestley,  Scheele,  and 
Cavendish,  the  materials  of  which  their  contemporary, 
Lavoisier,  aided  by  several  celebrated  Chemists  of  the 
French  School*  constructed  his  new  theory ;  and  a  retro- 
spect of  the  works  of  Mayow  and  Hooke  will  show 
that  the  antiphlogistic  system  almost  necessarily  arose 
out  of  a  comtination  of  their  views  with  the  more 
modern  discoveries."^p.  172, 

'*  If  we  look  to  the  abstract  facts  on  which  it  (the 
antiphlogistic  theory)  rests,  we  shall  search  in  vain, 
either  in  the  works  of  Lavoisier,  or  in  those  of  his  con- 
temporaries; they  were  exclusively  furnished  from 
other  quarters  ;  and,  without  any  undue  prejudice,  of 
which  indeed  Science  should  always  stand  divested,  they 
will  I  think  chiefly  be  found  in  the  writings  of  Mayow 
and  Hooke,  and  in  those  of  Priestley  and  Scheele,  The 
prominent  features  of  the  French  theory  are  its  expla- 
nation of  the  theory  of  combustion  and  acidification, 
the  presence  of  oxygen  being  deemed  essential  in  both 
cases.  That  air  is  the  food  of  fire  was  known  in  thi* 
remotest  Ages ;  that  it  causes  the  increase  of  weiglit 
sustained  by  metals  during  their  fusion  and  calcination, 
was  shown  by  Rey  early  in  the  XVIIth  century  ;  that 
a  part  only  of  the  atmosphere  is  concerned  in  the 
4i 
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ChemlitFy.  support  of  flame,  was  explained  by  Hooke  in  1667 ;  and 

^— "v^""^  that  the  vital  or  igneous  spirit  (as  he  terms  it)  of  the 
atmosphere,  is  concerned  in  thi^  formation  of  acids, 
was  asserted  by  Mayow  in  1674.  Here,  without  ad- 
vancing into  the  XVlIIth  century,  we  have  in  explicit 
detail,  all  the  facts  and  arguments  requisite  for  the 
construction  of  the  French  theory  ;  but  if  to  these  we 
add  the  discovery  of  oxygen  by  Priestley,  and  of  the 
composition  of  water  by  Cavendish,  what  then  becomes 
of  its  claims  to  originality?" — p.  182. 

The  name  and  tdents  of  Lavoisier  did  much  for  the 
introduction  of  the  new  system  of  Chemical  nomencla- 
ture. From  considering  it  the  principle  of  acidifica- 
tion, he  gave  its  present  name  to  oxygen  gas ;  azote, 
hydrogen,  and  carbonic  acid  gas,  are  also  terms  of  the 
same  era. 

Lavoisier's  principal  discovery,  was  the  actual  com- 
bustibility of  the  diamond,  which  had  before  been  sus- 
pected by  Newton  ;  showing  also  its  Chemical  identity 
with  common  charcoal. 

For  the  last  and  greatest  advancement  in  Chemistry, 
we  are  indebted  to  the  aid  of  Electricity.  Dr.  Priestley 
is,  perhaps,  the  first  who  thus  called  in  the  powers  of  a 
sister  Science.  At  least  he  seems  first  to  have  noticed 
and  examined  an  experiment  of  Warltires,  tending  to- 
wards the  synthesis  of  water  by  firing  a  mixture  of 
oxygen  and  hydrogen  gases.  Mr.  Cavendish  pursued 
these  researches,  and  was  thus  the  first  to  demonstrate 
the  composition  of  water.  This  was  in  the  year  1781 ; 
and  in  1789,  the  associated  Dutch  Chemists,  Facts, 
Van  Troostwyck,  and  Dieman«  efiected  its  decomposition 
by  a  varied  application  of  the  same  agent.  It  is  not, 
however,  to  ordinary  Electricity  that  Chemistry  is  in- 
debted for  its  greatest  advancement,  but  to  that  species 
of  action  which  arises  from  the  Voltaic  pile. 

Volte  In   repeating  Qalvani's  experiment  upon  what  he 

called  the  Animal  Electricity,  made  by  placing  some 
sine  in  contact  with  the  nerve,  and  some  copper  in 
contact  with  the  muscle  of  a  recently  killed  frog,  and 
then  forming  a  contact  between  the  two  metals,  by 
which  a  muscular  convulsion  was  produced,  Volta  was 
led,  about  the  year  1791,  to  the  discovery  of  that  beau* 
tifiil  series  of  mutual  electric  actions  between  the  me- 
tals and  other  substances,  which  has  subsequently  borne 
his  name.  Mr.  Cruickshanks  improved  the  construc- 
tion of  the  pile  by  converting  it  into  a  trough ;  and  in 
1800,  Messrs.  Nicholson  and  Carlisle  may  be  said  to 
have  first  witnessed  the  Chemical  action  of  the  pile  in 
a  most  important  instance,  namely,  the  decomposition 
of  water.  In  1803,  Hisinger  and  Berzelius  greatly  ex- 
tended the  knowledge  of  Electro-chemical  agencies,  by 
publishing  a  beautiful  series  of  experiments,  developing 
the  law  tlMt  **  oxygen  and  adds  are  accumulated  round 
the  positive  pole  of  the  battery,  while  hydrogen,  alkalis, 
earths,  and  metals  are  accumulated  round  the  negative 
pole." 
The   Philoiophieal  Tranaactiont  for  1807  contains 

Dftvy.  Sir  Humphrey  Davy'*  Paper,  in  which  the  Chemical 

agencies  of  Electricity  are  still  fiirther  developed ;  and 
the  brilliant  experiment  of  the  decomposition  of  the  al- 
kalis, with  considerable  evidence  of  the  real  nature  of 
the  alkaline  earths,  is  described  in  one  of  the  most  in- 
teresting Memoirs  ever  presented  to  Science. 

From  this  period  the  History  of  Chemistry  does  not 
present  any  very  marked  features  to  arrest  our  atten- 
tion. It  has  continued  steadily  to  advance,  but  witli- 
out  making  any  of  those  gigantic  strides  whi^h  we  have 


felt  it  necessary  thus  briefly  to  mention.  Analyns  of 
all  kinds  has  been  in  a  state  of  successive  improvemeiit 
In  France,  this  most  important  branch  cf  the  Scknee 
has  been  most  successfiiUy  directed  to  the  examuuHim 
of  the  vegetable  contents  of  the  Materia  Mtdiea^  wkh  a 
view  to  practical  purposes :  while,  at  the  same  tioMb 
Dr.  Prout  in  England,  and  Profenor  Berxdim  k 
Sweden,  have  laid  the  foundations  of  noble  resetnlHi 
in  the  Chemical  physiology  of  animal  bodies :  Snm 
which  ultimately  the  healing  Art  will  unqueatioiiiAi^ 
derive  signal  advantages. 

In  concluding  this  most  circumscribed  ootliae  of 
the  History  of  Chemistry,  we  may  perhaps  be  aUoMJ 
to  express  a  faint  shade  of  regret,  which  nevertiMfaH 
has  frequently  passed  over  our  minds  within  the  ipMt 
of  the  last  five  or  six  years.  Admiring,  es  we  umI 
sincerely  acknowledge  that  we  do,  the  Electro-nupfr 
tic  discoveries  of  Professor  Oersted  and  his  fcrikmen^ 
we  still  as  Chemists  fear  that  our  Science  has  suftnl 
some  degree  of  neglect  in  consequence  of  them.  M 
least,  we  remark  that  during  this  period  good  Cfmrnki 
analyses  and  researches  have,  with  a  few  excepliM^ 
been  rare  in  England ;  and  yet  it  must  be  ia» 
fessed  there  is  an  ample  field  for  Chemical  disoovrt}^ 
How  scanty  is  our  knowledge  of  the  suspected  ¥\m* 
rine !  Are  we  sure  that  we  understand  the  natwirf 
Nitrogen?  And  yet  these  are  among  our  eleiMili 
Much  has  been  done  by  IFoUatton^  BerzeUu*,  Qm 
Ltu$ac^  Thenard^  Thaimon,  ProuU  and  others*  iA 
regard  to  the  doctrine  of  Definite  Proporlioru^  buiflHl 
yet  remains  the  Atomic  Theory.  Is  it  a  repieMilik 
Uon  of  the  laws  of  nature,  or  is  it  not  ?  This  il  • 
point  of  vital  importance  to  Chemistry :  it  yet  xtrnkm 
undetermined.  Let  the  Chemist  and  the  MsfhriMJ 
cian  (for  both  are  required)  unite  their  powers  Artti 
solution  of  this  problem. 

For  the  History  of  Chemistry  the  reader  may  eah 
suit  fiorrichius,  de  ortu  et  progrestu  Chemim^  itow  (n* 
printed  in  Mangetus ;)  Bergman,  deprimordii$Ckmltl^ 
Opuscule,  vol.  ii.  or  Upsal,  1779.  Du  Fresnoy,  Jb^ 
toire  de  la  Philoaaphie  Hermitique,  S  tom.  1 8mo.  BmIi 
1742 ;  fioerhaave,  Elementa  Chemia,Ijugd.  Bat  119^ 
Omelin,  Getchichte  der  Chemie^  GOttingen,  1797,  I 
vols.  8vo. ;  Fourcroy,  Discours  Pr^Uminairt  to  W 
System,  in  6  vols.  4to. ;  Brande,  Hiatoricai  Intnith 
tion  to  his  Chemistry,  in  3  vols.  8vo.  Lond.  1981. 

For  the  Alchemists,  P.  Borellus ;  also  a  f  nlilnpi 
of  English  Alchemical  Authors  in  the  translatiQe  rf 
Helvetius's  Golden  Calf;  Mangeti  Bibliotheca  Chmk^ 
2  tom.  fol.  Geneva,  1702,  contains  a  copious  eaav* 
blage  of  Alchemical  writings;  Theatrwn  Ckemkam 
(per  Laz.  Zetznenim)  Argentor,  6  tom.  8vo.  16l^t 
Elias  Ashmoli;,  Theatrum  Chemicum  Britanmemm^  IhL 
1652 ;  Ltveff  of  the  Alchemists,  (Barret,)  London^  8m 
1815. 

We  subjoin  a  chronological  list,  which  will  be  Ibai 
convenient,  as  giving  the  date  of  the  birth  and  dsatti 
of  the  Chemists  mentioned  in  this  introduction,  ft 
does  not  contain  the  Alchemists,  as  these  have  bm 
already  noticed. 

Bwn.  IM 

Basil  Valentine publ.     1604 

Paracelsus 1493      ....     IM 

Cardan 1501      .].'*     ifli 

Van  Helmont 1557      IM 

Libavius 15S8      .  .]]     IM 

Francis  Bacon 1560     ....     iM 
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Bof«» 

Di^J. 

\b6l 

» .  * . 

1636 

ymbU 

1602 

piibL 

1630 

1571 

* .  *  * 

1630 

publ. 

1651 

1602 

16S6 

1617 

1692 

1625 

.. .  , 

1685 

15.64 

.  • .  . 

1644 

16U8 

,  *  ., 

1647 

1627 

♦  * »  . 

1691 

1530 

.  . .  ♦ 

1703 

1635 

.... 

1702 

1645 

• .  -  - 

1715 

1677 

1743 

1642 

k  t .  < 

1727 

1645 

1697 

1652 

• .  •  ♦ 

1715 

1656 

*  >  1  * 

1741 

1458 

♦  .  .  * 

1521 

1660 

•  * « ♦ 

1734 

660 

♦ . .  * 

1742 

668 

• . .  . 

1738 

1677 

.  t  . . 

1761 

16S6 

« * .  * 

1736 

1672 

. .  n  * 

1731 

1709 



1782 

1718 

1797 

1711 

1800 

1718 

.  .  * . 

1784 

1723 

•  • .  ♦ 

1762 

1726 

. . .  « 

1778 

publ. 

1769 

1728 

« < .  * 

1799 

1729 

• . .  • 

1805 

1731 

...» 

IBIO 

1733 

• «  •  • 

1804 

1735 

*  *  .  * 

1764 

1735 

•  «  • . 

1819 

1695 

» *  ♦  * 

1779 

publ. 

1789 

publ. 

1782 

1737 

4   t  .   • 

1815 

«  •  •  « 

1795 

pubL 

1805 

1742 

♦  t  ♦ « 

1786 

1743 

.  -  f . 

1794 

1755 

«... 

1809 

publ. 

1792 

publ. 

17B2 

publ. 

1792 

Chemical  Apparatcs, 


re  any  attempt  is  made  to  explain  the  principles 
Science,  it  may  be  advisable  to  describe  the  In- 
nts  employetl  in  Chemical  researches. 
Laboratory  is  the  building  or  room  wherein  the 
It  carries  on  his  operalions.  In  describin«;  sucli 
ing^  with  its  requisite  furniture,  it  \s  intended  lo 
n,  lis  far  as  our  limils  will  allow,  all  that  is  ne- 
for  an  ample  range  of  Chemical  research  :  but 
J  extent  of  the  apparatus  should  appear  a  formi- 
^bstacle  to  the  commencement  of  this  fascinatin"^ 
i|iorUnt  study ,  it  must  be  premised  tlmt  we  are 


about  to  describe  more  than  it  may  be  in  the  power  of  Hiitoficil 
every  person  to  command.     It  will  l>e  easy,  however,   IbUocIuc- 
for  any  one  to  select  wbatever  instruments  are  essential  i_^'^"_j 
to  tba(  particular  branch  of  the  Science  which  he  may  ^~^^ 
desigTi  to  investigate.     From  the  very  p-eat  improve* 
ments  which  the  last  twenty  years  have  produced,  the 
cumbrous  vessels  and  tedious   processes  of  the  early 
Chemists  have  given  place  to  simpler  and  more  delicate 
modes  of  experimenting.     Formerly,  the   Instruments 
of  the  experimentalist  and  the  manufacturer  were  iden- 
tical ;   to  the  tatter  they  remain  the  same»  as  quantity 
is  his  object,  bnt  in  the  present  improved  state  of  Cbe- 
miatry,  the  blast- furnace  and  ibe  evaporating  pan  have 
in  most  instances  given  way  to  the  blowpipe  and  the 
watch-glass»    It  is  true,  that  in  a  well-appointed  Labo- 
ratory ibey  are  still  essential,  but  the  command  of  a  spare 
room  and  a  small  stock  of  inslrumenls  will  enable  any 
person  to  verify  processes,  and  even  to  prosecute  new 
objects  of  research  wilb  little  cost  or  inconvenience. 

It  scarcely  need  be  remarked,  that  in  a  Science  de- 
pending so  much  on  manipulation,  and  the  babit  ol 
accurate  observation,  a  little  practice  will  teach  more 
than  volumes  of  reading.  Numerous  minutia%  too  un- 
important and  tedious  for  description,  may  easily  be 
gained  by  experience,  or  by  the  aid  of  a  skilful  instruc- 
tor. A  Work»  however,  expressly  devoted  to  this  branch 
of  the  subject,  has  been  recently  published  by  Mr. 
Faraday^  of  the  Royal  Institution  ;  it  will  be  found 
ample  in  its  details,  and  invaluabte  to  any  one  entering 
upon  Chemical  studies. 

Perhaps,  on  Ibe  whole,  the  most  advantageous  form 
for  a  Laboratory,  would  be  that  which  allowed  of  one 
g'round-floor  room,  a  cellar  beneath,  and  a  chamber 
above.  The  cellar  serves  as  a  convenient  store-room 
for  glass  and  earthen  vessels  not  constantly  in  use» 
carboys  of  acids,  and  other  things  that  require  to  be 
kept  in  large  quantities  ;  but  the  main  object  of  this 
arrangement,  is  lo  keep  Ihe  ground-floor  room  free 
from  dampness,  which  is  CTttremely  injuriouii  to  the 
furnaces  and  to  aO  iron  work,  detaches  the  labels  from 
bottles,  and  dissolves  the  deliquescent  salts  in  the  mois- 
ture they  imbibe.  On  the  ground  floor,  a  space  of  at 
least  six  feet  in  width  along  one  side  should  be  appro- 
priated to  the  range  of  furnaces,  and  under  ibis  part 
the  cellar  oug-ht  not  to  extend,  as  no  floor  could  sup- 
port the  weight  without  arches,  and  no  wood  ou^ht  to 
enter  into  its  structure.  The  floor  of  this  part  should 
be  brick  or  stone,  but  the  remaining  part  of  the  room 
may  have  a  boarded  floor.  Over  the  whole  of  this 
fire-proof  space,  a  chimney  should  extend,  and  may 
taper  upwards,  so  as  to  become  of  the  ordinary  size  at 
the  top  of  the  building.  If  the  front  of  this  chimney 
be  supported  by  pdlars  or  arches,  the  heigtit  should 
everywhere  be  sufficient  for  a  person  to  walk  freely 
under  without  stooping.  The  main  object  of  this  ca- 
pacious chimney  ♦  is  for  the  purpose  of  allowing  all  acid 
fumes  and  noxious  gases  to  escape  without  beings 
diffused  throughout  the  air  of  the  room. 

Under  this  open  chimney,  the  flues  from  all  fur* 
naces  may  be  made  to  terminate.  In  the  arrange- 
ment of  these  furnaces^  convenience  must  principally 
be  studied ;  and  for  their  construction  individually^ 
we  refer  to  the  descriptions  hereafter  inserted.  It  is 
desirable  so  to  arrange,  that  as  some  one  fire  must 
always  be  kept  in  the  Laboratory,  that  one  should  heat 
a  sand  bath,  in  which  evaporations  may  be  going  on 
BimultaueoiisVy  with  other  operations.  Of  all  the  fur- 
4  I  2 
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tiaces  so  contriveJ,  the  one  now  in  use  in  the  Labo- 
ratory of  ibe  Roynl  rnstitytioii,  stunding^  quite  free 
from  any  waiJ,  seems  the  most  simple  ond  yseful.  Its 
construction  may  be  seen  in  p.  90  of  Mr.  Farad aj^s 
Work. 

We  now  proceed  to  describe  the  furniture  of  the 
Laboratory  in  alphabetical  orderj  for  the  convenience  of 
reference. 

Air-pump*  For  a  description  of  this  instrument, 
see  Pneumatics. 

Airmbie.     See  Dhlillatory  Apparatus. 

Baloitce.  For  ihe  particular  description  of  this 
most  important  instrument,  with  a  review  of  those 
mechanical  and  statical  considerations  which  influence 
its  construction,  we  refer  to  the  word  Balance,  in 
the  Miscellaneous  Divhion  of  onr  Work,  A  well-fur- 
nislied  Laboratory  oug-ht  to  contain  three  Balances  at 
least ;  the  largest,  capable  of  weighing'  several  potmds; 
a  middle  size,  for  weights  from  a  thousand  grains  to 
al>out  one  pound ;  and,  lastly,  a  very  delicate  beam 
for  the  purposes  of  accurate  analysis.  Some  Balances 
have  been  constnicted  so  as  to  possess  great  sensibility, 
even  when  bearing  a  considerable  weiirhl  in  each  scale, 
but  such  are  very  expensive-  The  Royal  Society  is  in 
possession  of  a  remarkably  fine  instrument  of  this  de- 
scription, made  by  Rainsden.  (Jour,  de  Pfiy^t.  xxxiii. 
p,  144,)  The  scales  in  common  use  will  turn  with  y^J^ 
of  a  grain,  and  may  bo  loaded  with  1000  grains  in  each 
pan,  without  materialiy  diminishing"  the  sensibility. 
Tlte  beam  ought  to  be  made  of  some  metal  which  will 
resist  the  acid  fumes  of  the  laboratory  ;  and  for  this 
purpose  platinum  has  been  sometimes  employed,  but  it 
is  expensive,  and  rather  liable  to  permanent  derange- 
ment of  tbrm.  Bell-metal  has  recently  been  sugg'csted, 
as,  altliough  it  is  flexible,  ihe  form  is  restored  by  its 
elasticity.  The  pans,  and  even  the  lines  by  which  they 
are  suspended  from  the  beam,  should  be  of  platinum. 
The  instrument  ought  always  to  rest  under  the  prolec^ 
lion  of  a  glass  case.  The  weights  also  should  be  of 
platinum,  as  not  being  liable  to  oxidation  or  corrosion, 
and  admitting  a  ready  purification  fronj  grease  and  dirt 
by  exposing  them  to  a  red  heat. 

Balloon.  A  large  glass  globe  used  as  e  receiver, 
having"  a  short  neck  adapted  to  the  reception  of  the 
beak  of  a  retort.     See  Piates,  Chemistry,  fig.  L 

Barometer  A  general  description  of  this  instrument 
will  be  found  in  Pneumatics  and  BAaoMErER. 

In  the  Laboratory  it  is  essential  to  ascertain  the  at- 
mospheric pressure  during  any  quantitative  experiment 
on  a  g^s ;  as,  without  such  observation,  we  caimot 
know  the  real  mass  of  any  compressible  fluid  confined 
in  a  vessel  of  given  capacity.  There  is,  however, 
another  important  consideration  attendant  upon  this 
problem ;  for,  supposing  both  the  volume  of  the  gas, 
and  the  atmospheric  pressure,  the  same  in  two  cases, 
yet  if  the  temperatures  diOer,  it  is  obvious  that  owing 
to  the  very  great  change  which  heat  prodtices  in  the 
elastic  force  of  gaseous  bodies,  the  quantities  in  the 
two  cases  will  not  be  the  same. 

All  experiments,  therefore,  are  referred  to  a  standard 
pressure  and  temperature ;  and  as  they  are  necessarily 
made  under  great  variety  of  circumstances,  it  becomes 
necessary  to  seduce  the  results,  when  so  obtained,  to 
what  they  would  have  been,  had  the  standard  pressure 
and  temperature  existid.  The  rules  for  this  calculation 
will  be  given  in  a  subsequent  part  of  (his  Paper,  in  de- 
scribing the  Physical  Properties  of  Gases. 


Bladders  are  frecpiently  employed  for  the  tmnsler  of  I 
gases.  Those  of  the  ca!f  and  ox  arc  preferret! ;  %tup- 
cocks  are  fastened  to  the  neck  so  as  to  make  them  air- 
tight, and  they  are  then  fit  for  ur.e.  It  has  b*eo  ' 
attempted  to  cover  them  with  a  coat  of  oil-pai»t;  this, 
however,  soon  cracks  and  peels  off.  Pediaps  a  delicate 
varnish  holding  caoutchouc  in  solution  might  beidvan* 
tageously  adopted.  Bags  of  fine  silk  thus  vaniidbal 
have  been  sometimes  substituted  for  bladders. 

Blowpipe.  For  an  ample  description  of  this  mtT\i' 
ment,  which  belongs  not  to  Chemistry  only,  tec  tbc 
word  in  the  Mi^cellaneoiis  Division  of  this  Work* 

Capmle.     A  small  evaporating  dish. 

Crucibles  are  vessels  for  containing  substances  tini 
are  to  be  exposed  to  very  violent  degrees  of  beat  They 
are   made  of  various   forms»  fig^i,  3,    4,    5,  6,  and  T. 
Some  have  lids,  and  some  have  not.     The  matenab  of 
which  Ihey  are  made  are  various,  according  to  the  pur- 
poses for  which  they  are  designed.     Platinum  reodtrs 
on  this  occasion  essential  assistance  to  the  Chemist  from 
its  infusibility  in    all   furnaces^   but    it   does   Dot  Vfil 
withstand    the   continued   action   of  alkalis,  and,  ttill 
less,  that  of  oue  genus  of  salts,  the   nitrutes  ;    aod,  if 
exposed  without  protection  in  a  common  coal  6 re,  tie 
vessel  is  frequently  rendered  brittle,  and  spoiled  byiht 
arsenic  and  sulphur  which  is  found  in  some  varietiftcT 
coal.     Pure  silver  Crucibles  are  extensiirely  used  iolKc 
analysis  of  minerals,  as  they  resist  the  action  of  ilkdi*; 
and  though    they  are  unable  to  bear  more  thaiiAltfV 
reci  heat,  yet  that  is  amply  sufficient  for  the  anafi*t*i 
purpose.     Indeed   it  would   appear,   that   even  K  if* 
Crucible  would  bear  it,  little  is  lo  be  gained  bjagmter 
elevation  of  tem[}erature.      In  all  cases,  if  possible,  rt 
is  belter  that  the  platinum,  or  silver  Crucible,  be  \m> 
bedded   in  sand  within  a  common  earthen  one:  ^ 
the  heat  is  more  gradually  applied,  and  the  crociWe 
is   protected  from   the    immediate  action   of  the  ftn» 
Crucibles  are  also  made  of  iron,  but  such  are  selto 
used   by  the  experimental  Chemist.     A    very  delieiti 
and  cleanly  sort  of  Crucible  is  made  of  porcelain  of 
Wedgewood  ware,  but  these  are   extremely   hable  i* 
crack,  if  either  heated  or  cooled  without  great  caotimt 

In  using  platinum  Crucibles  care  should  be  taken  (0 
avoid  those  substances  from  which  Chlorine  mtv  be 
disengaged.  Also  not  to  fuse  nitre,  nor  either  of  ik 
caustic  fixed  alkalis  in  them,  for,  in  this  case,  a  proioxjdf 
of  platinum  is  formed  and  dissolved  in  the  salt  N«» 
to  calcine  in  them  such  bodies  as  may  leave  a  mctiHfie 
residuum,  such  as  the  metallic  salts  fix>m  vegetable  addi 
nor  mixtures  which  may  produce  phosphorus.  Wki 
such  metalhc  oxides  are  calcined  as  have  bat  fecWe 
affinity  for  oxygen,  (as  lead,  bismuth^  copper,  cohtH, 
nickel,  antimony^  &c,)  the  temperature  must  neferbe 
raised  above  a  moderate  redness ;  for  although  tbe« 
oxides  are  not  decomposable  per  *e,  their  reduction  mil 
take  place  at  a  high  temperature,  in  consequence  o(  the 
afhnity  of  their  metals  for  platinum.  In  long  cofttinMi 
calcinations,  the  Crucibles  must  be  protected  as  mvdb 
as  possible  from  the  immediate  contact  of  the  foel ;  for 
the  metal  is  very  apt  to  receive  injury  from  substaocei 
accidentally  met  with,  though  in  small  quantities  iothe 
coke  or  coal,  as  we  have  already  remarked;  and  e^co 
when  these  are  the  purest,  silicon  is  present,  whkh  ffl 
the  course  of  time  unites  with  andinjur^*3  the  Cnidbk; 
by  rendering  jt  brittle. 

For  enduring  a  violent  furnace  heaf,  the  conmioft 
Hessian  Crucibles,  made  of  clay  and  sand,  are  to  t< 
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rj.  preferred ;  ihe  Cornish  Crucibles  also  are  excellent ;  they 
^^  are,  of  course,  slightly  acted  upon  by  alkaline  Huxes  and 
vitrifit^d  oxides,  but  are,  on  the  whole^  tlie  best  for 
metallic  reduclioDs,  In  some  cases,  to  prevent  the 
adhesion  of  the  metal  to  the  bottom  of  the  Crucible,  it 
is  adTisable  to  smoke  the  insside  well  over  a  liimp,  or 
cren  to  line  the  interior  of  the  Crucible  with  pounded 
charcoal,  made  into  a  paste  with  a  small  quantity  of 
linseed  meal  and  w  aler  The  black-lead  Crucibles  are 
made  of  that  mineral  and  fine  clay ;  they  bear  the  most 
violent  heats,  and  are  little  disposed  to  crack,  hut 
they  are  quite  unfit  for  retaining'  fluxes.  Their  princi- 
pal use  is  for  the  fusion  of  metals ;  and  the  larg-er 
kinds  are  easily  converted  into  most  convenient  port- 
able furnaces, 

DudUaiory  Apparains.  The  process  of  distillation 
depends  upon  this  principle*  that  by  the  upplication  of 
heat  many  Utiuids^  and  even  solids,  may  he  raised  in  the 
state  ofvapourjand  again  condensed  when  thiit  %^apour 
arrives  in  such  a  situation  as  to  lose  the  heat  which 
had  been  communicated  to  it.  Thus  a  separation  of 
pure  from  impure  is  eflecled.  For  instance,  in  the 
Laboratory  it  is  essential  to  have  a  copious  supply  of 
pure  water.  Now  the  common  spring'  water  is  usually 
contaminated  with  earthy  and  alkaline  salts,  and  with 
some  mineral  acids.  To  remove  these*  distillation  is 
resorted  to.  Fig.  8  represents  a  common  Luboratory 
atilb  This  instrument  frequently  forms  a  part  of  the 
range  of  furnaces  underneath  the  open  chimney,  but  it 
inay  with  equal  or  greater  convenience  be  placed  over 
a  portable  furnace^  as  in  the  Plate,  and  in  this  form  its 
construction  will  be  more  obvious.  A  is  the  body  of 
the  furnace,  B  its  door,  C  the  top,  or  lid  of  the  furnace, 
is  removed ;  and  in  its  place  is  the  body  of  the  still 
fitting  in  like  a  pan  to  come  over  the  fire.  H  is  the 
bead  of  the  still  fitting  well  to  the  body^  and  continued 
by  a  long  neck  D,  which  enters  the  worm  tube  at  F. 
E  is  the  refrigeratory,  a  wooden  vessel,  filled  with 
cold  water*  through  which  the  worm  tube  passes  and 
issues  at  G.  Suppose  the  body  of  the  still  filled  with 
pump  water,  and  placed  over  the  furnace  ;  as  soon  as 
ebullition  commences,  the  steam  will  proceed  towards 
G,  its  only  outlet:  but  in  its  passage  thi then  being 
condensed  by  the  cold  water  surrounding  the  worm,  it 
will  issue  in  a  small  stream  from  the  orifice  G. 

By  the  early  writers  the  term  alembic  was  given  to 
instruments  for  distillation,  and  is  still  employed  by 
sume.  Fig.  9  is  e  representation  of  a  very  convenient 
form,  in  which  the  necessity  for  a  worm  tube  is  avoided ; 
and  it  may  be  used  either  for  distillation  over  the  fire 
immediately*  or  with  the  intervention  of  a  water-bath. 
It  consists  of  four  pieces  ;  A  is  the  boiler  which  fits  into 
llie  top  of  a  portable  furnace,  as  far  as  the  projecting 
shoulder  A.  At  E  is  an  opening  closed  by  a  cork, 
through  which  additional  supplies  of  the  liquor  to  be 
clistillcfl  may  be  introduced  without  disturbing  the  ap- 
paratus. B  is  the  water- bath,  which  sinks  almost  to 
the  bottom  of  the  vessel  A,  and  is  thus  deeply  immersed 
in  the  hot  water.  This  part  is  only  occasionally  fitted 
in  to  distil  such  spirituous  liquors  as  do  not  require  the 
greater  heat  of  the  fire,  and,  in  fact,  would  be  injured 
by  unprotected  exposure  to  its  action,  C  is  the  capital. 
Of  part  in  which  the  vapour  is  condensed  ;  ttie  form  is 
conical,  and  a  small  channel  runs  round  the  bottom 
intenially  to  collect  the  condensed  fluid  as  it  Irickles 
down  from  the  under  surface  of  the  cone.  From  this 
channel  it  is  conveyed  into  any  convenient  vessel  by  a 


pipe  terminating  at  F,  The  upper  surface  of  the  cone 
forms  the  bottom  of  the  vessel  D,  which  is  kept  con- 
stanily  full  of  cold  water  for  the  condensation  of  the 
vapour,  and  hence  is  called  the  refrigeratory.  This  ' 
water  is  let  off  by  the  stopcock  c,  when  it  becomes 
warm,  and  a  fresh  supply  is  poured  in  at  the  top,  which 
is  left  uncovered  for  the  purpose.  The  whole  may  be 
made  of  tinned  copper  ;  and  this  alembic  possesses  a 
great  advantage  over  the  still  before  described,  that  all 
its  parts  may  readily  he  cleaned  ;  while,  if  the  still  with 
the  spiral  worm  be  employed  for  strongly  scented 
waters,  or  volatile  oils,  it  is  extremely  difficult  to  get  it 
free  from  their  contamination.  Some  trouble  is  caused 
by  the  necessity  of  frequently  changing  the  water  in 
the  refrigeratory  ;  and  it  is  essential  that  the  cone  be 
made  to  taj)er  upwards  to  a  considerable  height,  as 
otherwise  the  drops  are  apt  to  fall  back  into  the  boiler« 
or  body  of  the  still.  This  form  of  the  instmment  is, 
]>robably,  more  ancient  than  the  spiral  condensing 
worm,  as  it  is  only  an  improvement  upon  the  simple 
alembic  of  the  Alchemists, 

Fig.  10  represents  this  last-mentioned  instrument. 
It  consists  of  two  parts»  the  cucurbit  A,  into  which  the 
substance  for  distillation  is  put ;  and  B,  the  capital,  or 
part  wherein  the  vapour  is  condensed  ;  the  neck  C  of 
the  cucurbit  fits  into  the  capital  and  round  the  rim  of 
the  latter  at  DD:  there  is  a  channel  in  which  the  liquor 
from  the  top  of  the  capital  is  collected  and  carried  by  a 
pipe  E  into  the  vessel  destined  for  its  reception.  Some- 
times the  whole  is  of  one  piece,  and  in  this  case  there 
is  a  stopper  at  F  for  the  admission  of  the  liquor  to  tie 
acted  upon.  Silver  or  glass  are  the  materials  of  which 
this  instrument  is  usually  formed,  and  it  may  be  con- 
veniently used  ovTr  a  lamp,  or  in  a  sand-hath.  The 
bottom  of  the  cucurbit,  if  made  thin»  will  bear  a  con- 
siderable heat. 

The  most  simple,  and,  for  Chemical  purposes^  the 
most  common,  apparatus  for  distillation,  is  the  retort 
and  reeeiver. 

The  retort  is  either  plain  (fig.  II)  or  tubulated, 
(fig,  13,)  and  fitted  with  a  ground  stopper  at  the  top. 
A  is  the  body  for  the  reception  of  the  substance,  B  is 
the  neck,  and  C  the  beak  which  is  fitted  into  the  neck 
of  the  receiver*  (fig.  12.)  In  some  cases*  also,  luting 
is  applied  to  keep  the  vapours  enclosed  within  the 
vessels.  Retorts  are  made  of  dtlfereni  substances  ;  as 
lead,  porcelain,  earthenware,  and  glass;  the  latter  may 
conveniently  be  used  over  an  Argand's  lamp  ;  and  will, 
if  good,  bear  any  heat  below  that  at  which  glass  fuses. 

When  the  plain  retort  is  used,  a  long  funnel,  (fig. 
15,)  called  a  retort  furuiet^  is  extremely  convenient  for 
pouring  in  a  liquid  without  wetting  the  neck  of  the 
retort. 

The  receiver  (fig.  12)  is  the  vessel  into  which  the 
distilled  liquid  drops  fi-orn  the  beak  of  the  retort;  and 
in  some  cases  to  elfect  the  entire  condensation  of  the 
vajTour,  it  is  necessary  to  keep  the  receiver  immersed  in 
cold  water,  or  even  in  a  freezing  mixture. 

The  adopter  (fig.  14)  is  employed  to  prolong  the 
distance  between  the  retort  and  receiver.  The  beak  of 
the  retort  is  inserted  at  one  end,  and  the  beak,  or  small 
end  of  the  adopter,  in  a  similar  manner,  enters  the 
mouth  of  the  receiver.  These  vessels  are  usually  made 
of  glass. 

Fig.  16  represents  a  very  convenient  little  retort 
easily  made  from  a  piece  of  glass  tube,  and  which  may^ 
if  necessary,  be  called  the  tube  rttort 
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Chemistry.  Dropping  Battle.  A  common  bottle  of  any  sort  with 
^-^v^"^^  a  tube  psfising  through  the  cork,  having  a  capillary 
orifice.  This  is  a  most  useful  little  instrument;  as  it 
is  obvious,  that  if  the  bottle  be  half  full  of  distilled 
water,  and  held  in  the  hand  when  inverted,  the  expan« 
sion  of  the  air  from  the  warmth  of  the  hand  will  propel 
the  liquid,  drop  by  drop,  frbm  the  orifice  of  the  tube. 
See  fig.  17. 

Dr^lfping  Tvbe.  This  is  represented  in  fig.  18.  It 
is  useful  to  add  gradually  any  liquid  reagent  to  a  solu- 
tion ;  for  the  lower  orifice  being  extremely  small,  the 
tube  may  be  filled  by  kicking  the  air  out  from  the  larger 
end,  and  the  finger  applied  to  the  orifice  from  which 
the  mouth  is  removed,  prevents  the  escape  of  the  liquid 
from  the  tube,  until  it  is  brought  to  the  vessel  for  which 
it  is  designed ;  and  when  there,  regulates  to  a  drop 
the  quantity  suffered  to  descend  firom  the  tube. 

Drying  Intintmeni  for  PrecipiiaUi  in  FiUret.  A 
(fig.  19)  is  an  Argand  lamp,  B  is  a  vessel  containing 
water  to  be  boiled  by  the  lamp,  with  a  sort  of  chimney 
by  the  Aide  for  the  escape  of  steam.  C  is  a  glass 
vessel,  which,  resting  on  a  rim,  sinks  into  the  water  ; 
and  within  this  conical  glass  the  filtre  to  be  dried  is 
placed. 

Eudiometer.  Of  this  instrument  there  are  several 
kinds ;  the  earliest  was  employed  by  Priestley,  in  con- 
sequence of  his  discovery  that  nitrous  gas  absorbed 
oxygen  from  atmospheric  air,  and  produced  a  substance 
absorbable  by  water.  This  method  will  be  described 
hereafter,  but  for  the  experiment  itself  a  graduated 
glass  tube  is  sufficient,  with  another  smaller  one  of 
known  capacity,  by  which  to  measure  Uie  quantities  of 
the  respective  airs  submitted  to  experiment.  Fig.  20 
represents  Priestley's  instrument. 

VoUa*9  Eudiometer  consists  of  a  very  strong  glass 
tube,  about  seven  inches  long,  open  at  the  lower  end 
ofily,  and  graduated  into  hundredths  of  a  cubic  inch, 
(fig.  21.)  Very  near  to  the  top  of  the  tube  a  short 
piece  of  wire  passes  through,  and  is  cemented  into  each 
side  of  the  tube,  leaving  a  distance  of  about  -^^th  of 
an  inch  in  the  middle  of  the  cavity  of  the  tube  between 
their  two  ends.  When  a  mixture  of  gases,  that  may  be 
united  by  the  electric  spark,  is  confined  in  this  tube,  one 
of  the  wires  is  connected  by  a  chain  with  the  outer  act- 
ing of  a  charged  jar ;  then  if  the  glass  knob  be  brought 
into  contact  with  the  other  wire,  a  discharge  takes  place, 
causing  a  strong  spark  to  pass  between  the  ends  of  the 
wires  within  Uie  tube,  and  thus  the  union  of  the  gases 
is  effected.  The  French  close  the  lower  end  of  this 
Eudiometer  with  a  stopcock,  and  give  a  more  compli- 
cated form  to  the  whole  instrument ;  but  it  is  thereby 
rendered  more  liable  to  be  burst  by  the  violence  of 
the  explosion.  In  England  the  Eudiometer  generally 
stands  over  the  mercurial  trough  at  the  time  of  an  ex 
periment,  and  is  supported  by  an  iron  clamp,  which 
by  means  of  a  spring  allows  of  some  elevation  at  the 
moment  of  the  explosion,  but  not  so  much  as  to  raise 
the  tube  above  the  surface  of  the  mercury.  It  is  an 
advantage  to  be  able  to  sink  the  Eudiometer  down  into 
the  fluid,  so  that  the  exterior  portion  may  be  on  a  level 
with  that  on  the  interior  of  the  tube,  otherwise  a  calcu- 
lation is  necessary. 

To  these  instruments  we  must  recur  hereafter  .when  a 
greater  knowledge  of  Chemical  agents  may  make  their 
use  more  intelligible.  Fig.  22  is  Dr.  Hope's  Eudio- 
meter ;  fig.  23  is  Mr.  Pepy's ;  figs.  24  and  25  Davy's ; 


and  fig.  26  is  a  graduated  glass  tabe  u  employed  by  Hiv 
Berthollet  ha 


Evaporating  Dishea^  or  CapiuUi^  are  generally  made  ^ 
of  Wedgewood's  ware,  either  in  the  form  of  AMow  ^ 
pans,  (fig.  27,)  or  segments  of  a  sphere,  (fig.  98 ;)  for 
some  purposes  dishes  of  copper,  platinum,  or  sihrv, 
may  be  employed ;  and  for  minute  experiments  a  watdH 
g^ ass  is  a  most  convenient  vessel. 

FUei.  Of  these  different  sorts  are  required,  but 
especially  the  three-cornered  file  for  cutting  a  small 
notch  in  glass  tubes,  after  which  they  easily  bmk  in  the 
place  required.  Also  the  kind  called  Rat  s-tul,  as  with 
these  perforations  are  readily  made  in  corks,  through 
which  glass  tubes  have  to  be  passed. 

Ftitre.  The  process  of  filtration  is  so  generally 
known  as  to  render  all  description  unneceasary.  For 
some  purposes  a  vessel  made  of  porous  stone  is  flon* 
ployed,  or  even  a  jar  with  a  stratum  of  sand  at  the  bol* 
tom.  Hair  sieves,  flannel  bags,  and  musKn,  or  a  pieeiB 
of  tow  in  a  common  tunnel.  For  all  delicate  purpoaea 
in  the  Laboratory  a  piece  of  unsized  paper  is  preferable* '  - 
If  the  filtre  is  larg^  it  must  be  folded  into  a  conical 
form,  and  placed  ¥nthin  a  glass  tunnel,  but  in  all  cases 
it  is  advisable  to  avoid  the  use  of  filtres  as  much  as 
possible.  The  object  of  filtration  is  generally  to  obtain 
a  precipitate,  that  it  may  be  dried  and  its  quantity  aaoer* 
tained  -,  now  it  is  scarcely  possible  to  remove  the  whole 
of  the  filtered  substance  from  the  paper  without  km; 
and  if  the  precipitate  be  dried  upon  the  filtre,  imlcn 
the  paper  be  reduced  to  exactly  the  same  state  of  dry- 
ness as  at  first,  a  fallacious  weight  is  introduced.  la 
most  cases  a  precipitate  will  in  a  reasonable  time  tfnh 
down  to  the  bottom  of  a  fluid  with  which  it  is  mixedv 
and  the  clear  supernatant  liquid  may  be  drawn  off  by 
a  sucking  tube,  (fig.  18 ;)  but  as  a  paper  filtrer  is. 
sometimes  necessarily  employed,  the  following  aitifieM^ 
are  not  without  their  utility. 

From  the  same  sheet  of  paper  make  a  double  fUtrew 
that  is,  one  filtre  fitting  within  another.  Use  bottft 
together,  and  dry  both  together.  Then  take  the  tmm 
containing  the  precipitate  out  of  the  other,  and  hf 
placing  the  empty  one  in  the  scale  which  contains  the 
weights,  a  counterpoise  is  obtained,  and  all  fiirther  ori- 
culation  rendered  unnecessary. 

Sometimes  the  precipitate  is  to  be  dried  at  a  red  heali 
and  although  the  ashes  remaining  after  the  combustion 
of  a  small  filtre  do  not  amount  to  more  than  -^th  of  i 
grain,  and  might  easily  be  allowed  for,  yet  frequently 
the  precipitate  is  of  such  a  nature  that  the  carbonaoMMM 
matter  would  at  a  high  temperature  produce  decompo- 
sition. Perhaps  in  such  a  case  the  following  method 
is  as  short  as  is  consistent  with  accuracy. 

Use  the  double  filtre  as  before.  Reduce  the  whois 
to  such  a  state  of  dryness  as  may  leave  the  predpitals 
state  coherent,  but  not  pasty.  By  separating  the  filtreSi 
and  using  one  as  a  counterpoise  to  the  other,  the  weight 
of  the  precipitate  in  this  state  is  known.  Let  this  weiglil 
=  a.  Detach  some  of  the  precipitate  from  the  filtn^ 
and  put  it  into  a  platinum  crucible,  carefiiUy  ascertaining 
the  weight  of  the  quantity  so  introduced.  Lict  this  ss  &• 
Subject  the  crucible  and  its  contents  to  the  required 
heat,  and  again  ascertaining  the  weight  of  the  precipitate 
now  it  is  thoroughly  dry,  let  this  weight  =s  m  ;  then  it 
is  evident  from  proportion  that  the  weight  of  the 

precipitate,  supposing  it  so  dried^  =  -y~* 

6 


M  1  S  T  R  Y. 


GOl 


I 


When  the  quantity  of  fluid  to  be  filtered  is  very 
small,  and  the  clear  liquor  is  wanted  for  experinient,  it 
is  advisable  to  moisten  the  filtre  first  with  distilled 
water,  to  com  pen  Bate  for  the  moisture  which  it  will 
absorb. 

Flash.  Fig's,  29 »  30,  and*  31  are  of  the  common 
form  and  of  while  glass ;  they  are  prindpally  used  for 
forming  sokitioiis  in  acids,  water,  &c.  The  common 
flasks  in  which  Florence  oil  is  sold  are  the  best  that  can 
be  procured  ;  they  will  bear  a  heat  approaching^  to  red- 
nes^  without  injury,  and  always  form  a  serviceable  and 
cheap  resource  for  the  experimental  Chemist. 

Furnace,  In  the  construction  of  furnaces  there  ia 
^reat  variety ;  Uie  following,  however,  are  some  of  the 
most  useful*  but  in  the  processes  of  modern  Chemistry 
largre  fiirnaces  are  much  less  called  for  than  formerly* 

The  Evaporating  Fttrnacey  or  Sand-bath.  Fig.  32 
represents  a  front  section  of  the  furuace  ;  A,  the  ash* 
bin  ;  B,  the  grate  ;  C,  part  of  the  Hue ;  E,  the  sand 
containing  an  evaporating  dish  at  F;  G,  Ihe  place  of 
the  ascending  flue.  Fig.  33  represents  a  vertical  sec- 
tion, perpendicular  to  the  former.  The  other  parts 
correspond  ;  hut  it  is  to  be  observed,  the  flue  C,  after 
running  along  the  front,  returns  again,  and  is  carried 
along  the  back,  aa  at  D,  before  it  rises  to  form  the 
chimney  G- 

The  Blast  Furnace  is  variously  made,  but  fig.  34  is 
on  Ihe  whole  the  most  convenient,  *' A  is  the  internal 
cavity  for  containing  the  fuel  and  crucible,  it  is  slightly 
bevelled  downwards,  aa  in  the  figure,  to  allow  of  the 
fuel  sinking  down  as  the  lower  part  is  consumed;  B  is 
the  flue  passing  into  a  hot  chamber  ;  C»  an  appendage 
particularly  useful  for  drying  luted  crucibles,  or  raising 
ihem  gradually  to  a  proper  lemperalure  for  the  furnace, 
for  roasting  ores»  and  various  other  pnrposes ;  D  is  the 
flue  connecting  it  with  the  vertical  chimney  E,  which, 
to  produce  a  strong  heat,  should  be  30  or  40  feet  high  ; 
F  F  are  covers,  consisting  of  twelve-inch  Welch  tiles, 
with  handles;  G,  the  stoke-hole,  through  which  no 
more  of  the  fire  iti  seen  than  what  appears  between  the 
grate  and  the  bearing  bar  H,  this  space  is  left  for  the 
purpose  of  raking  the  fire,  or  occasionally  taking  out 
the  bars;  K  is  the  ash-pit*  which  is  sunk  below  the 
level  of  the  ground,  and  is  covered,  when  it  projects  at 
L,  by  an  iron  grating/^     Henry. 

The  Rtm-Uratory  Purnaca.  *'  Figs.  35,  36,  and  37 
represent  the  section  and  plans  of  a  Reverberatory 
Furnace.  The  fuel  is  cfmtained  in  an  anterior  fire- 
place, and  the  subsstance  to  be  exposed  to  the  heat  is 
placed  on  the  floor  of  another  chamber,  t»ituate  between 
the  front  one  and  chimney.  The  flame  of  the  fuel 
passes  into  the  second  compartment;  by  the  form  of 
which  it  is  concentrated  upon  the  exposed  substance, 
which  is  never  confined  in  a  separate  vessel  or  crucible, 
Uil  placed  on  the  floor  of  the  furnace.  When  reduced 
to  a  state  of  fusion,  the  melted  mass  is  allowed  to  flow 
out  through  the  tap-hole  at  IL  In  al!  three  figures,  A 
represents  the  ash-pit;  B,  the  grate  composed  of 
moYttble  bars;  C,  the  door  at  which  the  fuel  is  intro- 
duced ;  D,  a  do 01  in  the  side  of  the  chamber  for  the 
purpose  of  innpecting  the  process  ;  E,  tlie  floor  of  the 
furnace,  which  descends  and  is  gradually  contrsicied 
towards  the  back  part ;  F,  another  door,  for  introducing 
and  stirring  the  materials;  G,  the  back  part  of  the 
furnace,  immediately  under  the  chimn*>y  ;  II,  the  lap- 
hole;  I,  the  fhimney."     (Henry's  Chemidry.) 

The  Forge,  as  used  in  every  blacksmith's  shop,  gives 


a  Tery  intense  heat,  and  forms  a  valuable  part  of  every 
well  appointed  Laboratory. 

The  Assay  Furnace  being  applied  to  the  purpose.^ 

of  that  art  oidy*  and  but  seldom  used  in  experimentaj 
research,  we  refer  to  the  Article  on  tlmt  subject  in  the 
Misceiianeotis  DeparimenL 

Knight's  Portable  Furnace  h  one  of  the  most  useful, 
as  it  may  be  applied  to  a  great  variety  of  purposes.  It 
is  made  of  sheet  iron,  and  lined  with  fire  clay.  Fig,  38 : 
A  is  an  aperture,  with  a  movable  stopper  for  the  neck 
of  a  retort  in  distillation ;  B  is  the  door ;  C,  another 
aperture,  corresponding  to  one  on  the  other  side,  for 
introducing  a  porcelain  tube  if  necessary;  D  is  the  ash* 
bin»  with  a  sliding  register  to  regulate  the  draught. 

AikifiM  Portable  Blmt  Furnace  is  formed  from  the 
common  black-lead  crucibles  used  by  the  goldsmiths. 
In  fig,  39,  the  lower  piece  C  is  the  bottom  of  one  cut  off 
so  as  to  leave  a  cavity  of  about  one  inch  in  depth. 
The  middle  piece  or  fife*place  A  ia  formed  from  allother^ 
and  a  third  is  inverted,  and  placed  upon  the  centre 
piece  ui  B  ;  a  hole  is  cut  for  the  escape  of  smoke;  the 
pipe  of  a  pair  of  double  bellows  is  inserted  at  F»  and 
from  the  cavity  in  Ihe  piece  C  the  air  passes  through 
six  gimlet  holes  to  the  fire ;  on  a  stand,  resting  in  the 
bottom  of  the  turnace,  a  crucible  is  placed,  as  seen  at 
X.  Ttiis  furnace,  if  supplied  by  the  steady  action  of  a 
good  pair  of  double  bellows,  produces  a  prodigious 
heat,  and  is  certainly  one  of  Ihe  most  economical  and 
eflectual  furnaces  in  the  Laboratory,  By  a  slight  altera- 
tion it  may  be  adapted  to  the  pnrposes  of  assaying.  See 
Henry's  Cheinisinj^  vol  i»  p»  446, 

Common  Crucible  Furnace.  The  same  kind  of  cru- 
cible, with  a  small  kind  of  grate  loosely  tilted  in,  so  as 
to  give  room  for  a  sort  of  ash-bin  beneath,  and  having 
a  hole,  as  at  A,  fig.  40,  for  the  pipe  of  a  pair  of  bellows, 
will  be  found  of  constant  and  essential  service. 

Gmomcttr.  An  instrument  for  containing  gases,  and, 
as  the  name  implies,  for  measuring  their  volume.  Of 
the  common  gasometer,  fig,  41  represents  the  vertical 
section.  A  is  a  hollow  cylinder  of  sheet*tin,  entirely 
open  at  the  bottom,  and  sliding  freely  up  and  down 
between  the  sides  of  the  fixed  cylinder  B  and  the  ex- 
terior of  the  gasometer  C,  D  and  K  are  stopcocks  at 
the  mouths  of  the  tubes,  which  run  duwn  the  sides  of 
the  vessel,  and*  uniting  in  the  centre,  reascend  to  F,  thus 
forming  a  commiinieation  with  the  interior  of  the  in- 
strument Water  is  poured  in  at  the  top,  and,  by  inspec- 
tion of  the  figure,  it  is  obvious  that  the  water  will  rise 
from  the  bottom  F  Q,  until  it  reaches  the  level  of  the 
doited  line  D  E,  filling  only  the  space  between  the 
cylinder  B  and  the  exterior  surface  of  the  gasometer; 
a  circular  ring  of  about  one  inch  in  breadth.  Thus,  all 
communication  between  the  gas  in  A  and  the  atmo* 
spheric  air  is  cut  off.  By  opening  either  or  both  the 
stopcocks,  D  and  E,  and  pressing  down  the  cylinder  A, 
the  air  is  driven  out^  and  by  the  same  apertures  any 
other  air  may  be  introduced.  The  volume  of  air  con* 
tuinetl  is  shown  by  the  graduated  line  on  the  side  of  the 
movable  cylinder.  G,  G  are  weights  running  on  pulleys 
for  counterpoise.  F  is  a  cavity,  in  which  it  is  some- 
times convejiient  to  put  solid  substances  capable  of 
abstracting  certain  impurities  from  the  gas  contamed  iu 
the  vessel. 

Pcpya  Gatometer,  or  Gasholder^  consistsof  a  japanned 
iron  or  copper  vessel,  fig,  42,  A  is  the  part  which 
contains  the  gas,  and  commonly  holds  si]c  or  eight 
gallons,     B  is  a  cistern  for  holding  water,  having  two 
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Chemistry,  tubes  opeiiiiig-  into  it.  The«ie  tubes*  liimished  with 
*■— ^^--^  stopcocks,  are  seen  at  C  and  D  imderiieath  the  cistern, 
the  middle  one,  D.  reaching  nearly  to  the  bottom  of  the 
veHsel  ;  the  olher  tube  C  opens  into  the  lower  vessel  A. 
but  is  not  continued  downwards.  In  order  to  fill  this 
vessel  with  water,  the  apertnre  F  ir»  closed  with  its 
screw  ;  Ihe  stopcocks  C^  D,  E  being  all  open,  water  is 
pQured  into  the  cistern  above,  which  descending  tbrouj^h 
the  tubes  C  and  D,  forces  out  the  air  from  E.  When 
the  gfasholder  is  nearly  full,  the  stopcock  E  must  be 
closed,  and  the  »mnl\  remaininf^  quantity  of  air  will 
escape  tbroug'h  C  until  the  vessel  is  quite  fulli  when  the 
stopcock  must  be  closed.  To  fill  the  vessel  with  any 
gas*  as  oxygen  for  instance*  an  iron  bottle,  containing; 
manganese,  is  put  into  the  fire,  and  the  stopcocks 
beings  all  closed,  the  aperture  F  is  opened,  and  the  end 
of  a  tube  passin^^  fi-om  the  iron  bottle  is  introduced. 
It  is  obvious  that  as  soon  as  an  evolution  of  gpas  takes 
place  from  the  end  of  the  tube,  it  will  ascend  to  the 
top  of  the  gasometer^  and  the  displaced  water  will 
escape  at  F.  The  tube  G  is  of  glass,  and  opens  at  top 
and  bottom  into  the  gasometer,  and  of  course  serves  to 
show  the  level  of  the  gas  at  any  time.  Bladders  may 
be  filled  at  E,  or  jars,  if  placed  in  the  trough  over  the 
orifice  C  ;  but  previously  to  all  such  operations  the  orifice 
F  must  be  carefully  closed.  The  funnel  screws  on  at 
B,  for  the  sake  of  increasing  pressure  when  a  bladder 
is  to  be  filled,  or  the  instrument  converted  into  a  blow- 
pipe by  screwing  a  jet  on  at  E. 

Gasometer  for  producing  a  vniform  Pressure .  The 
gasometer,  fig.  43,  is  taken  from  Biot's  Pkysiqite,  ami 
either  the  same,  or  one  on  a  similar  principle,  will  be 
found  of  great  ser%'ice  in  many  experiments  on  the 
gases. 

Let  a  vessel  B  be  furnished  with  tubes  and  stopcocks 
at  S,  R,  and  o.  Let  there  be  a  communication  by  the 
lube  Z  (having  a  stopcock  at  O)  with  the  vessel  A, 
having  apertures  at  F  and  T»  the  former  fitted  with  a 
stopper,  and  the  latter  having  a  tube  open  at  both  ends. 
This  flat  top  is  cemented  to  the  vessel  A.  Now  sup- 
pose the  cock  at  O  closed,  and  that  the  vessel  A  is  filled 
with  water  through  F,  which  is  then  closed  with  its 
stopper.  If  the  cocks  S  and  o  be  shut,  and  those  at  R 
and  O  be  opened,  the  water,  descending,  will  drive  the 
air  through  the  tube  at  t,  and  this  current  of  air  wiil 
issue  with  a  uniform  velocity  ;  for,  by  a  well  known  law, 
it  will  at  all  times  be  subject  to  the  pressure  of  a  column 
of  water,  eiLtending  no  higher  than  the  point  H,  wherever 
the  surface  of  the  water  may  be  in  the  vessel  A.  Of 
course  it  must  not  descend  below  the  point  H.  The 
extremity  of  the  tube  Z  is  made  to  bend  upwards  in  the 
vessel  B,  to  prevent  the  air  rising  through  the  descend- 
ing fluid  into  the  vessel  A. 

To  fill  this  gasometer  with  any  gas,  let  us  suppose 
the  common  air  all  driven  out  through  R,  and  the  vessel 
B  filled  with  water.  Close  O  and  R.  Affijt  a  bladder 
containing  the  gas  to  t,  which  tube  descends  to  the  bot- 
tom of  the  vessel  at  h.  Open  the  cocks  at  S  and  o, 
and,  as  the  gas  enters  the  vest^el  B,  the  water  will  issue 
at  the  orifice  o,  till  the  cock  S  he  closed.  In  this  slate 
the  instrument  is  extremely  convenient  for  hurning  com- 
bustible gases  from  jets  fixed  at  R,  for-  the  cocks  S  and 
o  being  closed,  by  opening  O  a  uniform  current  of  gas 
is  delivered  as  before.  It  will  easily  be  seen  that  the 
gas  may,  if  necessarj',  be  transferred  to  one  or  more 
such  vessels,  as  represented  in  the  plate  wherein  the 
corresponding  letters  A,  B,  F,  H,  O,  &c»  represent  the 


same  corresponding  parts  in  the  first  descriptioA.    Thi 
apparatus  provides  a  convenient  method  for  subjecting 
gases  to  intense  cold  or  to  great  heat ;  for,  if  the  com- 
munication be  made  between  R  and  8,  by  the  tube  U 
this  tube  m-^y  he  passed   through  a  furnace  or 
convenient  apparatus,  and  by  the  intervention  of  a 
vessel  B|  or  the  removing  the  former  one  B,  the 
may  be  passed  through  the  tube  as  often  as  is  reqi 

Fig.  44  is  the  outline  of  a  similar  apparatus,  in 
the  gas  is  preserved  from  the  contact  of  water  by 
backwards  and  forwards  through  the  tube  /,  from 
ders  at  its  extremities.  Here  B  is,  at  first,  full  of 
By  the  admission  of  water  and  opening  the  cock  at 
a  current  of  air  is  driven  into  C,  which,  compressing 
bladder,  propels  the  gas  through  the  lube  V  V,  imolhA< 
other  bladder.  By  a  similar  application  of  the  g^sonier 
ter  B,  the  gas  may  be  driven  back  again  to  C,  and  so  0a 
without  limit. 

The  Graduating  Ttfheis  a  taper  glass  tube,  fig.  4 5, with 
a  capillary  orifice-  Suppose  that  it  is  required  lu  gr*. 
duate  a  glass  measure  into  cubic  inches,  or  tenths,  or 
hundredths.  The  weight  of  such  a  given  volume  of 
mercury  is  easily  obtained  by  calculation  ;  this  qumniit^ 
is  then  carefully  weighed  into  a  glass  capsule,  and  fit»a> 
thence  either  poured  or  sucked  into  the  tube^  The 
height  M,  at  which  it  stands  in  the  tube,  is  then  mr^-^ 
with  a  file,  mid  by  successively  filling  the  tube  t 
mark,  and  then  transferring  the  contents  to  the  tube  w 
be  graduated,  marking  it  at  each  time,  any  number  o( 
the  required  degrees  may  be  obtained. 

In  this  process  let  *  be  the  specific  gravity  of  tbe 
mercury  employed,  and  as  at  the  temperature  6^°  F.. 
cubic  inch  of  water  weighs  252,458  grains  troy,  it  folio' 
that  if  our  graduation  required  were  yj^  of  a  cubic  im 
we  must  take  a  weight  of  mercury  equal  to  2,524  5§ 
grains,  to  form  the  standard  division  upon  our  ^r^^ 
duating  tube. 

Jars.     Of  these  Pneumatic  Chemistry  will  require  if 
extensive  assortment;  they  are  of  glass,  and  of  differvnt 
sizes ;  some  are  graduated,  some  are  not:  the  roeUbtf 
for  graduating  these,  is  identical  with  that  employed&r 
measures. 

Knives.     The  common  pallet  knife  of  the  pmnUn, 
and  other  similar  instruments  made  of  horn  or  bone. 

Lamp.  The  kinds  employed  in  the  Laboratory  we 
the  lamp  in  which  spirit  of  wine  is  burned  from  a  ctrtlM 
wick,  or  from  a  wick  made  of  a  fag^t  of  fine  ham 
wire ;  figs.  46  and  47.  The  former  is  of  glass,  ifai 
latter  of  japanned  tin.  Fig.  48  represent*  Argand'sOO 
Lamp  in  its  most  common  form.  In  this  well  knofn 
and  excellent  lamp  the  wick  has  a  circular  form,  lid 
thus  allows  a  current  of  air  to  pa^^  up  througil  tin 
centre  of  the  fiame.  The  combustion  is  rendered  9 
perfect,  by  proper  management,  as  to  allow  of  node* 
posit  of  lamp  black  on  the  vessels  exposed  to  itsflwfe 
For  effecting  solutions  in  flasks,  for  distillations  iti  owl 
retorts,  and,  indeed,  for  every  experiment  to  be  cob- 
ducted  on  a  small  scale,  this  is  an  invaluable  instrttmeit 
in  the  hands  of  the  experimental  Chemist. 

Professor  Daubeney,  of  Oxford,  speaks  highly  fl^ a 
jiortable  gas  lamp,  and  such  we  have  seen  ;  but  i  ♦'V 
this  sort  of  lamp  is  not  in  general  use* 

Littes  and  Cements.  Lutes  are  cementing  substencfi 
applied  to  the  joints  of  Chemical  apparatujk^  ts^^eaJlf 
retorts  and  receivers,  to  prevent  the  escape  of 
matters.  It  is  sometimes  necessary  to  smear  or 
the  surfaces  of  retorts  or  tubes  with  some  such  suhsttDCC^ 
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ct  them  from  the  aulion  of  a  stTtitig  fire.  Ce- 
3  are  of  essential  ser\'ice  in  the  Lw-bomtory  to  join 
m  vessels,  and  to  assist  m  ton^lTWcimg  the  endless 
ty  of  apparatus  employed  In  Chemical  research.  A 
therefore*  of  the  moiit  useful  kinds  of  each  will  be 
ibed. 

it  Lvtv  is  made  of  g-ood  clay*  of  which,  perhaps, 
used  by  the  pipe-makers  is  the  best :  it  should  be 
dried,(biU,  accordine^  to  Theuard,  should  not  be 
aed.)finely  powdered,  and  sifted*  It  is  tlien  to  be 
lally  mixed,  and  beaten  up  with  drying  oil  The 
I  beating  it  receives*  the  better  is  its  rjuality.  The 
tity  of  oil  is  to  be  such  as  to  make  the  !ute  of  the 
stency  of  glazier's  putty.  It  resists  well  the  action 
rrosive  vapours,  but,  of  course,  does  not  bear  much 
In  a  closed  earthenware  vessel  it  will  keep  long 
iured,  which  g^reatly  adds  to  its  convenience. 
Tiseedf  or  Almond  Meal,  or  any  coarse  farinaceous 
jince,  if  formed  into  a  paste  with  water»  or,  what  is 
^tter, dissolved  starch,  or  weak  ^hie,  will  make  an 
lent  lute:  it  should  he  bound  round  with  slips  of 
tened  bladder,  or  bits  of  rag.  This  is,  perhaps, 
nost  convenient  lute  of  any,  but  its  combustibility 
I  its  application. 

me  forms  the  basis  of  some  valuable  lutes  and  ce- 
B.  Let  a  lump  of  quick  lime  be  partially  slaked, 
ing  once  dipped  in  water,  and  then  suffered  to  fall 
iwder:  a  thin  paste  formed  of  this  with  strong  §^lue, 
le  while  of  egg«^,  is  very  tenacious,  and  sets  with 

rapidity,  especially  if  some  more  of  tlie  powdered 
be  strewed  over  it.     For  joinings  glass  tubes,  re- 

and  receivers,  and  other  such  purposes,  a  rag  may 
jped  in  the  glue  or  white  of  egg,  and  wrapped  round 
esscl  ;  the  lime  being  applied  afterwards. 
ine  and  fine  brick-dust,  formed  into  a  paste  with 
I,  will  make  a  cement,  having  a  considerable  power 
liftting  moisture  for  coarse  purposes, 
simple  and  excellent  method  for  joining  glass  ap- 
lL«t,  is  by  soaking  slips  of  bladder  in  warm  water : 
ladder  then  thickens,  and  if  smeared  with  paste  or 
I  of  egg,  will  closely  adhere.  Linen  rag  and  paste 
sometimes,  be  similarly  employed.  The  cements 
ne  have  this  advantage,  that  they  may  be  ap]>lied 
itly  to  any  accidental  crack :  and  tlius,  by  careful 
lament,  the  vexation  and  loss  of  beginning  an 
tion  anew  is  avoided*  They  bear  also  a  consi- 
lie  beat  without  injury. 

■tf  Lute  is  applied  to  retorts,  or  tubes,  when  it  is 
sary  to  subject  them  to  a  strong  heat,  by  which 
night  otherwise  fuse  or  fall  together  and  lose  their 
B.  It  is  prepared  by  beating  clay  with  as  much 
(and  as  can  be  employed,  without  destroying  the 
ity  of  the  mass:  old  crucibles  pounded  are  better 
the  sand  j  and  chopped  hair,  or  straw,  or  tow,  must 
Ided  in  small  quantity*  Such  a  lute  is  applied  to 
iterior  of  iron  furnaces,  to  protect  the  metal  from 
:lion  of  the  fire.  The  lids  of  cnicibles  are  cemented 
'hen  required,  with  this  compound.  One  tiling  is 
rtant,  that  the  coated  vessel   be   suffered  to  dry 

fhly,  before  it  is  subjected  to  the  action  of  the 
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Lute  is  of  service  chiefly  to  counteract  the 
ity  of  earthen  retorts,  or  to  fill  up  the  cracks  by 
I  they  are  too  often  impaired.  The  following  is 
T mended  for  this  puqjose .  { Repertory  of  A  rts^  4'^* 
,)  **  Dissolve  one  ounce  of  borax  in  half  a  pint  of 
i§^  water,  and  add  as  much  flaked  lime  as  will 


make  it  into  a  thin  paste*  Spread  it  over  the  retort 
with  a  brush,  and,  when  dry,  apply  over  the  whole  a 
lute  of  slaked  lime  and  linseed  oil,  beaten  till  il  is  per- 
fectly plastic  This  l>ecomes  dry  in  a  day  or  two,  and 
the  vessel  is  then  fit  for  use*  Stcuieware  retorts  may 
thus  be  used  several  times  with  safety,  (always  renewing 
the  oil  and  lime  lute,)  whereas,  in  the  common  way,  and 
even  with  the  clay  and  hair  lute,  they  generally  crack 
when  cooling,  or  on  being  heated  a  second  time.** 

The  following  composition  is  recommended  byAikin 
for  jivining  on  the  covers  o(  crucibles,  or  other  such  pur- 
poses, where  it  is  required  to  keep  the  vessels  air-tight 
when  hot.  "  Brick-dust  and  clay,  in  fine  powder,  are  to 
be  mixed  with  a  tenth  part  of  glass  of  borax :  when 
wanted  for  use,  a  sullicieut  quantity  is  to  be  mixed  with 
water,  so  as  to  be  conveniently  applicable  to  the  vessels. 
The  heat  to  which  they  are  atlerwards  exposjed,  brings 
the  luting  to  a  state  of  semi  vitrification  adhering  firiidy 
to  the  crucible/* 

Parker^s  Cement^  made  into  a  paste  with  water,  soon 
sets;  it  will  bear  a  red  heat,  and  may  be  made  air- 
light  by  being  brushed  over  with  a  melted  mixture  of 
equal  parts  of  wax  and  oil. 

Planter  of  Parii,  Put  some  water  into  a  capsule, 
and  keep  sprinkling  the  powder  into  it.  This  cement 
may  be  made  air4ight  in  the  same  manner  as  the  for- 
mer, and  is  still  stronger  if  miiLed  up  with  weak  glue. 
It  will  bear  a  low  red  heat. 

Fmibie  Flujce^,  for  coating  tubes,  retorts,  &c<  so  as 
to  glaze  them^  may  be  made  by  mixing  any  clay  with 
one-teuth  of  its  weight  of  borax  ;  a  cream  is  to  be 
formed  with  water,  which  is  to  be  applied  with  a  brush. 

Stourbridge  Clay,  ground  to  a  fine  powder,  makeM 
w  ith  water  a  lute,  capable  of  bearing  a  higher  tempera- 
ture than  any  other  English  lute. 

A  sufficient  number  of  lutes  have  now  been  described 
for  the  Laboratory  of  the  experimentalist :  it  remains 
then,  under  this  head,  only  to  mention  some  of  the  best 
cements. 

Hard  Cement.  That  which  is  most  extensively  em- 
ployed, IS  easily  prepared  by  melting  together,  in  an 
iron  ladle,  five  part^  of  resin,  one  of  bees'  wax,  and 
adding  one  part  of  very  fine  brick-dust  or  bole  earth,  or 
red  ochre,  or  Venetian  red.  The  compound  is  to  be 
well  stirred  together;  it  may  be  poured  out  of  the 
ladle  upon  a  greased  stone  slab,  and,  while  warm, 
molded  into  sticks  and  kept  for  use.  This  cement  is 
well  adapted  for  joining  glass  vessels,  or  for  stopping 
cracks.  It  resists  moisture,  but,  of  course,  is  unable 
to  bear  heat  or  the  action  of  spirits  and  oils. 

A  still  cheaper  kind,  for  inferior  purposes,  is  made  of 
six  pounds  of  resin,  one  of  red  ochre,  half  a  pound  of 
plaster  of  Paris,  and  a  quarter  of  a  pint  of  linseed  oiK 
A  heated  iron  rod  is  the  most  convenient  mode  of  ap* 
plying  these  cements,  the  first  especially. 

Soft  Cement*  Yellow  wax  two  parts,  turf>enllne  one 
part,  with  a  little  Venetian  red  to  give  colour,  Thia 
cement  may  be  made  plastic  at  any  time,  by  working  it 
a  little  ill  the  liauds,  and  is  extremely  convenient  for 
rendering  any  apparatus  air-lighl,  where  heat  is  not 
likely  to  interfere ;  also  tor  rendering  the  stoppers  of 
bottles  perfectly  iiir- tight. 

Glass,  or  precious  stones,  may  be  very  firmly  united 
by  merely  heating  tliem  sufficiently  to  melt  mastic, 
which  is  to  be  applied  to  the  whole  of  the  surface  of  frac 
ture,  and  the  two  pieces  pressed  together  so  as  to  leave 
as  little  as  possible  of  cement  between. 
4  K 
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Caoutchoite,  or  Gum  Elastic,  is  a  useful  substance 
when  formed  into  tubea^  or  it  serves  to  join  glass  tub^s 
toother  for  the  transfer  of  gases  ;  for  this  purpose  there 
is  a  convenient  Rort  manufactured  in  sheets  by  Mr. 
Hancock,  Goswell  ^lews,  Go  swell -street-road. 

The  labels  are  usually  affixed  to  bottles  by  gum  water, 
but  for  this  purpose  isinglass,  dissolved  in  warm  vine- 
gar, is  preferable. 

Pmted  Paper.  This  is  a  most  convenient  mode  of 
affixing  labels,  and  also  for  stopping  cracks  in  apparatus. 
Mr.  Faraday  has  given  a  good  receipt  for  preparing  it. 
Take  equal  parts  of  powdered  gum  and  flour,  and  add 
a  little  alum,  make  this  into  a  thin  cream  with  water  in 
an  evaporaling  dish.  Keep  stirring  this  mixture  over 
a  lamp  till  it  boils,  and  after  it  has  tjoiled  a  few  minutes 
'  it  may  be  removed,  and  applied  to  the  peeper  with  a 
bmsh.  The  pajier  is  then  suffered  to  dry,  and  moistened 
for  use  as  occasion  may  require. 

Those  cements,  which  are  employed  for  uniting  me- 
tals, are  termed  solders^  and,  concerning  I  hem,  a  more 
particular  account  will  be  found  in  another  part  of  this 
Work:  but  as  the  Chemist  must  frequently  become  his 
own  workman,  he  will  have,  at  times,  to  experience  the 
great  difficulty  of  making  a  solder  unite  with  the  sur- 
faces of  the  metals  he  wishes  to  join.  In  Galvanic 
eipenments,  few  surfaces,  which  appear  to  touch,  are,  in 
reality,  in  such  contact  as  to  allow  of  the  conveyance  of 
the  fluid  :  hence  it  is  frequently  necessary  to  unite  the 
wires  by  soldering.  Copper  and  brass  wires  are  pre- 
pared  for  receiving  and  uniting  with  common  solder, 
by  dipping  them  into  a  solution  of  nitrate  of  mercury: 
by  this  method  they  are  rendered  perfectly  free  from 
grease,  and  an  amalgam  is  formed  at  the  surftiee  which 
materially  favours  the  operation. 

Iron  Cemenit  such  as  is  used  for  joining  iron  pipes,  is 
not  often  reqtjired  in  the  Laboratory.  It  consists  of 
sulphur  one  part,  sal  ammoniac  two  parts,  iron  eighty 
parts.  The  iron  to  be  clean  turnings  in  small  bit*^,  and 
the  whole  to  he  mixed  up  with  a  small  quantity  of 
water. 

Matrass,     See  Fiask. 

Meant  res.  The  measures  of  capacity  mentioned  in 
the  writings  of  English  Chemists,  are  the  wine  gallon; 
its  fourth  part,  the  quart ;  and  its  eighth>  the  pint, 
equal  to  28,875  cubic  inches.  Few  modern  writers, 
however,  make  use  of  any  measure  of  capacity  for 
gases,  except  the  cubic  inch^  which  forms,  undoubtedly, 
the  most  Scientific  unit. 

The  following  relations  are,  however^  important,  as 
they  form  part  of  the  Parliamentary  regulations  enacted 
in  1S25. 

The  pound  Troy  contains  5760  Troy  grains. 

The  pound  Avoirdupois  contains  7000  Troy  grains* 

The  Imperial  gallon  contains  277,274  cubic  inches, 
or  70000  grains  of  water.  Hence  the  pint  contains 
^4,66  cubic  inches  very  nearly,  or  8750  Troy  grains  of 
water. 

The  cubic  inch  of  water  =  252,4^8  Troy  grains. 

ITie  cubic  inch  of  mercury  t=  3425,35  Troy  grains. 

The  standard  temperature  and  pressure  for  the  above 
being  Thcnnomcter  F.  62,  Barometer  30  inches. 

It  may  be  convenient  to  remember  that  to  convert 
old  measures  to  the  Imperial  standard^ 

Multiply  by  0.96943  in  corn  measure. 

Multiply  by  0.83311  in  wine  measure. 

Multiply  by  1.01704  in  ale  measure. 

And  to  convert  the  Imperial  into  the  old  measures. 


Multiply  by  1. 03 1 53  in  corn  measure. 
Multiply  by  L2003*^  in  wine  memsUFe, 
Multiply  by  0.98324  in  ale  measure. 

The  accurate  graduation  of  measures  for  |^ 
liquids,  is  of  great  importance  to  the  practical  Cfa 
and  for  this  purpose  a  very  convenient  instrument 
been  already  described.     See  GradwUin^  Tuht* 

When  ajar  only  partly  filled  with  any  air  is 
tng  over  the  pneumatic  trough,  it  is  evident  thati 
air  within  is  not  under  the  full  pressure  oft  the 
sphere,  and  therefore  has  its  volume  enlarged, 
know  the  actual  volume  under  a  mean  pressure  \ 
temperature,  a  calculation  is  necessary  ;  (see 
ter  in  Chemistry  ;)  but  supposing  a  jar  to  t>e  imtnened 
always  to  the  same  depth  in  the  trough,  say,  for  eimoqil^ 
one  inch  ;  then,  if  it  be  first  filled  with  water^  and  m^ 
cessivc  equal  measures  of  air  be  admitted  fftHD  i 
smaller  vessel,  the  jar  may  be  tolerably  aocurmtely 
graduated  as  far  as  pressure  is  concerned  ;  aini  to  tUi 
case,  it  is  evident  that  the  divisions  will  decrease  ii 
distance  from  each  other,  proceeding  from  the  top  ol^ 
the  jar.  Had  the  jar  been  graduated  by  equal  volatnei, 
as  a  tube,  it  must  have  been  sunk  to  such  &  depth  ii 
the  water,  thmt  t!ie  fluid  within  and  without  xm^ak  bi 
on  a  level  before  siny  correct  estimate  of  its  contaiiifd 
air  could  have  been  obtained. 

Mortals,  Of  this  utensil  there  should  be  in  tilt 
Laboratory  several  kinds.  A  large  bell-metal  ooe,  of 
Wedgewood*s  ware,  several  sizes,  fig.  49.  A  hfoakl  itim 
one  with  a  turned  cavity.  These  are  so  well  kiKMvn,  is 
to  require  no  further  descriplion.  Fig.  50  represeoti 
what  is  called  a  diamond  mortar.  It  is  used  to  abrade 
substances,  without  allowing  any  particle  to  fly  olTtfl 
the  operation.  This  mortar  is  made  of  hardened  itui 
The  pestle  is  a,  a  solid  cylinder  turned  so  as  to  III  the 
tube  h  accurately,  which  tube  is  exactly  fitted  to  Ifcl 
cavity  e  of  the  mortar. 

Fig.  51  represents  a  section  of  the  agate  mortirinil 
pestle,  employed  for  reducing  hard  mineml  aubstuicei 
to  an  impalpable  powder,  for  analyses  aAer  they  Hait 
been  broken  down  in  the  diamond  mortar. 

Mvjffr,  Fig.  52»  a  sort  of  small  oven  made  of  cru- 
cible clay,  for  the  protection  of  cuppeb  when  placed  ii 
a  furnace. 

Phiah  form,  of  course,  a  part  of  the  furniture  of  flu 
Laboratory,  There  is  a  kind  with  a  glass  caf»  fitting 
closely  over  the  common  stopper  :  very  conveciieiil  fm 
lether,  acids,  and  other  liquids  producing  vi^attle  or 
noxious  vapours, 

A  vessel  calculated  to  eontmn 
the  confinement  of  gases  k 
The  water  trough  may  be  tlM0 
A  B  is  a  rectangular  vessel  of 
tin  or  of  tinned  copper  plate,  in  a  wooden  frame,  mA 
standing  on  four  l^gs.  At  the  part  C  the  depth  of  tfcf 
trough  i^  not  more  than  2^  inches,  and  on  this  pM|#t 
jars  stand  when  in  use.  The  part  D,  however,  i  "*"^" 
12  inches  deep,  with  a  shelf  E  whereon  to  rest 
during  the  operation  of  filling;  and  to  facilitate  i 
purpose,  there  are  small  holes  having  inverted  I 
bcne:ith  ;  under  which  the  beak  of  one  or  more  retorti 
may  be  placed. 

The  mercurial  trough  may  be  formed  by  hcXloviw^ 
out  a  piece  of  close-grained  wood  t  but  the  most  com- 
plete are  made  of  cast  iron,  and  sold  at  the  shops  61 
the  Philosophical  instrumeut  makers. 

Proof,   a   sort  of  small   flask,  into  which  a  currti 


Pfirrnnalic  Trough. 
water   or  mercury    for 
Pneumatic  Chemistry, 
constructed,  (fig.  53.) 


ttate^^l 


r,  tube  IB  fitted  by  grinding-.  They  are  plain,  fig.  54»  or 
^  tubixlaked,  fi^.  55.  For  ol>taininp:  sinal}  quantities  of 
gases,  they  form  a  convenient  apyuratus. 

ii«5Ptt7«r.     See  Distitlalory  ApparatuMm 

Retort.     See  Distillatory  Apparatus, 

Sand-hath.  A  vessel  containing  heated  sand,  into 
which  retorts  and  ilasks  are  immersed  for  evaporation 
or  distillation.  They  thus  receive  an  equable  tempera- 
tare*  and  are  protected  from  the  immediate  acUon  of 
the  fire.  The  sand-balh  may  he  fitted  to  the  top  of  a 
portable  furnace  ;  or,  if  lar^,  may  be  heated  by  a  flue, 
'  aBd  thus  form  a  part  of  the  rang«  of  furnaces  in  the 
Laboratory. 

Scmom  and  Shean^  of  various  sizes,  for  cutting-  wire, 
plates  of  metal,  &c.  &c. 

SUwei  of  muslin  and  hair,  of  different  de^ees  of  fine- 


Dary^s  instrument  Ibr  the  examination  of, 
for  drawing  off  the  clear  liquor  from  above 
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fig.  be. 

Sj/phona 
precipitates. 

Tuhei  of  ^lass,  pofcelaiii,  platinum^  iroti,  caout- 
chouc, &c.  &c. 

Tubes  graduated :  are  generally  about  half  an  inch 
in  diameter,  and  about  a  foot  bug :  they  are  used  in 
delicate  experiments  on  gases,  and  are  commonly  di- 
vided into  parts  of  a  cubic  inch,  by  a  method  already 
explained  under  Meamtm, 

Tube,  dropping  or  furkift^.  This  very  useful  little 
instrument  has  been  already  noticed,  fig".  18.  At  the 
lower  end  is  a  very  small  orifice,  which  being  introduced 
into  the  clear  fluid  from  which  a  precipitate  has  subsided, 
by  suction  with  the  mouth  at  the  upper  orifice,  the  bulb 
of  the  tube  may  be  filled  with  fluid,  and  on  closing  the 
orifice  with  the  tongue,  the  tube  may  Ite  removed  with- 
out the  loss  of  one  drop  of  the  fiuid.  Thus,  by  repeat- 
ing the  process  if  necessar)-,  a  precipitate  may  be  ob- 
tained nearly  free  frtim  alt  supernatant  fluid,  without 
occasioning  any  disturbance  in  it,  and  tlie  objectionable 
use  of  a  filtre  is  avoided. 

Tithes  of  Snfity.  To  guard  against  the  effects  of 
absorption  on  the  one  hand,  or  expansion  on  the  other, 
the  tubes  of  safety  are  employed.  Fig's,  57  and  58 
represent  the  two  kinds*  Suppose  the  tube,  fig,  57,  to 
be  fitted  by  passing  through  a  cork  or  cement  into  the 
tubulature  of  a  retort  or  WouIfe*s  bottle  ;  and  that  so 
gjeat  a  pressure  from  the  expansion  of  gaseous  matter 
took  place,  as  to  endanger  the  bursting  of  the  vessel, 
in  this  case  the  bulb  C  is  about  one-thinl  filled  with 
mercury,  and  as  the  pressure  takes  plac^  upwards,  some 
poKion  of  the  gas  will  escape  ;  but  the  mercury  retain- 
ing- its  place,  will  suffer  no  return  of  atmospheric  air  to 
the  weasel. 

Next,  suppose  that  in  a  retort  to  which  the  tube,  fig, 
S8,  is  affixed^  a  condensation  of  the  gaseous  contents 
Imkes  place,  so  that  absorption  may  be  commencing  at 
the  beak  of  the  retort,  the  cold  fluid  entering  would  in- 
fkllibly break  the  vessel.  But  the  bulb  containing  mer- 
cury»  as  in  the  former  case,  though  differently  arranged. 
Mill  suffer  some  of  tite  atmospheric  air  to  ascend 
through  the  tube,  and  thus  restore  the  equilibrium. 

Fig",  59  represents  a  Woulfe's  bottle,  having  a  tube  of 
•alety,  formed  of  a  small  glass  tube,  passing  through  a 
cork,  ami  dippings  half  an  inch  below  the  aurface  of  the 
fluid  in  the  bottle 


Tube  tramferrittg :  is  not  in  very  general  use,  but  is, 

nevertheless,  a  convenient  instrument,  and  is  thus  de- 
scribed by  Dr,  Thomson : 

**  It  is  often  necessary  to  transfer  determinate  quan- 
tities of  gas  from  the  water  trough  to  the  mercurial 
trough.  This  must  be  done  without  introducing  any 
water  along  with  the  gas,  except  what  may  exist  in  the 
gas  in  this  state  of  vapour.  This  is  done  with  the 
greatest  facility,  by  means  of  the  tube  represented  in 
fig.  60,  which  was  first  used,  we  believe,  for  the  purpFose 
in  question,  by  Mr.  Cavendish.  This  is  a  glass  tube 
open  at  both  ends  r  but  one  of  the  extremities  is  bent 
round,  aad  is  drawn  out  into  a  fine  capillary  bore.  The 
tube  is  graduated  into  lOOth  parts  of  a  cubic  inch,  and 
the  degrees  should  be  made  as  conspicuous  as  possible, 
A  good  method  is  to  fill  the  lines  after  they  have  been 
cut  in  the  glass  with  black  or  red  sealing-wax.  When 
we  want  to  transfer  a  given  bulk  of  gas  from  the  water 
trough  to  the  mercurial  trough,  we  fill  this  lube  with 
mercury,  and  shutting  the  end  b  with  the  finger^  we 
introduce  the  end  a  into  a  glass  jar  standing  over  water, 
and  filled  with  the  gas  to  be  transferred.  On  removing 
the  finger  from  the  extremity  6,  the  mercury  falls  doivn, 
by  its  weight,  into  a  vessel  placed  at  the  bottom  of  the 
trough  to  receive  it,  and  the  gas  enters  by  the  capillary 
extremity  a  to  supply  its  place.  When  the  gas  admit- 
ted into  the  tube  amounts  to  the  quantity  desired,  (half 
a  cubic  inch  for  example,)  we  shut  the  end  J^  with  the 
finger  again.  We  then  withdraw  the  tube  from  the 
water  trough  and  wipe  it  dry.  The  end  6  is  now  to  be 
placed  uppermost,  and  the  end  a  introduced  under  the 
bottom  of  the  glass  jar  (filled  with  mercury,  and  stand- 
ing over  the  mercurial  trough)  destined  to  receive  the 
gas.  On  removing  the  finger,  the  weight  of  the  mer- 
cury in  the  tul*e  forces  out  the  gas.  When  it  has  all 
made  its  way  into  the  destined  test  glass,  we  remove 
the  tube ;  and  we  may,  in  the  same  way,  introduce  an 
additional  quantity  of  any  other  gas,  till  we  have 
made  up  the  intended  mixture.*' 

TitnndM,  of  pewter,  glass,  and  Wedge  wood's  ware. 
Glass  tunnels  employed  for  filtering,  should  have 
raised  ribs  of  glass  running  from  the  top  toward,'?  the 
lower  orifice  for  the  escape  of  the  liquid.  Without  this 
contrivance,  the  moist  paper  adheres  to  the  sides  of  the 
glass,  and  the  process  is  very  materially  retarded. 
Sometimes  glass  rods,  or  bits  of  straw  are  placed  be- 
tween the  paper  and  the  glass  to  answer  the  same 
puqiose. 

H^'eigktM,     See  Mtamres. 

Wovlfe^M  Apparatus  is  represented  in  fig.  6L  By 
an  inspection  of  the  figure,  it  will  be  evident  that  if 
A  be  a  tube  through  which  gas  is  passing  from  a 
retort^  for  the  purpose  of  being  absorbed  by  the  same 
or  different  liquids  in  the  two  tubulated  bottles  :  the 
vertical  tube  in  the  centre  will  prevent  any  liquid  being 
forced  from  the  second  bottle  into  the  first,  in  case  of 
absorption  ;  the  gas  which  does  not  combine  with  the 
liquid  in  the  first  vessel,  will  pass  into  the  second,  and 
if  not  there  absorbed,  may  pass  into  a  third  similaily 
disposed,  or  to  a  pnenmatie  trough  by  the  tube  B. 

For  fiirther  information,  consult  Faraday  onChmtical 
Manipulations,  and  an  Explanatory  Didiojtary  of 
Apparatus  and  Instruments  employed  in  the  variotts 
Operations  of  Chemistry^  Lond.  1824.  Also  Aikiii*s 
Chemical  Dkliomry,  2  vols.  4to. 
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Introduction. 

(I.)  It  may  be  reasonably  expecle<i,  that  something' 
fib  on  Id  be  re  b<*  premised  witb  regard  to  tbe  Arrange- 
ment tbat  will  be  adopted  in  the  following  Synopsis 
OP  Chemical  Science.  Tbe  difficulties  thai  imtne- 
dialely  present  themselves  on  commencing  such  a  task, 
are  well  known  to  everj'  t  J  he  mist.  We  might,  perhaps, 
safely  sbeller  ourselves  imder  the  authority  of  some 
well-kiiown  wriler,  and  adopt  the  system  which  he  has 
made  use  of.  This,  however,  is  not  our  intention  ;  but 
we  shall  lay  before  our  readers  an  arrangement  which 
to  us  seems  better  adapted  to  the  nature  of  this  Work 
than  any  that  we  could  thus  select ;  not  that  we  are 
confident  of  its  being  intrinsically  belter  for  all  pur- 
poses, or  that  it  ought  to  be  generallj  adopted ;  for  we 
are  fully  convinced,  that  as  the  Science  itself  is  only  in 
a  progressive  state »  and  by  no  means  advanced  lo  ma- 
turity, future  discoveries  must  greatly  change,  and  may 
indeed  altogether  overturn  those  fundamental  positions 
upon  which  all  our  existing  Systems  rest.  We  possess 
among  iJie  English^  German,  and  French  writers,  several 
excellent  general  Treatises  on  this  subject;  but  the  fact 
of  no  two  of  these  writers  having  adopt^'d  a  gimilar  ar- 
rangement, must  show  that  great  diversity  of  opinions 
exist  upon  the  subject ;  and  that  the  voice  of  universal 
consent  has  not  called  any  one  Scheme  to  the  post  of 
preeminence ;  and  therefore  cannot  condemn  a  writer 
for  arranging  the  Facts  of  this  Science  in  whatsoever 
order  may  seem  to  him  best  fitted  for  explaining  its 
Laws  and  Principles. 

There  is»  however,  a  sort  of  presumption  in  favour  of 
a  Synthetic  method  of  describing,  first,  all  the  Simple 
bodies,  and  then  the  Binary  compounds,  and  next  the 
Ternary,  and  so  on  ;  to  be  derived  from  the  fact,  that 
Thomson,  Thenard,  and  Berzelius,  the  three  best 
Systematists,  have  all,  more  or  less,  adopted  it  Our 
reason  for  departing  from  a  plan  sanctioned  by  such 
high  authorities  is  this ;  that  as  the  properties  ot  a 
Simple  substance,  which  it  is  the  Chemist's  province 
to  investigate,  are,  in  fact,  mainly  developed  in  its 
power  to  enter  into  the  combination  of  more  complex 
bodies,  the  Principle  of  such  an  arrangement  is  per- 
petually and  necessarily  violated.  Thus,  for  instance, 
one  of  our  most  able  writers  professes  to  describe  the 
Element  Iodine ;  and,  according  to  his  System,  Iodic 
Acid,  a  Binary  compound,  ought  to  appear  in  a  dif- 
ferent part  of  his  Work ;  whereas  he  finds  himself 
compelled  to  describe  the  Acid  in  treating  of  the  pro- 
perties of  the  Simple  base.  This  is  no  solitary  case ; 
the  properties  of  the  more  Complei  substances  are  so 
constantly  starting  up  before  us  as  characteristics  of 
their  Elements,  that  the  same  evil  pervades  every  por- 
tion of  such  a  Classification*  We  admit  that  it  has  a 
less  appearance  of  Philosophical  arrangement  to  de- 
scribe any  one  Elementary  substance,  and  then  to 
pursue  it  through  all  its  more  complex  forms,  for  the 
production  of  Proximate  Elements  ;  but  we  think  that 
by  such  a  method  the  properties  are  more  readily  stu- 
died in  connection  with  each  other,  leaving  less  pro- 
bability of  repetition  or  omission.  All  must  have 
experienced  the  difficulty  of  hunting  through  the  pro- 
perties of  one  substance,  described  in  several  parts  of 
the  same  Work. 

Whatever  be  the  truth  in  these  particulars  as  referring 
to  a  complete  Code  of  Chemical  Scieocep  we  feel  pei^ 


suaded  that  tbe  Plan  which  we  have  here  adopted  b 
better  suited  to  a  Synopsis  hke  the  present,  which  muM 
be  limited  to  a  moderate  magnitude,  and  having  Hi 
peculiar  characteristics  as  a  VTork  of  reference 
We  profess  to  give  a  Summary  of  the  properties  of 
known  body ;  and  it  is  of  obvious  importance  th]|' 
these  should  be  arranged  in  such  a  manner  as  to  ht' 
most  ready  of  aecess  ;  but  to  extend  the  utility  of 
pages  we  give  also  a  series  of  references  to  direct 
Student,  w  ho  may  wish  to  pursue  any  research  move  ll 
detail,  to  all  that  is  valuable  on  the  subject. 

(2.)  As  it  happens  with  regard  to  some  substatttti^ 
that  either  subsequent  discoveries  or  diflereucei  of 
opinion  on  points  of  theory  have  introduced  more  than 
one  name  for  the  same  substance,  we  have  in  such  cases 
afBxed  the  Synonymes  to  the  bead  of  each  subsection. 
The  Chemical  Symbols  for  the  Simple,  and  also  for 
many  of  the  Compound  bodies,  will  be  found  from  the 
Tables  in  the  Appendix ;  but  may,  io  some  cases,  be 
conveniently  introduced  before. 

Generally  speaking,  we  refer  the  more  complete  de* 
scription  of  any  compound  to  its  second  appearance  m 
this  Treatise:  thus  if  A  and  B  unite  to  form  a  Proxi- 
mate Element,  we  mention  the  combination  under  the 
Section  describing  A ;  but  reserve  the  description  of  the 
substance  to  the  Section  on  B,  for  the  sake  of  t>ecomiQf 
acquainted  also  with  tbe  ordinary  properties  of  the 
Element  B  ;  but  this  rule  is  not  quite  invariable.  Ax 
times  we  find  ourselves  compelled  to  speak  of  the  actioa 
of  a  substance,  to  which  the  Scheme  may  bitaerto  art 
have  conducted  us.  In  extenuation  of  this  apparent 
dereliction  from  the  just  laws  of  System,  we  would  ui^ 
that  no  reader  is  in  reality  so  little  acquainted  with  the 
Chemical  Elements  as  not  to  know  them  by  name  when 
the  word  may  occur  to  him. 

We  have  found  it  convenient  also  not  to  insert  thf 
Atomic  Weights  of  bodies  in  the  text,  except  for  soiae 
specific  purpose  ;  but  all  these,  as  well  as  the  Specific 
Gravities,  will  be  given  in  a  tabular  form  in  tbe 
Appendix. 

(3.)  In  pointing  out  to  the  Student  those  WoHcs  from 
the  perusal  of  which  he  will  derive  the  greatest  advan- 
tage, we  may  be  frequently  understood  as  making  our 
acknowledgments  to  those  Writers  to  whom  we  (t^ 
tinder  the  greatest  obligation  for  the  assistance  they 
have  flflTordeil  us  in  arranging  this  Treatise. 

As  the  most  Elementary  Work,  we  recommend  the 
ConueTsutiojis  on  Chemutry^  in  two  volumes  Svo, ;  i 
much  larger  and  more  Scientific  W^ork  also  in  two 
volumes,  by  Br.  Henry.  There  has  also  been  recently 
published  a  very  good  Work  in  one  volume  8vo.,  by 
Dr,  Turner  I  and  Nicholson's  Chemical  Diclionary, 
with  additions  by  Dr.  Ure^  will  be  found  to  cootaio 
much  useful  matter. 

The  four  great  Systems  of  Thornton, Murray ^Tkenari, 
and  Berzelim^  are  all  Works  of  first-rate  merit.  Tbe 
first  abounds  in  valuable  facts  and  extensive  references ^ 
the  second  is  a  Work  containing  much  of  the  Phlioa)* 
phy  of  Chemistry,  written  in  a  very  continuous  and 
pleasing  style  ;  M,  Thenard  has  given  extensive  gene^ 
ral (nations,  which  are  of  the  greatest  importaace ;  wtA 
the  last  edition  of  the  System  of  Berzelius,  seems  not 
unworthy  of  the  reputation  of  that  most  distinguished 
and  indefatigable  Philosopher.  The  oiiginal  is  in 
Swedish  I  and  we  conclude  tbat  it  is  not  yet  completed. 
as  we  are  in  possession  of  only  the  first  five  htlf 
volumes  of  a  German  translation,  which  is  publisbdit 
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CHAPTER  I.— IMPONDERABLE  AGENTS. 


INTRODUCTION 


Chemistry.  (5.)  It  has  been  usual  in  Systems  of  Chemistry  to 
^.^^^^mm^  enter  rather  fully  into  the  History  and  Effects  of  the 
four  substances  or  properties,  (be  they  which  they 
may,)  the  names  of  which  are  comprised  in  our  first 
Part.  This  was  more  especially  the  case  with  the  first 
and  third ;  and  was  a  necesaary  consequence  of  the 
method  in  which  these  Sciences  had  been  studied.  This 
necessity,  however,  no  longer  exists ;  each  of  the  four,  viz. 
Caloric,  (Heat,)Light,  Electricity,  and  Magnetism,  having 
▼indicated  to  itself  a  separate  rank  among  the  Sciences  : 
and  each  has  very  properly  formed  the  subject  of  a 
separate  Treatise  in  this  Encychptedia.  We  name 
them  here,  not  for  the  purpose  of  repetition ;  not  with 
the  design  of  entering  at  large  upon  the  general  doc- 
trines of  each  of  these  Sciences ;  but  only  to  mark  their 
connection  with  Chemktry^  and  to  describe  the  Chemi- 
cal ^ffkU  produced  upon  the  Elementary  Molecules  of 
Matter  by  their  Influence :  viewing  them  strictly  in  the 
light  of  Agents;  means  employed  to  effect  Chemical 
purposes.  Future  researches  may,  it  is  true,  show  that 
some  one  or  other  of  these  forms  the  Spring  and  Prin- 
ciple of  Chemical  Affinity ;  or,  on  the  other  hand,  it 
may  appear  that  Chemical  Affinity  is  the  influential 
agent  for  the  developement  of  some  of  these  Physical 
Properties:  but,  in  the  uncertainty  that  at  present 
exists,  we  consider  the  arrangement  we  have  adopted 
as  best  calculated  to  elucidate  the  principles  of  our 
Science. 

§  1.  Chemical  Agency  of  Caloric, 

Caloric.  (6.)  Caloric  is  the  term  made  uae  of  to  designate  the 

cause  of  Heat ;  the  comparative  absence  of  Caloric,  or 
its  presence  in  a  less  degree,  we  call  Cold :  these  are 
but  terms  of  ordinary  language,  and  not  very  precise 
in  their  meaning.  The  real  nature  of  Caloric  is  at  pre- 
sent unknown.  By  some  it  is  supposed  to  be  actually 
a  fluid  substance ;  by  others,  only  a  property  of  matter. 
Should  the  former  supposition  be  correct,  we  need  only 
observe,  that  its  tenuity  is  such  as  to  have  hitherto 
eluded  all  efforts  that  have  been  made  to  pro¥e  that  it 
possesses  any  gravitating  power.  Under  either  view, 
therefore,  we  are  justified  in  calling  it  one  of  the  Im- 
ponderable Agents.  The  numerous  and  highly  import- 
ant Physical  Properties  that  it  exerts  upon  all  material 
Bodies  have  already  been  examined  in  our  Treatise 
upon  Heat.  In  Art.  (108.)  of  that  Treatise  we  have 
marked  out  what  we  conceive  to  be  the  just  boundary 
between  the  effects  of  Caloric  upon  Physical  and  Che- 
mical  Science ;  or,  in  other  words,  we  have  separated 
its  effects  into  those  which  take  place  upon  the  Inte- 
grant Molecules  of  Matter,  from  those  which  take  place 
upon  the  Constituent  ones.  The  latter  alone  fall  within 
the  scope  of  this  Treatise 


It  IS  obviously  essential  to  the  sort  of  adum  tfaitii    h 
now  suppose,  that  there  should  be  presffint  ^s— S""'h|  v^ 
elementary  Molecules  in   the  Chemical  seiiM  of  fti 
word ;  these  we  are  to  consider  either  aa  cambin<d  m 
uncombined.    If  the  Molecules  be  combined,  Cdodi 
may  produce  Decomposition ;  if  uncombined*  and  Ihi 
Molecules  be  conveniently  disposed  for  the  < 
to  take  place.  Caloric  may  effect  their  union. 

(7.)  The  cases  of  Chemical  Decomposiftion  j 
by  Heat  alone,  are,  perhaps,  neither  very  i 
very  distinctly  marked.  The  general  openitioa  of  fe 
creased  Heat  upon  all  matter  tends  to  convert  it  aaccMl 
ively  from  the  Solid  to  the  Liquid,  and  from  the  Liqad 
to  the  Gaseous  form.  But  should  no  extraneous  nuittv 
be  present,  decomposition  does  not  frequently  talu 
place.  It  is  true,  that  where  Molecules  dieoueii^ 
dissimilar  are  in  union,  and  these  are  very  aneqii% 
affected  physically  by  the  action  of  Caloric,  deoompl- 
sition  may  readily  ensue.  To  select  a  familiar  inattMli 
let  any  alloy  of  Mercury,  with  some  metal  of  diffierit 
volatility,  be  heated  beyond  the  boiling  point  of  Ugh 
Cury ;  the  Mercury  will  rise  in  vapour,  and  break  fam 
its  Chemical  combination  with  the  \em  volatile  melri* 
This  is,  however,  in  great  measure  a  Phyrieal  opM> 
tion ;  for  in  the  commencement  of  our  experiment  tk 
dissimilar  Molecules  of  the  two  metals  are  united  If 
their  Chemical  Affinity,  with  a  force  surpassing  that  If 
which  the  Molecules  of  the  more  volatile  metal  tend  to 
separate,  and  to  assume  the  Gaseous  form.  But,  bf 
further  accession  of  Caloric  tfaia  latter  force  increti 
to  such  an  extent  as  to  ovefpower  the  former  one,  md 
decomposition  ensues.  .    .   . 

(8.)  Nevertheless  there  are  instances  in  which,  ti 
far  as  we  can  judge,  the  Physical  effects  upon  the  dis- 
similar Molecules  of  a  compomd  body  are  -equal ;  ttd 
yet,  by  inerease  of  Temperature,  decomposition  is  pn> 
duced.  For  instance,  the  ga«  called  Protoxida  if 
Chlorine  (Euchlorine)  undergoes  decompoeiftion,  nd 
its  Gaseous  Elements  separate,  upon  exposure  to  a  Wf 
moderate  increase  of  Temperature. 

(9.)  On  the  other  hand  Caloric,  or  its  effect  Heal,  aeew  •> 
to  be  a  powerful  promoter  of  Chemical  combinatiDik  f 
It  is  well  known  that  many  Elementary  bodiea,  iriNa 
placed  in  contact,  and  heated,  enter  into  CheniesI 
union.  But  here  also  it  is  difficult  to  say  precisely  horn 
much  of  this  effect  is  truly  Chemical  and  how  nmch 
Physical ;  how  much  is  due  to  the  change  of  Molecoltf 
affinity  produced  by  the  Heat,  and  how  much  to  thi 
state  favourable  to  union,  arising  from  a  change  in  thi 
Physical  constitution  of  the  bodies  acted  upon. 

(10.)  Hitherto  we  have  limited  our  remarica  to  thi 
action  of  Caloric  either  upon  two  or  more  disainiihr 
bodies  not  in  union,  or  upon  one  compound  body. 
But  the  case  which  is  of  more  frequent  occurrence  fs 
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the  Chemist  is^  when  either  a  compound  body  and  an 
Elementary  body,  or  two,  or  even  more.  Compound 
bodies  are  acted  upon  simaitaneously,  In  these  cases 
the  practical  effects  of  Caloric  are  very  cousiderabte. 
Whatever  be  the  original  state  of  the  Chemical  AJfinrties 
between  the  Molecules  concerned.  Heat  wUl  very  often 
modify  these  AIRuities,  and  facilitate  the  production  of 
new  comhinalions.  In  this  view  Caloric  is  one  of  the 
most  important  agents  in  tlie  bands  of  the  Chemist, 
It  frequently  aids  us  in  forming  combinations,  which 
otherwise  we  are  unable  to  effect;  it  promotes  solution, 
in  part  pos^iibiy,  by  beinp^  itself  a  great  antagonist  to 
Solidity  ;  and  it  seems  almofvt  always  to  be  the  spon- 
tiiDeous  concomitant  of  all  violent  degrees  of  Chemical 
action. 

§  2.  Chemical  Agency  of  Ligki. 

(U.)  The  only  part  of  the  history  of  Lis"ht  which  we 
conceive  to  belong  to  the  subject  now  before  us,  is  its 
agency  in  promoting'  Chemical  composition  or  decom- 
position. For  its  general  properties  see  the  Treatise  on 
Light. 

Scheete  noticed  some  of  the  decompositions  produced 
by  Light,  and  examined  the  conditions  necessary  to  the 
success  of  the  experiment.  Oxygen,  when  held  by  a 
ii^ht  affniity,  may  be  separated  by  this  agent ;  and  this 
extends  to  metallic  oxides  of  thai  kind  even  when  com- 
bined with  an  acid.  Thus  Scheele,  having  evaporated  a 
solution  of  gold  to  dryness,  again  dissolveil  the  salt  in 
distilled  water*  and  placed  the  solution  in  a  glass-stopper 
bottle.  The  bottle  was  then  exposed  to  the  sun*s 
rays,  and  in  a  fortnight  the  surface  became  covered  with 
a  pellicle  of  reduced  gold.  («.)  Mrs.  Fulhame  also,  in 
her  Kssay  on  Combustion,  i^tates,  that  a  piece  of  silk, 
which  had  been  dipped  in  a  solution  of  gold,  was  ex- 
posed to  tlie  sun'js  rays  and  kept  rather  moist ;  it  was 
at  first  yellow,  then  became  green,  then  purple,  then 
showed  Kpaiigles  of  gold  ;  and  at  the  expiration  of  an 
hour  the  whole  piece  of  silk  was  covered  with  a  film  of 
metallic  gold.  Another  piece  of  silk  wa.H  similarly  treated, 
and  put  into  a  dark  place,  in  which  it  remained  three 
tnonths  without  undergoing  any  change  save  the  acqvn- 
sition  of  a  brownish  tint  Silver  also  in  solution  was 
reduced  liy  the  action  of  Light,  while  in  J  he  dark  it 
underwent  no  alteration.  Many  very  amusing  experl- 
loents  of  this  nature  may  be  seen  in  Mrs.  Fulhame*s 

(12.)  In  nitric  acid  the  oxygen  is  retained  by  a  feeble 
e  of  a(Hnity.  If  a  bottle  containing  this  acid  be 
>sed  to  the  sun's  Light,  it  first  becomes  yellow^  then 
orange,  by  the  separation  of  a  part  of  its  oxygen.  But 
if  the  same  bottle  be  quite  full  and  closed  with  a  glass 
stopper,  no  sucli  decomposi  tion  can  take  place  from  the 
mechanical  obstacle  opposed  to  the  escape  of  the  oxy- 
gen. (c»)  BerthoUet  found  that  a  bottle  so  exposed  to 
the  sun*s  rays,  and  provided  with  a  bent  tube  to  convey 
tlie  gas  to  a  Pnenniatic  trotigb,  produced  a  cousiderablc 
quantity  of  oxygen  In  a  very  tew  days,  (d.) 

(13.)  l(  a  piece  of  paper  moinlened  with  a  sohition 
of  nitrate  of  silver,  or  if  a  portion  of  the  preci]>itated 
muriute  of  silver  (which  is  a  white  powder)  be  exposed 
to  the  sun's  rays,  a  very  few  minutes  are  sufficient  to 
change  the  colour  almost  black.  It  is  believed,  that  in 
these  changes  the  acid  is  frequently  removed,  wholly  or 
in  part,  as  well  as  the  oxygen  from  the  metal  Ber- 
thoUet contrived  that  this  colorific  process  should  take 
place  under  water;  and  he  foutid  that  a  portion  of  the 


acid  had  in  fact  separated  from  the  oxide  and  remained 

in  the  water  (e.) 

(14.)  Scheele  proved  that  it  was  to  a  true  Chemical 
agency  on  the  part  of  Light,  and  not  to  its  Heating 
power,  that  these  effects  were  to  be  attributed.  Fur 
this  purpose  he  exposed  the  same  t^ubstances  which  he 
had  found  to  change  so  readiiy,  but  in  phials  covered 
with  black  paint.  The  phials  became  very  hot,  but 
even  in  several  days'  exposure  no  Chemical  effect  was 
produced  upon  tlie  substances  within,  (f.)  This  fact 
was  further  confirmed  by  BerthoUet.  Rumford,  how- 
ever, adduced  experiments  in  opposition  to  this  doctrine, 
and  endeavoured  to  show,  that  the  effects  produced 
were  due  to  the  Heat  alone.  He  obtained  a  partial  de- 
gree of  reduction,  by  exposing  pieces  of  silk,  which  had 
been  dipped  in  metallic  solutions,  to  the  Light  of  a 
candle.  He  produced  the  same  effect  by  placing  small 
pieces  of  charcoal  in  a  tube  with  some  solution  of  gold 
or  silver,  and  then  exposing  the  whole  to  the  Heat  of 
boiling  water,  the  metals  were  reduced  on  the  surface 
of  tlie  charcoal,  (g.)  The  tirst  experiment  we  conceive 
proves  only  that  the  Light  of  tlie  taper  tended,  in  some 
degree,  to  produce  the  same  effect  w  hich  the  sun's  Light 
would  have  accomplished  more  speedily  and  completely. 
The  second  case  also  was  proved  to  be  fallacious  by 
BerthoUet,  who  showed,  from  the  gas  evolved,  that  the 
decomposition  had  been  caused  by  the  direct  action  of 
the  charcoal,  (h.) 

(15.)  Having  thus  adduced  instances  of  Decomposi-  Profnotes 
tion,  produced  by  the   action  of  solar  Light,  we  must  coajbinj- 
now  show  that  it  possesses,  in  a  very  marked  degree,  the  ^^°^* 
opposite  property  in  certain  cases  of  determining  conibi* 
nation. 

Mr.  Dal  ton  remarked  when  Chlorine  and  Hydrogen 
gases  were  mixed  together.  Light  had  a  material  ettect 
upon  tlie  rate  of  the  Chemical  com  hi  a  at  ion  which  re- 
sulted. Thus  in  a  feeble  Light  the  union  took  place 
but  slowly,  but  if  the  mixed  gases  were  exposed  to  the 
direct  rays  of  the  sun,  the  combination  was  so  rapid  as 
to  be  frequently  attended  with  an  explosion.  (/.)  MM. 
Gay  Lussac  and  Thenard  observed  the  same  fact,  and 
found  that  it  even  held  good  with  the  compound  hydro- 
genous gases  when  mixed  with  Chlorine,  (it.) 

Bertliollet  had  previously  shown  that  if  a  solution  of 
Chlorine  in  water  were  exposed  to  the  sun's  Light  in  a 
daskf  provided  with  a  bent  tube  to  collect  the  gaseous  pro* 
duct,  oxygen  was  evolved.  (/,)  The  Chlorine  decomposed 
the  water,  uniting  with  the  hydrogen  to  form  muriatic 
acid,  and  hence  the  escape  of  giiseo us  oxygen.  Chlorine 
and  carbonic  oxide  are  not  readily  brought  to  combine, 
even  under  considerable  elevation  of  temperature,  but 
by  exposing  the  mixture  to  solar  Light  the  union  Is 
effected. 

(16.)  To  solar  Light  then  we  must  allow  a  consider- 
able power  of  Chemical  actio n^  but  we  shall  find  that 
tlie  tlifferent  parts  of  the  solar  beam  differ  greatly  in 
this  power.  Scheele  first  remarked  that  when  the  solar 
spectrum  was  cast  upon  a  piece  of  paper,  impregnated 
with  muriate  of  silver*  it  became  black  much  sooner  in 
the  violet  than  in  tlie  other  coloured  rays,  (m.)  Sene- 
bier  repeated  this  experiment,  and  estimated  the  com- 
parative powers  thus.  The  same  tint  produced  upon 
the  muriate  of  stiver  by  15  seconds*  exposure  to  the 
violet  ray,  required  for  its  pnxfnction  23  seconds  in 
the  purple  ray;  29''  in  the  blue;  37"  in  tlie  green; 
54  minutes  in  the  yellow;  12  minutes  in  the  orange  ; 
and  full  20  minutes  in  the  red  ray.  {n,}     Sir  H.  Engle- 


610 


CHEMISTRY 


Chmisiry.  field  found  Ihal  ihe  blue  ray  had  a  greater  power  than 
— ^y^^ii^  the  other  rays  in  communicalin^  the  luminous  iiroperty 
tf)  Canton's  Phosphorus.  Seebeck  found  that  when  a 
mixture  of  Chlorine  and  Hydrogen  gaaes  was  exposed 
lo  the  solar  Light,  under  a  red  glass,  the  combination 
took  place  but  slowly^  but  that  under  a  blue  glass  the 
union  was  instantaneous  ;  with  several  other  similar 
facts,  (o.) 

(17.)  The  existence  of  calorific  rays  beyond  the  ex- 
treme limit  of  the  visible  red  ray  of  the  spectrum,  sug- 
gested the  possibility  of  a  similar  set  of  Chemical  rays 
lieyond  ibe  opposite,  the  violet  end.  This  inquiry 
seems  to  have  been  pursued  by  Dr,  Woliaston  and  M, 
Rtlter  simultaneously.  They  both  found  that  there  was  a 
set  of  Chemical  rays  of  greater  refrangibility  than  those 
of  Light  and  of  Heat,  Hitter  came  fully  to  the  conclusion 
that,  besides  the  visible  rays  of  the  spectrum,  there  were 
two  other  sets  of  invisible  rays :  one  of  which  being  less 
rel'rangible  than  any  of  the  luminous  rays,  was  found  be- 
yond the  red  end  of  the  speclrum,  having  a  greater 
calorific  power  than  the  colorific  rays,  and  tending  also  to 
promote  oxidation ;  the  other  set  of  invisible  rays  lieing 
more  refrangible  than  the  colorific  ray  a,  was  found 
beyond  the  violet  end  of  the  spectrum,  being  inferior  to 
the  colorific  rays  in  heating  power,  and  tending  to  the 
feparalion  of  oxygen  from  its  combinations,  {p.}  Dr. 
Woliaston  made  use  of  muriate  of  silver  also,  and  arrived 
at  a  similar  conclusion.  He  employed  also  guaSacum, 
whicli  c flanges  from  a  yellow  to  a  green  colour  by  ex- 
posure to  Light ;  and  this»  from  the  absorption  of  oxygen, 
as  is  proved  hy  the  process  succeeding  better  when  the 
gum  is  placed  in  oxygen  gas.  There  was,  however, 
this  peculiarily,  that  the  change  was  promr^ted  at  the 
violet  end  of  the  spectrum,  while  in  the  red  extremity 
the  yellow  colour  might  be  restored.  This  fact,  then,  is 
hostile  to  the  universality  of  Hitter's  law,  (q,)  Berard 
amply  confirmed  these  experiments;  he  divided  ihe 
spectrum  into  two  portions,  and  then  concentrated  the 
rays  of  each  portion  with  a  lens.  The  part  from  the  red 
to  the  green  produced  a  brilliant  Light,  but  the  muriate 
of  silver  remained  in  tl  for  more  than  two  hours  quite 
unaltered.  The  part  from  the  green  to  the  violet  inclu- 
sive did  not  by  its  concentration  produce  a  very  vivid 
Light,  but  blackened  the  silver  in  less  than  ten  minutes. 
Hence  we  learn  that  the  deoxidating  power  of  the  rays 
decreases  very  rapidly  in  passing  from  the  violet  to  the 
red  end  of  the  spectrum,  (r.) 

(18.)  It  would  appear,  also,  that  there  is  an  analogous 
difierence  in  the  Chemical  action  of  artificial  Light  pro- 
duced from  different  sources  ;  for  Mr,  Brande  has  staled 
that  the  Light  produced  by  ffie  combustion  of  oil  gas, 
coal  gas,  or  olefiant  gas,  even  when  concentrated  so  as 
to  produce  a  considerable  degree  of  Heat,  elfects  no 
change  on  the  muriate  of  silver,  nor  yet  on  a  mixture  of 
Chlorine  and  Hydrogen  ;  but  that  the  Light  from  char- 
coal, ignited  by  the  voltaic  battery,  speedily  colours  the 
muriate  and  unites  the  giii^es.  He  could  obtain  no 
Chemical  action  from  the  Light  of  the  moon,  {ft.} 

Some  other  experiments  uf  Ritter  in  the  paper  formerly 
mentioned  are  very  curirms^  and  ihe  report  of  MM,  Ber- 
ihollet  and  Biot,  uf)on  Berard^s  experiments,  is  well 
worthy  of  examination.  {(.} 

(19,)  Some  experiments  of  M.  Chaptal  tend  to  prove 
that  the  process  of  crystallization  is  influenced  by  the 
presence  of  Light.  He  found  that  when  a  number  of 
capillary  crystals  wereghooting  up  the  sides  of  a  vessel 
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containing  a  saline  solution,  the  effect  took  place 
on  that  side  of  the  vessel  that  was  illuminated.  Hev 
thus  able  to  cause  the  crystals  to  form  on  any  one  Bide, 
and  by  pladng  a  skreen  against  the  vessel  the  line 
between  Light  and  darkness  was  distinctly  marked  by 
the  limit  of  the  crystal lization*  This  phenomenon  w«u 
most  easily  observed  in  metallic  salts,  (m.) 

(20.)  **The  operation  of  Bleaching  aflbrds  aiiollMrft« 
example  of  the  Chemical  changes  which  Lig-ht  is  < 
of  producing^     Colour  is  in  that  case  removed,  and  t 
depends  equally  on  the  transfer  of  oxygen,  the  colo 
matter  of  the  thread  receiving  that  principle  probtbly 
from  the  decomposition  of  the  water  with  which  the  iut 
stance  lo  be  bleached  must  be  supplied.     This  formed 
the  old  method  of  bleaching ;  and  the  substitutioD  of  ll»c 
Chlorine  in  the  new  mi>de,  establishes  this  theory  of  iii« 
changes  of  which  the  operation  consists. 

*"  Even  the  processes  of  animated  nature  are  influ- 
enced by  the  Chemical  agency  of  Light,      '  OrgaiitA- 
tion,  sensation,  spontaneous  motion,  and  all  theopn^ 
lions  of  life  (says  Lavoisier)  exist  only  at  the  surfttceof 
the  earth,  and   in  places  exposed   to  the   influence  ot 
Light;  and  without  it  nature  itself  would  be  inanimate.' 
Its  operation  in  vegetation  is  strikingly  exemplified  ii 
the  adaptation  of  plants  to  particular  cliinates.     Tho 
which  grow  under  a  clear  sky,  and  an  intense 
light,  are  in  genera!  more  pungent,  odorous,  and 
matic,  than  those  which  are  placed  under  the  opp<Mtlf~' 
circumstances  ;  and  plants  which  are  the  natives  <kf  i 
warm   climate  wiil  not  grow  or  produce  their  Iroit  in 
situations  where  they  are  less  exposed  to  its  geniol  in- 
fluence.    The  artificial  exclusion  of  Light  from  vege- 
tables, giving  rise  to  tlie  process  named  Ettolatioo  or 
Blanching*  afl'ords  another  proof  of  its  action  on  vcget»» 
tion.     The  plant  always  extends  its  branches  iowirdi 
any  opening  at  which  light  may  enter;   and  if  this 
closed,  and  another  opened  in  a  different  sttuation,  i 
changes  the  direction  in  which  it  was  shooting,  and  ttilft 
turns  towards  the  Light ;  and  in  this  way,  as  M,  L*Abb& 
Tessier  has  shown,  plants  may  be  made  to  grow  io  tirj^ 
direction.     If  kept  in  perfect  darkness*   I  hey   become^ 
feeble,  succulent,  insipid,  and  of  a  white  or  yellowislA 
colour,  while,  if  transferred  to  a  situation  where  tbe^ 
enjoy  the  solar  rays,  they  regain  their  green  colour,  t    ^ 
become  vigorous.     These  changes  from  the  exclu 
of  Light  appear  to  be  owing  to  the  accumulatloa  &^ 
oxygen  in  the  plant,  as,  under   its  indueuce,  this  pna^ 
ciple  is  disengaged  from  their  leaves,  derived  probftb^j^| 
from  the  decomposition  of  water,  and  perhaps  of  otb^P 
compounds  subservient  to  vegetable  nutrition*     Accord—^ 
ing  to  the  experiments  of  Tessier  and  Decandolle,  tbff' 
Light  emitted  by  a  lamp  gives  even  a  green  colour  K^ 
the  leaves,  though  less  deep  than  that  from  the  light  Qf 
day.     The  Light  of  the  moon  has  a  similar  effect,  {v) 

(21.)  "Nor  arc  animals  exempt  from  the  influeoceo^ 
this  important  agent.  Deprived  of  it  they  suffer  net 
the  same  changes  as  vegetables  do,  and  the  darkness  i 
their  colour  is  in  general  greater  according  to  the  iate 
sity  of  the  Light  to  which  they  are  habitually  exposed* 
Insects  which  live  underground  are  usually  of  a  Hgii< 
shade;  the  animals  of  the  Arctic  regions  ar«  almost ftll 
pale  or  white,  while  those  belonging  to  the  tropii 
countries  are  distinguished  by  the  variety  and  brillia 
of  their  hues.  Even  in  Man  we  trace  a  ^rudatton 
colour  proportioned  nearly  to  the  climate  in  which 
resides/*  (w,) 
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References  from  (10.)  to  (21.)  inclusive. 

(a.)  Scheele's  Essoys  on  Air  and  Fire,  p,  83,  (6.) 
Fulhame,  Estay  on  ComhuaUo/i,  lV^.  p,  15L  (c.)  Kir- 
wan,  Note  to  his  Tramlalioft  of  Scheetts  Essay ^  Sfc. 
p,  230,  (rf.)  Jour.  d^Phya.  xid\,  p.  92.  (e.)  Chemical 
Statics^  vol.  i,  p.  147,  (/)  E^ay  on  Air  and  Fire^ 
p.  96,  (if)  Rum  ford's  Philosophical  Papers,  p.  341, 
(A.)  Berlhollet,  Chem,  StaL  I  p.  149,  (t.)  Dalton, 
%*/.  Chem.  Phil.  p.  300.  (Jt)  Mem.  tfAreueil,  vol.  ii. 
p.  347»  (i.)  Jowr.  (fe  Phys.  xxxix.  p,  81.  (m.) 
ExMay  on  Air  and  Fire,  p.  91.  («.)  Senebier,  Mi?- 
moireA  Phy4cO'Chimiqtt€.i,  lorn.  iii.  p.  199.  (o,)  See- 
beck,  Nich,  Joi/r.  xxiv,  p.  220.  {p.}  Ritter,  Nich. 
Jour.  V,  p.  255.  viii.  214.  (g.)  Wollisston,  Nich.  Jour, 
viii.  p.  293.  (rO  Berard,  Nich.  Jour.  xxxv.  p.  256. 
(*0  Brande,  PAi/.  rrrtwj,  1820,  p,  11.  (^0  Berlhol- 
tet  and  Biot»  Nich.  Jour,  xxxv,  p.  257.  (w.)  Chaplal, 
Jour,  de  Phys,  xxxiii.  p.  297.  (o.)  Aftm.  rf*  TAcad, 
<'«  Sciences,  1783*  p.  155,  («,v)  Murray's  ChanUtr^, 
V<>1,  i.  p,  561. 

I  3.  Chemical  Agency  of  Electnciiy. 

(22.)     Accorrling  to  the  Frinciples  already  proposed, 
^^is  Section  will  be  devoted  to  an  account  of  the  Cke-^ 
^ical  efftch  of  Electricity ;  including^  tliose  which  are 
l-'fotiuced  by  the  application  of  the  Voltaic  Pile,  at*  well 
J*  tftGse  which  proceed  from   the  common  Electrical 
-'''aeHine,     That  these  two   iuslruments  only  produce 
"^ffet-«nt   modifications  of    the   same   great  Physical 
^^«fct  we  have   already  explained ;   and  therefore  for 
•^  ^i^iture,  when  we  speak  of  the  Electrical  agency  by 
wnfoti  any  Chemical  change  is  to  be  effected,  we  would 
oe  Lt  «-iderstood  to  refer  to  an  operation  producible  either 
"f  <^»"chnary,   or  by  Galvanic  Electricity,  though  much 
'''"^**^nce  may  exist  as  to   the   actual  fitness  of  ihese 
•^J^^ctive  modifications   of  Physical  force,  with  refer- 
ence    to  the  purpose  intended. 

Electricity  existed  for  many  years  as  a  Science,  pre- 
viOLm^  iQ  the  discovery  of  its  intimate  relations  to  Che- 
'^*'^^5*'^  Affinity^  and  this  discovery  did  not  take  place 
UDtml  Voltaic  Electricity  had  become  known  to  the  Phi- 
losc^^hers  of  the  present  Century.  Galvani's  discovery 
y  ^^  liat  he  termed  Animal  Electricity,  which  was  in 
l«ct  the  Electricity  of  the  contact  of  dis.simikr  Ele- 
me*^'^^  took  place  accidentally  in  1791.  It  was  sue- 
cee^3.^d  by  about  ten  years  of  active  researcli  made  by 
"*^  Philosophers  of  all  Europe ;  but  as  the  great  pro- 
w  ^^~*  which  they  investigated  with  so  much  zeal,  was 
'"^  xiecessary  conditions  of  the  probable  theory  of  mus- 
*^*^^^tr  contraction  produced  by  this  species  of  Elec- 
tncri^y  HQ  immediate  profit  accrued  to  Chemical  Sei- 
eno^.  At  length,  in  1800,  Volta,  by  a  fair  system  of 
r«?^.^<,ning  upon  the  effects  of  Metallic  contacts,  was 
%o  construct  the  Pile.  His  end  was  fully  answered 
^11  lie  had  obtained  a  series  of  most  interesting  Elec- 
tnci^  effects  highly  important  to  the  Theory  which  he 
^^^  labouring  to  establish.  The  history  of  this  dia- 
J^J^'^ry  was  communicated  to  Sir  Joseph  Bankes,  who 
ia»  w:%  ^jg  tetter  before  Messrs.  Nicholson  and  Carlisle. 
^  *  J  By  these  gentlemen  the  experiments  of  Volla 
^^^^'e  repeated  and  verified:  they  discovered  the  posi- 
^V^^  and  negative  Electricities  of  the  opposite  ends  of 
^^^  Pile;  and  accidentally  stumbled  upon  the  great 
^^^covery  of  the  first  Chemical  decomposition  effected 
^>   Electricity.    Thej  had  formed  a  part  of  their  cir- 
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cuit  by  water,  and  observing  small  bubbles  of  gas  to  be  part  !. 
disengaged,  apparently  from  the  wires  in  the  water,  ^^m^^^m^ 
they  found  that  this  gas  had  the  smell  of  Hydrogen, 
The  important  remark  was  not  lost  upon  these  experi- 
mentalists, who,  pursuing  the  research,  fully  demon- 
strated  the  decomposing  power  of  the  Pile.  They 
found  that  atone  wire  Hydrogen  Gas  was  evolved,  while 
the  other  wire  became  oxidated ;  and  by  employing 
wires  of  Platinum  they  obtained  Oxygen  and  Hydro- 
gen Gases  from  the  two  wires  respectively,  and  in  such 
proportions  as  to  form  water.  Such  was  the  origin  of 
this  most  important  series  of  discoveries.  (6.) 

Mr,  Cruickshanks,  an  eminent  Surgeon  at  Wool- 
wich, immediately  verified  these  discoveries,  and  added 
to  them  that  of  the  reduction  of  metals  from  their 
solutions,  and  the  decomposition  of  the  Neutral  Salts, 
Cruickshanks  also  invented  the  Trough.  Dr,  Henry 
of  Manchester  decomposed  the  Nitric  and  Sulphuric 
Acids  ;  and  also  resolved  Ammonia  into  its  Elemen- 
tary Constituents,  At  length  Sir  H.  Davy  commenced 
that  splendid  series  of  researches  which  have  tended 
more  than  those  of  any  other  individual  to  explain  the 
Electrochemical  relations  of  the  molecules  of  bodies  ; 
and  have  not  been  surpassed  in  acuteness  of  in- 
vestigation, or  brilliancy  of  result,  by  those  of  any 
individual  that  ever  lived,  if  we  except  the  sublime 
discoveries  of  the  great  author  of  the  Principia.  It 
were  unjust  not  also  to  mention  the  valuable  con- 
temporary researches  made  in  Paris  by  Humboldt^ 
Gay  Lussac,  and  Thenard ;  though  we  do  not  enter 
upon  any  minute  historical  description  of  them  in 
this  place,  but  refer  our  readers  to  the  Treatise  on 
Galvanism. 

(23.)  For  the  best  proofs  of  the  identity  of  ordinary  Idmiiiy  uf 
and  Galvanic  Electricity  we  are  mainly  indebted  to  Agenu. 
Dr.  Wollaston.  The  tjuestion  has  been  long  agitated  ; 
and  perhaps  to  some,  may  not  even  yet  appear  to  have 
been  satisfactorily  decided.  The  sensation,  however, 
produced  upon  the  human  frame  is  substantially  the 
same,  whether  from  the  I^eyden  Jar»  or  from  the  excited 
Voltaic  Pile.  The  rapidity  of  communication  is  the 
same  in  both  cases.  The  conducting  powers  of  ail 
bodies  are  identical  to  both  fluids.  The  spark  is  in 
both  cases  visible  when  the  dischai^e  takes  place 
through  a  thin  stratum  of  air.  The  Pile  in  activity 
will  charge  a  Leyden  Jar  either  positively  or  nega* 
tively,  according  to  the  Pole  with  which  the  connection 
may  be  established.  The  Electrometer  serves  as  a 
measure  of  Tension  for  l>oth  instruments.  And  the 
Chemical  changes  which  may  be  produced  by  develop- 
ing the  Polarities  of  elementary  or  constituent  mole- 
cules of  bodies,  are  the  same  in  kind,  whichsoever 
agent  he  employed,  (c.) 

(24.)    Before  we  proceed  to   the  actual  Chemical  Most  useful 
agencies  of  the  Pile  it  may  be  well  to   mention  those  combina- 
Voltaic  arrangements  which  are  best  adapted  to  the  pur-  ^'<'"** 
poses  intended.     This  we  say  with  reference  chiefly  to 
selection,  for  as  the  actual  construction  of  Galvanic  Ap- 
paratus more  properly  belongs  to  the  general  Treatise 
on  that  subject,  to  it  we  refer  our  readers. 

(2^.)  The  simple  Galvanic  circle  consists  of  three 
more  or  less  perfect  conducting  substances.  It  may 
be  formed  either  of  two  perfect  conductors  and  one 
imperfect  conductor;  or  of  two  imperfect  conductors 
with  one  perfect  conductor.  These  terms  were  intro- 
duced by  Sir  H.  Davy,  in  whose  Work  various  arrange- 
ments of  both  sorts  may  be  found  {d.}  But  as  the 
4l 
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Chettiiftry.  effects  produced  b]r  any  shnple  GaWanic  Circait  are 
>M  v"^*^  feeble ;  especially  with  reference  to  Chemical  action,  it 
is  usual  to  form  compound  Galvanic  Circuits  or  Bat- 
teries. These  consist  simply  of  the  reiteration  of  a 
number  of  simple  alternations.  The  metals  and  the 
liquids  are  arranged  in  various  forms,  as  Troughs,  Piles, 
or  Spirals.  In  practice  Copper  and  Zinc  are  the 
metals  usually  employed ;  producing  a  combination  of 
great  energy  at  the  least  expense. 

(26.)  For  igniting  or  fusing  Metallic  wires,  or  in 
other  words,  for  producing  great  Heat  l)y  generating  a 
very  considerable  quantity  of  Electricity  in  a  short 
time,  so  as  to  produce  Heat  in  its  passage  through  a 
conductor  comparatively  perfect,  plates  of  large  sur- 
face are  required.  But  for  producing  Chemical  De- 
composition large  plates  are  not  necessary :  the  num- 
ber of  the  plates  is,  however,  of  essential  importance ; 
they  may  be  small,  but  they  must  be  numerous.  The 
Couronne  de  Taua  of  Volta  is  an  excellent  arrange- 
ment for  Chemical  purposes:  but  on  the  whole  the 
Battery  we  can  most  strongly  recommend,  sliould  con* 
sist  of  plates  from  four  to  six  inches  square,  arranged 
afler  Dr.  Wollaston*s  plan  in  Wedgewood  Troughs. 
Charffes  i^"^*)    Though  water  and  saline  solutions  are  suf- 

ficient to  excite  tho  Chemical  action  of  a  Battery,  yet 
weak  acid  liquids  are  most  efficacious.  For  Chemical 
purposes  the  acid  may  be  used  in  a  highly  dilute  state : 
Mr.  Singer,  who  made  many  experiments  on  this  sub* 
ject,  recommends  one  part  of  Sulphuric  Acid  with  two 
or  three  of  Nitric  Acid^  and  from  forty  to  sixty  parts  of 
water,  as  an  efficacious  and  enduring  charg[e. 

Where  long-continued  action  is  required,  without 
great  intensity,  a  solution  of  common  salt,  with  the 
addition  of  a  little  Muriatic  Acid,  forms  an  economical 
and  sufficient  charge.  Those  effects  which  are  purely 
Electrical  are  best  developed  by  a  charge  consisting  of 
a  weak  saline  solution  ;  or  even  of  spring  water  only. 
Chemical  ('^^*)  ^^  "^^  arrive  at  that  which  is  the  legitimate 

actiun.  object  of  this  Section ;  viz,  the  Chemical  action  of  the 
Pile.  If  any  compound  body,  which  is  itself  a  conductor, 
or  which  can  be  made  even  partially  so,  be  placed  be- 
tween two  wires  connected  with  the  Poles  of  the  Bat- 
tery, so  that  the  substance  itself  shall  form  a  part  of 
the  Circuit,  the  Elementary  molecules  of  that  body 
will  undergo  certain  changes  in  their  forces  of  Polarity, 
and  in  many  cases  to  such  an  extent  as  to  overcome 
the  Affinity  which  formerly  bound  them  together  in 
Chemical  combination. 

For  example,  let  two  Platinum  wires  from  the  oppo- 
site Poles  of  the  Battery  be  placed  at  any  distance  from 
each  other  in  the  same  vessel  of  water ;  bubbles  of 
Gas  will  be  disengaged  at  the  extremities  of  each  wire ; 
the  quantity  issuing  from  that  part  of  the  water  in  con- 
tact with  the  wire  proceeding  from  the  Negative  Pole 
of  the  Battery  is,  in  volume,  double  of  that  issuing 
from  the  other  wire  which  constitutes  the  Positive 
Pole :  and  if  these  gases  be  collected,  as  they  easily 
may  by  inverting  test  tubes  filled  with  water  over 
them,  the  former  is  found  to  be  Hydrogen,  the  latter 
Oxygen  Gas.  Now  these  are  known  to  be  the  just 
constituents  of  water,  and  if  the  gases  be  again  mixed 
and  exploded  by  the  Electric  sparky  water  is  repro* 
duced  without  any  residuary  matter. 

If  the  wire  forming  the  Positive  Pole  be  of  copper^ 
or  any  oxidable  metal,  the  oxygen  never  assumes  the 
gaseous  form,  but  unites  with  the  metal  so  as  to  pro- 
duce a  metaltic  oxide. 


If  in  a  similar  manner  the  wires  be  introdueed  into 
a  strong  solution  of  Sulphuric  or  Phosphoric  Acid,  ^ 
Oxygen  Gas  will  rise  from  the  Positive  Pole  and  fhm 
inflammable  Element  will  collect  sound  the  wire  con- 
nected with  the  negative  Pole. 

(29.)  The  following  is  found  to  be  (he  general  Law  Q 
of  these  decompositions,  viz,  that  the  non-m«taI6c  L 
bodies,  (sometimes  thence  caljed  Electronegaihrv^) 
Oxygen,  Chlorine,  Fluorine,  Iodine,  and  Bromine^ 
with  all  Acids,  are  found  at  the  Positive  Pole  of  Ae 
Voltaic  Circuit,  while  the  Electropositive  non-metalBe 
Bodies,  (combustibles  of  some  writers,)  the  Metah^ 
Alkalis,  Earths  and  Oxides,  in  short  all  bases,  tend  to 
the  Negative  Pole  or  surface. 

(30.)  The  following  singular  extensions  of  these  pio-  Ti 
perties  were  discovered  by  Sir  H.  Davy  in  1806  and  1807. 
If  the  Polar  Wires  do  not  dip  into  the  same  mass  cf 
water,  but  into  separate  vessels  of  that  fluid,  having  t 
connecting  metallic  wire  between  them,  the  decomporf- 
tion  still  takes  place ;  Hydrogen  Gas  is  evolved  mm 
the  one  wire,  and  Oxygen  from  the  other.     The  same 
takes  place  if  the  connection  between  the  two  vessdiof 
water  be  liiade  by  moist  fibres  of  Cotton,  Annnianthiii^ 
or  any  other  conducting  substance. 

To  understand  these  luteresting  experiments  of  Sir 
H.  Davy  ;  suppose  two  Agate  cups  marked  P  and  R 
to  denote  the  Poles  of  the  Batte^  with  which  thef 
were  connected;  Positive  and  Negative  respectitciy. 
Sulphate  of  Potash,  or  Soda,  was  placed  in  N  and  <fi>> 
tilled  water  in  P ;  the  connection  between  tlie  two  espl 
was  estabUshed  by  moist  fibres  of  Animianthus.  TIk 
Acid  passed  over  to  the  cup  P,  and  the  solution  in  the 
cup  N,  which  was  at  first  neutral,  becafne  alkalinet  A 
converse  experiment  was  made  by  placing  the  wSnt 
solution  in  P,  and  distilled  water  in  N.  In  this  mt 
the  water  became  alkaline,  and  pure  Acid  remained  is 
the  cup  P. 

In  another  experiment  when  Nitrate  of  Silver  M 
been  placed  in  the  cup  Py  the  Ammiantbns  lea^Bf^ts 
the  cnp  N  was  coated  with  a  film  of  metallic  CKhcr; 
thus  showing  that  an  actual  and  substantial  passage  of 
the  Element  took  place  along  the  eonnectiag  mlh 
stance. 

The  same  results  obtain  if  a  third  cup  M,  conlalriBg 
pure  water,  be  placed  between  P  and  N,  so  as  to  fom  % 
part  of  the  connecting  circuit,  while  the  water  remaitt 
pare,  though  the  Acid  and  the  base  have  both  taeii 
transmitted  through  it. 

Again,  let  the  three  cups  be  arranged  as  befbie; 
having  Sulphate  of  Potash  in  N,  a  weak  aoloticatnif 
Ammonia  in  M,  and  pure  water  in  P.  In  this  eMe,  to 
arrive  at  the  cup  P  the  Sulphuric  Acid  mvet  pMl 
through  a  free  Alkali  for  which  it  has  a  very  elimg 
Affinity :  yet  in  five  minutes  this  was  effected  wiii  a 
Battery  of  one  hundred  and  fifty  pairs  of  Ibofikl 
plates.  Thus  the  ordinary  forces  of  Aflinity  were  Ml* 
pended  or  overpowered  by  that  of  £leetrical  I^lailty. 
In  the  same  way,  strong  Acids  were  made  to  pM 
through  strongly  alkaline  solutions,  and  alkalis  through 
strongly  acid  liquids,  without  entering  into  oooU* 
nation. 

It  was  by  reasoning  upon  these  fiiets,  llittt  Sir  K 
Davy  contrived  to  apply  the  decomposing  powar  of  Ike 
Pile  to  the  exhibition  of  the  bases  of  tha  alkafis  mi 
alkaline  earths,  and  thus  arrived  at  a  series  of  reanRs  si 
novel  as  they  were  important  (e.) 

(31.)    Strictly  speakmg,  there  can  be   no  Eledio* 
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^  chemical  actioQ  upon  a  substance  that  is  a  Noneon- 
■^  ductor;  and  yet  some  adventitious  circumstance  may 
P*  induce  a  stjfficient  degree  of  conducting:  power  to  bring 

ihe  Elementary  molecules  of  the  substance  wjtliin  the 
•  reach  of  the  Electrical  action,  so  Ihnt  their  Polarity  may 
■  be  atTected  and  decomposition  produced.  For  example, 
B  Glass  IS  a  nonconductor,  and  yet  where  Electrochemical 
I  experiments  are  made  in  ^lass  ve^flelB,  a  ^ti^ht  decom* 
I  pCMiition  of  the  surface  will  sometimes  he  manifested  by 
H  the  setting  free  of  a  portion  of  its  alkali.  In  this  case 
V     Ifee  water  or  liquid  forms  the  mean  of  communication 

fiir  a  sufficient  Electrical    power  to   the  molecules  of 

Igflass  immediuteiy  in  contact  with  it. 
(32.)  Among"  the  most  usual  Galvanic  experiments 
are  those  in  which   metallic  wires  o*  leaves  are  either 
'^sed  or  burned  by  the  discharge  of  a  Battery.     The 
"Petals  are  all  comparatively  perfect   conductors;  bnt 
*he  ciicumslance  of  their  becoming;  Iieatei]  at  all  by  the 
Electrical  discharge,  seems  to  us  a  proof  that  they  are 
^ot  strictly  so.     By  a  perfect  conductor  we  should  ttn- 
^^rstand  u  body  which  would  instantaneously  allow^  the 
I       P^sage  of  any  quantity  of  Electricity  without  reference 
H    r^   Ui^  superficial   magnitude  of  the  conducting  body 
P    '^Se]£     ^  perfect  conductor  in  this  sense  is,  however, 
**'i|fnown;  the  metals  which  are  the  best  conductors^ 
^     *^^r  certain  effects^  which  bear  some  constant  ratio  to 
■rf^c  quantity  of  Electricity  transmitted,  and  to  the  quan- 
^"ty  of^  uietallic  surface  along  which  it  passes.     The  first 
^'^u    i:nost  obvious  of  these  effects,  is  the  developement 
of  O^tonc,     Thus  wires  are  healed,  or  even  fused,  by 
*^*  ^^oltaic  as  by  the  Electric  discharge.     So  far  this  is 
onlir     ^  Physical  operation  ;  but  when  the  discharge  is 
\try     powerful,  the  metals  undergo  combustion,  and  are 
DtvA^ted.     Now  whether  this  Oxidation  be  simply  the 
ffec^t.  of  their  Elevation  of  Temperature  in  a  medium 
itt>i*^ing  Oxygen,  so  that  the  same  elTect  in  kind  and 
l<^tta.vitjty  would  be   produced  by  an  equal  intensity  of 
H^^t  howsoever  excited  ;  or  whether  the  Heat  evolved 
during;  the  Electrical  Transit  be  at  all  more  favourable  to 
this  Chemical  combination,  by  adding  a  sort  of  deter- 
m'ming  force,  no  experiments  have  yet  ascertained. 

We  might,  therefore,  at  present,  be  justified  in  regard- 
4flg  the  burning  of  metals  by  Galvanism,  merely  as  a 
i  of  Chemical  combustion  arising  out  of  the  ordinary 
hysical  application  of  Heat  to  a  combuMible  body< 
The  most  powerful  Battery  thuL  has  ever  been  oon- 

Isti^cted  for  the  fusion  and  combustion  of  metals,  is  that 
of  Mr.  Children,  with  which  most  splenthd  results  were 
obtained.  The  description  of  this  instrument  and  its 
powers  may  be  seen  in  the  Phil.  Trans,  (f.) 
(33.)  The  conditions  upon  which  the  ignition  or 
combustion  of  metallic  wires  depends,  are  totally  dif- 
ferent from  those  which  infiuence  Chemical  decompo- 
sitions. It  is  generally  understood  that  in  the  Voltaic 
Battery  the  Intensity  of  the  Electricity  depends  upon 
the  number  of  plates;  and  that  the  Quantity  evolved 
depends  upon  the  superiiciaJ  magnitude  of  the  plates. 
Chefnical  decomiiositions,  as  we  have  already  remarked, 
depend  upon  Intensity  of  action,  and,  therefore,  require 
a  great  number  of  plates  which  may  be  very  small ;  but 
the  Calorinujlive  etfect  upon  metals,  seems  to  arise  from 
Quantity ;  and,  therefore,  for  these  last-mentioned  pur- 
poses, the  number  of  the  jdates  is  not  so  important  as 
their  magnitude.  And  as  in  these  cases  it  is  desirable 
that  the  Electricity  should  be  evolved  with  great  rapidity, 
the  charge  of  dilute  Acid  may  be  advantageously  env- 
ployed  of  a  greater  strength  than  is  required  for  Che- 


mical purposes.  All  this  is  stated  as  fact  deducible 
from  experiment,  without  reference  to  any  particular 
Theory  of  the  action  of  the  File, 

(34.)  It  is  a  curious  and  important  inquiry  to  ascer-  Ruii«>nf 
tain  the  ratio  which  the  number  and  superficial  extent  P****"^- 
of  the  plates  in  a  Battery,  bear  towards  the  etfecls  of 
ditferent  kinds  produced  by  that  Battery,  On  this 
fiubject  the  following  remarks  by  Sir  H,  Davy,  are 
important.  *'  MM.  Gay  Lussac  and  Tlienard  have 
aimounced  that  the  power  of  Chemical  deconqKt&iilon 
increases  only  as  the  cube  root  of  the  number  of  plates  j 
but  their  experiments  were  made  with  parts  of  Piles  of 
a  construction  very  unfavouraWe  for  gaining  accurate 
results;  and  in  various  trials,  made  with  great  care  ia 
the  Laboratory  of  t!ie  Royal  Institution,  the  residts  were 
altogether  ditterent.  The  Batteries  employed  were  part* 
of  the  great  combination,  carefully  insulated,  and  simi- 
larly  charged  ;  arcs  of  Zinc  and  Silver  presenting  equaj 
surfaces,  and  arranged  in  equal  glasses  filled  with  the 
some  kind  of  fluid,  were  likewise  used  ;  and  tlie  tubes 
for  collecting  the  Gases  were  precisely  similar,  and  filled 
with  tiie  same  solution  of  potassa.  In  these  experi- 
ments, ten  pairs  of  plates  produced  fifteen  measures  of 
Gas ;  twejjty  pairs  in  the  same  time  produced  forty- 
nine ;  again,  ten  pairs  produced  five  measures;  forty 
pairs,  in  the  same  time,  produced  seventy-eight  mea- 
Bures.  In  experiments  made  with  arcs,  and  which 
appeared  unexceptionable,  tour  pairs  produced  one 
measure  of  Gas;  twelve  pairs,  in  the  same  time,  pro- 
duced 9,7  of  Gas;  six  pairs  produced  one  measure  of 
Qas;  thirty  pairs,  under  like  circumstances,  produced 
24.&  measures ;  and  these  quantities  are  nearly  as  the 
squares  of  the  numbers. 

"  It  would  appear  from  the  experiments  of  Vqy\ 
Marum  and  Pt'uff',  confirmed  by  those  of  Messrs.  Wil- 
kinson, Cutlibertson,  and  8inger,  that  the  increase  of 
pciwer  of  Batteries,  the  plates  of  which  have  equal  sur- 
faces, is  as  the  number.  I  found  that  ten  double  plates, 
each  having  a  surface  of  a  hundred  square  inches, 
ignited  two  inches  of  Flatina  in  wire  of  one-eight ietli  t*f 
aji  inch  ;  twenty  plates,  five  inches;  forty  plates  eleven 
inches;  but  tha results  of  experiments  on  hifrher  num- 
bers were  not  satisfactory ;  for  one  hundred  double 
plates,  of  thirty- two  square  inches  each,  ignited  three 
inches  of  Pbtina  wire  of  one-seventieth,  and  one  thou- 
sand only  ignited  thirteen  inches,  and  the  charges  of 
dilute  Acid  were  similar  in  both  cases, 

*'The  power  of  ignition  for  equal  numbers  of  plates, 
seems  to  increase  in  a  very  high  ratio  with  the  increase 
of  surface,  probably  higher  than  even  the  stpiare;  for 
twenty  double  plates,  containing  each  two  square  feet, 
did  not  ignite  one- sixteenth  as  omch  wire  as  twenty 
containing  each  eight  square  feet,  the  acid  employed 
being  of  the  same  strength  in  both  cases, 

*' Numerous  circumstances  are  opposed  to  the  accu- 
racy of  experiments  made  with  high  numbers  or  very 
large  surfaces;  the  activity  of  combinations  rapidly 
diminishes,  in  consequence  of  the  decomposition  of  the 
menslruum  used  ;  and  tliis  decomposition  is  much  more 
violent,  the  greater  the  number  and  surfoce  of  tlie  alter- 
nations ;  the  vapour  rising  likewise,  when  the  action  is 
intense,  interferes  by  its  conducting  power,  and  the  Gas 
by  its  want  of  conducting  power ;  and  when  series  con- 
taining above  five  hundred  double  plates  are  used,  un- 
less the  insulation  is  very  perfect,  there  is  a  considerable 
loss  of  Electricity ;  thus  the  great  Battery  of  two  thousand 
double  plates  belonging  to  the  Iloyal  Institulon  wdl 
4l2 
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scarcely  act  by  its  true  Poles*  when  arranged  on  a  floor 
of  stone,  and  requires  not  nnerely  the  in«;u!nlion  of  por- 
celain, btit  likewise  of  dry  wood  ^  and  when  arranged 
on  a  stone  floor,  it  is  hardly  possible  to  walk  near  any 
of  the  app  roach  hi  g  series  without  receivinpj  shocks.  In 
cases  of  ihe  ignition  of  wire,  the  cooling^  influence  of  the 
substances  in  contact,  and  of  that  part  of  the  chain  not 
ignited,  interferes  most  when  small  qn  an  titles  of  wire 
lire  employed,  and  with  feeble  powers  ;  and  hence  the 
effect  is  at  first  in  a  lower,  and  then  in  a  liigher  ratio 
than  the  number,  when  the  whole  range  is  small,  as  in 
the  experiments  above  stated.  If  there  is  an  imperfect 
connection  in  any  of  the  series,  a  great  diminution  of 
power  is  the  consequence.  If  one  plate  is  corroded  or 
covered  with  more  ojtide  than  the  rest,  there  is  a  general 
loss  of  effect.  If  copper  is  substituted  for  Zinc,  or  Zinc 
for  Copper,  in  a  single  series  the  result  is  similar ;  and  I 
And  that  a  Platina  wire,  introduced  in  the  place  of  an 
arc  of  Silver  and  Zinc,  in  a  series  of  thirty,  diminished 
its  power  of  producing  Gas  so  mnchi  that  it  was  equal 
only  to  th ait  of  four."  (g,)  Consult  also  references  (A.) 

(35,)  To  examine  Ihe  different  Theories  which  have 
been  proposed  in  order  to  account  for  the  origin  of  those 
Phenomena  which  are  termed  Galvanic  or  Voltaic,  falls 
not  strit;tly  within  the  scope  of  tliis  Treatise,  It  may, 
however,  fee  necessary  for  us  to  state  in  what  manner  it 
seems  connected  with  Chemical  Affinity,  especially  as 
Bonie  have  supposed  all  Chemical  Affinities  to  spring 
from  ElectricaJ  action ;  whilst  others,  on  the  contrary, 
have  asserted  that  all  Electrical  Phenomena  are  essen- 
tially acrompanied  by  Chemical  changes,  thus  referring 
those  Phenomena  to  the  mutations  which  take  place 
among  the  Elementary  molecules  of  Bodies.  Whether 
the  Electrical  Polarities  of  the  molecules  of  malter  be 
or  be  not  the  cause  of  Chemical  Affinity,  is  a  question 
which  the  Chemist  is  deeply  interested  in  resolving. 

Volta,  who  laboured  assiduously  and  successfully  in 
this  field,  supposed  that  Electricity  was  developed 
solely  by  the  contact  of  dissimilar  metals.  The  fluid 
with  which  the  Pile  is  charged,  he  regarded  only  in  the 
light  of  a  conductor.  It  seems  true  that  the  mere  con- 
tact of  two  metals  is  sufficient  for  the  evolutiou  of  Elec- 
tricity;  for  if  a  plate  of  Copper  and  a  plate  of  Zinc  be 
made  to  tonch  each  other,  both  being  aflixed  to  insu- 
lating handles,  the  Copper,  after  their  separation,  is 
fountl  charged  with  resinous,  and  the  Zinc  with  vitreous 
Electricity,  The  same,  how^ever,  has  been  recently 
found  to  take  place  with  two  discs  of  the  same  metal 
when  they  are  of  different  temperatures  before  their 
contact.  In  these  cases  no  Chemical  change  is  ap- 
parent ;  though  it  is  possible,  and  even  probable,  that 
some  oxidation  may  take  place  to  a  slight  extent.  In 
this  Theory  of  Volta  all  the  Chemical  changes  which 
manifestly  attend  the  Electrical  action,  are,  g*  causes^  dis- 
regarded. 

Dr.  Wollaston  became  the  most  direct  opponent  of 
the  views  of  Volta,  and  in  an  admirable  Memoir,  pub- 
lished In  the  Philosophical  Tranmciiom  for  1601,  he 
advanced  numerous  arguments  in  support  of  a  contrary 
explanation  of  the  case.  The  substance  of  Br.  Wol las- 
ton's  Theory  consists  in  supposing  the  Chemical  change  to 
be  the  primary  action ;  as,  for  Instance^  the  oxidation  of 
the  Zinc,  where  plates  of  Zinc  and  Copper  are  employed ; 
and  that  the  developement  of  Electricity  is  a  conse- 
quence resulting  from  thenee. 

The  Theory  of  Sir  H.  Davy,  which  is  now  more 
generally  received,  acknowledges  both  sorts  of  action 


already  noticed.  It  admits  the  disturbance  of  tin  1 
natural  Electricities  upon  the  contact  and  subseqacal  W 
separation  of  dissimilar  bodies,  and  does  not  consider  ' 
that  a  Chemical  change  is  essential  to  the  commenee- 
ment  of  Electrical  action.  But  it  was  proved  by  expe- 
riment, that  for  the  continuance  and  accumutation  of 
Electrical  action.  Chemical  changes  in  the  Elements  of 
the  Pile  are  indispensable.  Sir  H.  Dary  traces  tliif 
mixed  operation  by  supposing  that  by  the  contact  of  tlie 
Zinc  and  Copper  plates  in  the  Pile,  all  the  former  be* 
come  Positive,  and  all  the  latter  Negtitive ;  that  bj 
means  of  the  conducting  fluid  interposed,  all  the  vttieous 
Electricity  is  enabled  to  accumulate  at  one  end  of  tilt 
Pile,  and  all  the  resinous  fluid  at  the  otlicr.  Such  i» 
the  primai7  and  momentary  action ;  but  to  produce  a 
repetition  of  these  efFecLs,  so  as  to  promote  the  con- 
tinuous action  of  the  Pile,  he  considers  the  Chemidl 
change  as  perpetually  lending  to  restore  the  Electne 
equilibrium  that  has  been  thus  disturbed.  This  takts 
place  by  the  Electronegative  Elements,  Oxygen,  Adds, 
&c*  passing  to  the  Zinc  plate,  while  the  Electropositift 
Elements,  the  Bases,  Hydrogen,  &c.  go  to  the  Copper 
surface,  restoring,  momentarily,  the  Electric  equilibrium 
in  both  cases,  and  thus  preparing  the  metals  for  a  aev 
etfort  of  the  Electromotive  force.  On  these  points  con* 
suit  references  (l) 

(36.)  Whatever  Tlieory  be  adopted  with  regard  tatiit  H 
primary  developement  of  Electrical  Action  in  the  Pkk  ^ 
it  becomes  a  matter  of  convenience  to  form  aome  system 
which  may  unite  in  one  view  the  eflTecis  as  such ;  is 
order  thai  we  may  employ  it  as  a  practical  assistanl  is 
submitting  bodies  to  Voltaic  Electricity  as  a  Chemiol 
Agent.  For  this  end  it  is  quite  immaterial  which  of  llif 
Theories  already  mentioned  be  admitted.  In  fed,  Uie 
explanation  which  we  are  about  to  recite  is  to  be  oa» 
sidered  not  as  an  assertion  of  the  actual  laws  idlici 
govern  the  molecular  Affinities  of  substances,  but  only 
as  a  convenient  mode  of  representation^  a  sort  of  illas- 
t ration  ;  it  may  be  the  true  one  in  its  most  strict  mmt, 
or  it  may  not ;  but  in  either  case  we  may  safely  empl^ 
it  as  a  law  by  which  to  regulate  the  methods^  and  fore* 
tell  the  resuhs  of  our  eitperiments. 

Of  such  eitplauations  the  most  clear  was  giveo  fc^ 
Grotthus,  and  first  published  in  Italy.  We  fubjoiB 
the  substance  of  it,  as  given  in  M,  Thenard's  Wurl, 
though  it  is  almost  verbatim  the  same  with  that  of  tbe 
original  autlior  as  republished  in  the  Annalex  de  Chuau^ 
(Ar.)  because  it  gains  an  additional  authority  from  biting 
passed  through  the  hands  of  that  able  SystematisL  (^J 

If  we  place  between  the  two  Polar  wires  of  a  Pile' 
activity,  any  substance  which  is  capable  of  und 
decomposition  by  that  Pile,    immediately  all  the 
mentary  molecules   in   each   compound   atom  pli 
between  the  Positive  and  Negative  Poles,  undergo  Po- 
larization ;  that  is  to  say,  their  natural  Electric  lui«i  i* 
decomposed,  and  some  of  the   Eleme:itary  raolecuin 
becoming  Positive,  tend  towards  the  Negative  Pole; 
while  others  becoming  Negative,  tend  towards  the  Pw»- 
tive  Pole.     Suppo*.e   there  to  be  only  five  cninpdOBd 
Atoms  between  the  two  Poles,  and  thai  each  Ai 
should  be  composed  of  two  Elementary  molecules; 
A  represent  the  Positive  molecule  and  B  Ihe  N  ^ 
molecule  in  the  first  Compound  Atom ;  also  \tCK 
the  Positive  molecule,  and  B'  the  N^;ative  motecule 
the  second  Compound  Atom,  and  so  on :  the 
ment  which  will  then  result  is  shown  in  the  ibUoiriiC 
diagram : 
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CljemiiiiT.  Uie  bottom  of  the  vessel  was  uniformly  covered  wUh 

^-^,''^*-^  crystals. 

Suth  is  the  scanty  display  offsets  which  we  are  able 
to  produce  in  cosiuection  with  Uiis  branch  of  our  sub- 
ject, but  we  Ihiiik  they  are  sufficient  to  show  I  but  Mai?- 
iietic  action  does  exert  some  influence  on  molecukir 
attraction* 
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PAFiT  II. 

CHAFrER  l.^^GeneTul  Physiml  Properties  of  Panderable  MaJter. 


(41.)  TnE  Properties  of  Matter  which  we  profess  to 
examine  in  this  Treatise  arc  those  that  are  strictly  Che- 
mical But  it  most  not  thence  be  inferred  that  we  have 
no  business  with  the  Physical  Properties  of  bodies,  for 
several  of  those  marks  by  which  a  Chemist  distin- 
guishes one  substance  from  another  are,  strictly  speak- 
ings. Physical  Properties.  Such  as  Hardness,  Specific 
Gravity,  Elasticity,  Colour,  &c.  To  invej^lij^ate  alt 
these  fully  is  a  part  of  the  pro\ince  of  General  Physics, 
and  several  of  these  properties  form  the  basis  of  all 
Mechanical  Science.  In  this  preliminary  introduction 
we  shall  as  briefly  as  possible  mention  those  Properties 
which  are  essential  to  the  nnderstantling  of  future  Sec- 
tions, entering'  at  the  same  time  rather  more  fully  upon 
such  details  as  form  a  portion  of  the  operations  of  prac- 
tical Chemistry^ 
Pliv*ical  (42,)  Mapntiida  is  a  Property  belong^! ni^  to  all  snb- 

Pmperiie*  Stances,  and  need  not  be  made  more  intellig-ibfe  hy 
verbal  definitions:  let  it  only  be  rememhered  that  it 
refers  to  space  alone.  Magnitude  may  be  Linear,  Su- 
perficial, or  Solid  ;  in  which  latter  case  it  is  usually 
spoken  of  under  the  term  Folumt'.  Divisibiiity  is  a 
Property  of  Matter  having  reference  to  Maj^ri^rtude. 
Mathematically  speakincT,  Matter  is  divisible  ad  infini- 
tum^ but  the  practical  or  meclmnical  divisibility  of 
Matter  is  limited  by  onr  powers  of  handling  or  viewing 
minute  olyects.  Hence  it  is  that  the  Chemicttl  divisi- 
bility of  Matter  greatly  exceeds  that  which  can  be  effected 
mechanically:  for  by  dissolving  a  solid  substance  in 
any  appropriate  menstruum  we  may  very  greatly  dilute 
the  solotion,and  still  be  able  to  prove  by  reagents  thai 
every  portion  of  the  solution,  however  minute,  contains 
also  some  portion  of  the  original  Solid.  The  limit  to 
this  also  seems  to  be  fixed  by  the  powers  of  our  organs 


of  vision,  &c.  But  in  this  case  the  extreme  minuit-n!- 
of  that  portion  of  solid  matter  which  has  been  separjird 
from  the  original  mass,  and  thus  indirectly  again  retug- 
nised,  almost  surpasses  our  conception. 

That  Property  of  Matter  about  which  much  H»ib<« 
written  under  the  name  of  Impenetrability  ofparU,  k 
in  fact,  the  same  thing  as  the  Property  of  being  lointK^f 
and  feltj  by  which  we  are  convinced  of  the  e\isieiicc  of 
substances.     Generally  speaking,  tw*o  substance^-  "*"* 
not  exist  in   the   same  space,    and  this  is  alt  i\ 
meant  by   the    property  of  Impenetrability ;    hut  \m 
existence  of  the  Property  itself,  speaking  with   matlit- 
matical  rigour  of  Matter  in  its  natural  state,  seems  to 
be  at  least  doubt  fid.     It  is  supposed  that  no  suiManet 
is  absolutely  solid,   and  the  experiments  with  metuHic 
alloys,  in    which  great   condensation  frequently  takfl 
place,  as  well  as  the  solution  of  solid  masses  of  mculs 
or  salts  in  liquid  menstrua,  without  propartioiiid>ly  add- 
ing to  the  volume  of  the  mass,  goes  far  to  support  the 
mathematical  view  of  the  case,     ImpenelrabiHty  exists 
if  we  speak  of  any  one  given   substance  only,  end  M 
must  exist  with  reference  to  all  Matter  if  we  pofscssed 
it  in  an  absolntely  solid  state;  but  as  this  is  never  the 
case,  we  cannot  assert  it  of  all   heterogeneous  bodies 
with  reference  to  each  other. 

It  woidd  appear  that  all  substances  are  Co 
some  to  a  great  extent,  as  tfie  Aerifbrm  Fluifls ; 
scarcely  at  all,  as  the  Liquids  atid  Solids. 

Etastieiiy   is   also  a   term    of    freqnent    occurs 
among  the  Physica!  Properties  of  bodies ;  ft  Is  < 
to  be  that  Property  by  which  bodies  that  ondcTfO  i 
precision  return  to  their  former  state  upon  the 
of  that  pressure.     It  has  not  been  so  done,  but 
limitation  ought  to  be  made,  as  to  the  manDer  io  wh 
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f.'iicmisiry,   and  of  course  less  on  the  sum  mils  of  high  nioontains 

^-^^,*^  th(\ii  in  the  plains  below. 

(48)  In  maUers  of  f^reat  delicacy  when  Solids  arc 
concerned,  and  in  all  cases  when  aeriform  matter  is  in 
question,  the  Specific  Gravities  of  bodies  are  supposed 
to  be  taken  in  vaato;  and  at  some  given  temperatnre; 
as,  otherwise,  the  dilatations  or  contractions  produced 
by  Heat  wodd  greatly  interfere  with  uniformity  of 
result. 

Proceeding  upon  these  principles;  if  W  be  the 
Weig^ht  of  any  mass  of  matter,  S  its  Specific  Gravity, 
f  the  force  of  Gravity  at  the  latitude  in  which  the  expe- 
riments are  made»  and  W  the  Weight  of  an  equal 
volume  of  water,  at  the  standard  temperature  which  in 
England  is  usually  taken  at  60^  Fahrenheit,  or  some- 
times 62*^  Fahrenheit, 

Here  it  is  to  be  remarked,  that  W,  W,  S»  and  g-,  are 
not  absolute  quantities^  but  abstract  numbers,  each 
referring  to  some  assumed  unit. 

In  France,  it  is  usual  to  adopt  for  the  standard  Tem- 
perature that  at  which  water  has  its  maximum  density ; 
and  from  the  constitution  of  the  French  System  of 
Weights  and  Measures,  the  Gramme  Weight  consists  of 
one  cubic  Centimetre  of  DistiUed  Water  at  that  temper- 
ature. If  therefore  V  be  the  number  of  cubic  Ctrnti^ 
metrei  in  the  mass,  V  is  also  the  Weight  in  grammes 
of  the  Volume  of  water  equal  to  that  of  the  sub- 
slance.  And  V  S  becomes  the  actual  Weight  of  the 
same  volume  of  any  other  substance  whose  Specific 
Gravity  is  S, 

Should  it  be  required  to  find  the  vahje  of  W  for  any 
given  volume  of  water;  W'^  25*2^458  V  Troy  Grains; 
Thermometer  62^  Fahrenheit ;  Barometer  30  inches ; 
where  V  refers  to  English  Cubic  Inches:  because  at 
that  Temperature  and  Pre«sure^  one  Cubic  Inch  of  Dis- 
tilled Water  weighs  252,458  Troy  Grains^  according  to 
the  latest  examination. 

(49.)  The  following  General  Tlieorems  are  of  con- 
stant service  to  the  practical  Chemist. 

Let  W  be  Weight,  V  Volume,  and  S  Specific  Gra- 
vity. 


Then,  generally,         W  oc  V  S, 

c      W        ,  „       W 
/.  S  CC  rj,   and  V  oc  — . 

V  o 

Let  there  be  two  substances  mixed,  or  combined, 
providing  only  that  no  condensation  take  place. 

Let  W„,  W^,  and  W^  be  th«!  Weights  of  the  mixture, 
the  denser,  and  the  lighter  bodies  respectively. 

Also  let  8^,  Sj,  and  S|.  be  their  Specific  Gravities 
respectively. 

And  V,,,  Vrf,  and  V|  their  volumes  respectively. 


(50.)  Then   S.  =  ^3, 


(51.)  Or 


V.  +  V/ 


•  Srf  s„ 


which  is  the  usual   formula,  but  in  practice  it  is  more 
conveniently  represented  thus 


S^^(W,  ^W,) 


-d'-S) 


(52.)  Also 


(53.)  And 


v.  =  «--^' 


v,= 


(54.)  Also  S^  = 


(55.)  And 


S,= 


s., 

-s 

s, 

-s. 

V 

s. 

-s, 

•>    »•»• 

?= 

V.- 

• 

s. 

v.- 

s,v^ 

V, 


(56.)  If  these  formulce  be  applied   to   the 
Atmospheric  Air,  S„  becomes  =  1^  t>ecausc  in  al!  quci- 
tions  relatini^  lo  aeriform   bodies,  the  Specific  Gn^^ 
of  Atmospheric  Air  is  made  the   unit  of  llie  ^ralel 
which  Sj  and  Sj  are  referred.     From  all  the  abort  f 
mulse  g  has  disajipeared.  because  it  is  ut^ual  to  i 
the  force  of  Gravity  nnily. 

(57.)  These  things  being  premised,  we  need  oalj  |- 
advert  to  one  otlier  Property  of  Matter  which  also  iiig 
general  in  its  etlcctH.  or  operations.  It  is  this,  thai 
whelher  matter  exist  in  the  solids  the  liquid,  or  tk 
gaseous  form^  it  dilates  by  the  appli cation  of  Heil» 
and  contracts  when  Caloric  is  abstracted*  By  this  prtf- 
perty  the  Solids  are  least  u^ected,  the  Liqirida  rathtr 
more  so,  and  the  aenlbrm  substances  possess  this  Pn>* 
perty  to  a  very  great  extent.  From  their  Physical  coi* 
stttution  it  is  obvious  that  this  must  be  the  ca»e:  for 
since  the  molecules  of  all  Gases  and  vapours  are  in  lo 
active  a  state  of  mutual  repulsion,  that  their  volume  al 
alt  times  depends  upon  the  pressure  lo  which  they  ait 
subject,  if  we  suppose  an  equilibrium  between  tbil 
pressure  and  the  elastic  force  of  the  Gas,  any  accesiai 
of  Caloric,  whicht  as  is  well  known,  increases  the  if* 
pulsive  force,  will  enable  the  aeriform  Fluid  to  esptsd 
itself,  and  to  occupy  a  larger  volume. 

The  case  of  water,  which  has  its  maxin[ium  density  it 
40*^  Fahrenheit,  and  of  those  metals  which  expssd 
during  the  act  of  solidification,  does  not  justly  form  u 
exception,  for  all  these  elfects  are  dependant  upOQ  t 
new  arrangement  of  the  molecules  which  takes  pbee 
during  the  process  of  crystallization, 

(58.)  ft  may  be  convenient  to  note  the  geners)  fiir»C* 
mulse  for  the  expansions  of  alt  bodies  by  aoc^oioiisrf"* 
temperature. 

Let  V  be  the  volume  at  any  temperature  fi  and  V* 
be  the  volume  at  temperature^';  where  f'andl"iw 
counted  from  the  point  of  melting  ice.  Also  let  Kbelbe 
true  cubic  dilatation  for  each  unit  of  volume,  (in  tennf 
of  V,)  and  for  each  degree  of  the  thermometer  lo  wliiA 
i  refers. 

Thus,  generally,  (Heat,  35.)  V'  s  V .  \^^> 

which  formula  applies  to  Solids,  Liquids,  or  Gases, 

(59.)  But  since  in  some  Tables  of  dilatations  the 
dilatations  only  are  given,  let  this  =  k,  then  iu  this 

-     '  l  +  Bkf  +  Bk't'^  +  k^i^' 

(/?tK)    And   it   has  been    shown  (Heat,  35.)  thit  m 
Solids  where  at  a  distance  from  their  fusing  poiuts  the 
dilatation  is  very  small^  we  may  make  R  =r  S  j^  and 
employ  the  formula  in  Art.  (58.) ;  or  as   a  still  i 
simple^  though  less  rigorous,  expression,  we  may  i 
this 

V"  =  V  {  I  +  K  (r  -  O  }  • 
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Chcmittry.  of  15  inches,  occupy  a  larger  apace  thaa  in  the  other 
^■^v^^  experiment,  and  the  mereury  will  only  rise,  let  us  sup- 
pose to  d.  But  let  it  be  remembered  that  the  atte* 
iiuated  air  in  the  narrow  tube  always  occupies  exactly 
the  space  which  the  whole  occupied  under  the  ordinary 
atmosphjeric  pressure.  Now  this  space  is  in  the  one  case 
the  cavity  6  c,  and  in  the  other  b  d.  Hence  it  clearly  fol« 
lows,  that  the  catity  c  d^  which  is  the  difference  between 
these,  is  equal  to  the  bulk  of  the  solid  matter  in  the 
sand.  Now  by  marking  the  number  of  grains  of  water 
held  by  the  narrow  tube  6  e  on  a  g^raduated  scale  at- 
tached to  it,  we  can  find  at  once  what  is  the  weight  of 
a  quantity  of  water  equal  in  bulk  to  the  solid  matter  in 
the  sand,  and  by  comparing  this  with  the  weight  of  the 
sand  in  air,  we  have  its  true  Specific  Gravity. 

**  As  some  porous  bodies,  such  as  Charcoal,  hold 
much  condensed  air  within  their  pores,  and  may,  pro- 
bably, retain  this  property  in  some  deg^e  even  when 
in  powder,  the  chance  of  error  arising  from  this  source 
is  obviated  by  comparing  the  dilatation  which  takes 
place  under  different  degrees  of  pressure — ^under  10 
inches  and  20,  for  instance,  or  under  7^  and  1 5. 

"  The  Specific  Gravity  of  Charcoal  is  generally  esti- 
mated as  under  5,  but  by  this  process  the  powder  of 
Charcoal  exceeds  that  of  the  Diamond.  The  Specific 
Gravity  of  Mahogany  is  1.06,  but  of  Mahogany  saw- 
dust 1.68.  That  of  Wheat  flour  1.56,  and  of  pounded 
Sugar  1.82.  Of  Salt  2.15,  agreeing  with  the  common 
estimate.  Volcanic  ashes  4«4,  being  equal  to  that  of 
some  metallic  ores." 

(65.)  Should  it  be  necessary  to  introduce  these  very 
minute  corrections,  which  depend  upon  the  tempera- 
ture of  the  substances  or  liquids  employed,  the  for- 
mulae for  this  purpose  may  be  seen  in  M.  Biot*s  Phy* 
sique,  vol.  i.  p.  426,  though  we  cannot  devote  the  space 
requisite  for  their  introduction  into  this  Treatise. 

(66.)  Substances  which  are  usually  called  Solid, 
but  which  like  Charcoal  contain  numerous  pores,  are 
capable  of  condensing  within  those  pores  very  consi- 
derable quantities  of  Gases :  but  to  this  property  we 
shall  advert  when  we  have  entered  more  fully  upon  the 
description  of  aeriform  fluids. 

Properties  thai  bdovg  to  Liquids, 

Liquids.  (67.)  Of  the  extensive  catalogue  of  Properties  that 

has  been  recited  as  belonging  to  Solid  Bodies,  few 
only  will  be  found  to  apply  to  those  Substances  which 
exist  in  the  Fluid  State. 

Tenicity.  In  Tenacity  the  Fluids  may  be  said  to  differ  slightly, 

as  there  is  a  difference  in  the  magnitude  of  the  drop 
that  may  be  formed  by  each  when  falling  from  the 
moiith  of  a  Phial :  and  the  quantities  which  will  issue 
fi'om  small  orifices  under  given  pressures  are  found  to 
be  variable.  This  circumstance,  however,  may  also  be 
explained  by  attributing  to  each  different  degrees  of 
their  chak-act eristic  Property  Fluidity. 

Volatility.  Some  Fluids  are  of  easy  Volatility;  others  are  not 
volatile  at  all  under  any  processes  to  which  we  can 
submit  them  ;  though  analogy  and  experiment  would 
unite  in  leading  us  to  suppose  that  all  substances  in 
nature  are  capable  of  being  rendered  fluid,  and  of  being 
also  volatilized  by  the  application  of  a  sufficient  degree 
of  heat.  Vide  Treatise  on  Heat,  Art  (65.)  &c.  And  it  is 
to  be  remembered,  that  in  practice  some  substances, 
such  as  the  fat  oils,  take  fire,  and  are  consumed  upon  a 
sufficient  elevation  of  temperature :  so  that  the  univer- 
sality of  the  law  seems  here  to  be  interfered  with  by  the 


Corrections. 


Solids  ab- 
sorb Gases. 


presence  of  another  phenomenon.    The  exception  is, 
however,  only  apparent,  for  the  fat  oils  are  capable  of  ^ 
regular  distillation  in  vacuo. 

Circumstances  connected  with  the  evolatioD  ofgi 
vapour,  and  its  passage  through  the  fluid,  prodoea 
the  phenotnenon  of  ElnUliUon.  Fide  Treatm  en  Hla1^ 
Art  (73.)  Ac.  The  temperature  at  which  fluids  bofl, 
or  pass  into  the  state  of  vapour,  fineqaently  forma  a  put 
of  the  Chemist's  researches,  and  ought  always  to  te 
stated  among  the  physical  properties  of  eveiy  floid« 

(68.)  For  a  long  time  it  has  been  questioned  fHia-  Ci 
ther  liquids  were  compressible,  and  water  was  thi^ 
substance  upon  which  experiments  were  made.  Tht 
Florentine  Academicians  were  the  first  to  devise  a  pro* 
cess  which  by  its  result  seemed  to  prove  that  wmr 
was  compressible  to  a  slight  extent :  the  researches  itf 
Professor  OBrsted  and  of  Mr.  Perkins  have  decided 
this  point  satisfactorily.  By  a  pressure  of  2000  atmo- 
spheres, Mr.  Perkins  reduced  a  mass  of  water  to  f  of  to 
original  volume. 

(69.)  As  might  be  expected,  the  Specific  Gravity  if  ^ 
Liquids  forms  an  important  feature  in  thdr  PhyM  Gsi^ 
History.    Water  is  made  the  unit  of  the  scale  to  wiiieh  ^^ 
they  are  referred  as  in  the  case  of  solids.     Hie  mdli 
usually  employed  for  obtaining  equal  volumes  of  Ibi 
two  substances  to  be  compared  is  very  simple :  te 
weight  of  the  water,  which  is  contained  by  a  small  bsl* 
tie  capable  of  being  accurately  closed,  is  compared  wHIi 
the  weight  of  an  equal  volume  of  liquid  obtained  bf 
filling  and  weighing  the  same  bottle. 

Let  W^  and  W^be  the  weights  of  the  water  and  of 
the  liquid  respectively,  then  the  Specific  Gravity 

And  for  greater  simplicity,  the  small  bottle  or  flaak  ii 
sometimes  made  to  hold  exactly  1000  Grains  of  Dis- 
tilled Water,  and  a  constant  counterpoise  is  provided 
for  the  empty  bottle ;  so  that  when  it  is  filled  with  laj 
other  liquid,  the  weight  that  is  required  in  addition  to 
the  counterpoise  to  produce  an  equilibrium,  repreacDlB 
at  once  the  ratio  borne  by  the  liquid  to  1000  grains  ot 
distilled  water ;  or,  in  other  words,  the  Spedfic  Gn> 
vity  of  the  Fluid. 

(70.)  It  is  evident,  however,  that  the  rale  abote 
given  produces  only  an  approximative  result  For,  hi 
the  first  place,  both  the  water  and  the  fluid  must  be 
referred  to  some  fixed  standard  of  temperature,  to  ob* 
viate  the  effects  of  dilatation.  In  France,  this  stand* 
ard  point  has  been  judiciously  placed  at  the  maximutt 
density  of  water,  which  is  about  40^  Fahrenheit,  bat  to 
this  country  63^  Fahrenheit  is  usually  considered  the 
standard  point  In  the  next  place,  the  dilatadonoT 
the  bottle  should  be  allowed  for  by  calculation.  Tlie 
experiments  also  should  be  made  in  vacuo;  or  ebe 
reduced  by  calculation  so  as  to  obviate  the  errors  arisfaig 
from  their  being  made  in  air  and  moisture.  Ana 
lastly,  the  Barometric  Pressure  should  not  be  over* 
looked. 

It  would  be  easy  to  insert  formule  whidl  aflbrd 
these  corrections,  but  in  practice  they  are  seldom  re* 
sorted  to,  and  the  limits  to  which  we  must  here  coa- 
fine  ourselves,  only  permit  our  referring  those  who 
may  wish  for  further  information  on  the  sobjcci  IS 
M.  Biot's  Physique^  tom:  i.  p.  399. 

(71.)  We  have  already  adduced  in  Art  (58.)  ageae*  ^ 
ral  formula  applicable  to  the  Dilatations  of  Liquids  ^' 
by  the  Effect  of  Caloric ;  but  since  it  always  happcw 
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sion  and 
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Chemistry,  pressure ;  and  the  other,  the  ratio  of  auch  weights  ibr 

^-«^'-*^  all  the  different  gases,  that  is  their  specific  gravities, 

referred  to  the  weight  of  any  one  among  them  as  a 

unit.     For  this   purpose  Atmospheric  Mr  has   been 

employed,  calling  its  weight  unity  in  the  Series. 

On  the  general  principles  of  Specific  Gravities,  if  we 
have  the  weight  of  a  volume  of  dry  gas  and  of  an  equal 
volume  of  dry  atmospheric  air,  at  a  g^ven  temperature 
and  pressure,  the  specific  gravity  of  the  gas  equals  the 
weight  of  the  gas  divided  by  the  weight  of  the  air.  But 
before  we  enter  upon  the  practical  processes  for  obtain- 
ing  the  Specific  Gravity  of  a  Gas,  we  must  become 
better  acquainted  with  certain  other  properties  of  aeri- 
form Fluids. 

For  the  Specific  Gravities  of  the  gases  see  Table 
No.  1,  and  consult  References  (c),  (d.),  (c).  (/.),  (g.) 

(76.)  A  pure  and  dry  gas  is  capable  of  being  me- 
chanically compressed  when  confined  in  a  close  vessel, 
and  upon  the  removal  of  the  pressure,  the  aeriform  fluid 
returns  to  its  orig^inal  volume.  And  when  air  is  con- 
fined in  a  bent  tube  and  loaded  with  different  weights 
of  mercury,  the  spaces  into  which  it  is  compressed  are 
found  to  be  inversely  as  those  weights.  But  the  weights 
are  the  measures  of  the  elasticity,  therefore  the  elasticity 
always  varies  directly  as  the  space  occupied  by  the  air. 

The  density  varies  inversely  as  the  space,  and  there- 
fore the  elasticity  of  air  varies  directly  as  its  density. 
(Mariotte*s  law.) 

(77.)  Hence  if  V  be  the  original  volume  of  a  g^ 
under  a  pressure  p,  (usually  expressed  in  inches  of  mer- 
cury in  the  Barometer,)  and  V  its  volume  under  a 
pressure  2/, 

V'-p'  p 

This  formula  is  employed  whenever  we  have  the 
volume  of  a  gas  =r  V^  under  a  known  pressure  j/,  and 
wish  to  ascertain  its  volume  under  some  other  pressure 
p :  in  this  case  V  is  obtained  from  the  above  equation. 
Example.  Having  100  cubic  inches  of  gas  at  Baro- 
meter 28,  what  is  this  equivalent  to  under  the  standard 
pressure  of  30  inches? 

Here      V  =100    ;/  =  28     and  p  =  80, 
^r      ,^/.      28      2800      ^. .«. 

•'•^  =  ^'^§o=lo-=^^-^^^- 

(78.)  If  the  air  or  gas  be  confined  in  a  tall  jar  or  tube 
standing  over  mercury,  so  that  the  pressure  cannot  be 
naturally  equal  within  and  without  the  jar,  and  thence 
the  air  becomes  dilated. 

Let  the  length  of  the  column  of  gas  in  the  tube  =:  «r ; 
let  the  total  height  of  the  column  of  mercury  and  gas 
above  the  surface  of  the  fluid  in  the  trough  =  A ;  the 
altitude  of  the  Barometer  =  p' ;  then  the  true  volume 
at  that  pressure. 


Volume. 


or  V  =  V I^. 


V'=^.{f/- (*-»)}; 


Generally, 


(80.)  The  weight  of  a  given  volume  of  any  gas  (at  h 
Barometer  80,  Thermometer  60®  Fahrenheit)  =  V  (b  ^ 
cubic  inches)  x  Specific  Gravity  x  .805  grains  IVoy,  ^H 
(the  weight  of  a  cubic  inch  of  dry  atmos[4iaric  air.) 

(81.)  The  weight  of  a  griven  volume  of  air  or  gat 
varies  as  its  density  (49.),  and  therefore  as  the  piessaro 
to  which  it  is  submitted.  Hence  if  we  have  the  weiglift 
of  a  given  volume  of  air  at  a  g^ven  pressure,  it  is  eMf 
to  ascertain,  by  proportion,  &e  weight  of  a  siiiiilar 
volume  under  any  other  pressure. 

Example,  If  100  cubic  inches  of  atmospheric  wk, 
at  Barometer  28  inches,  weigh  28.466  grrains  Tnj, 
what  will  a  similar  volume  weigh  when  the  Barometer 
is  at  the  standard  altitude  ? 

Here        W'rr  28.466    p=:30    // =  28. 
SO 
.-.  W  =  -  X  28.466  =  80.5  nearly; 
2o 

80.5  grains  being  the  weight  actually  admitted  at  pre* 
sent  on  the  experiments  of  Sir  G.  Shuckburgh.  ^ 

(82.)  But  it  is  also  known  that  all  substances  undofs  ^1^ 
a  change  of  volume  by  Heat,  and  that  this  openl«2[]^ 
upon  gases  to  a  very  considerable  extent  It  has  bees 
shown  (Heat,  84.)  that  if  V  be  the  volume  of  any  sob- 
stance  at  82^  Fahrenheit,  and  V  its  new  volume  wfan 
heated,  i  the  degrees  that  it  is  heated  above  82^,  nd 
K  the  cubic  dilatation  of  the  unit  of  mass  for  odi 
degree  of  Fahrenheit, 

V'  =  V.(1  +  K0. 

Hence  if  we  know  the  volume  of  a  gas  Y  at  SP 
Fahrenheit,  we  can  learn  its  volume  W  upon  its  hdlt 
heated  any  number  of  degrees ;  for  it  has  been  pimd 
by  Dalton  and  Gay  Lussac,  that  K,  the  cubic  dilatite 
of  all  gases,  is  iljg  of  the  original  volume,  at  82^  FA* 
renbeit,  for  each  degree  that  Siey  are  heated. 

Example.  Let  it  be  required  to  know  what  will  IM 
cubic  inches  of  gas,  at  82^  Fahrenheit,  become  ia  volnw 
when  heated  to  60°  Fahrenheit 


Here         V=:100    t^\ 


.•.V=100 


\    ^  480/ 


«.dK  =  jL. 


50800 


480 


=  105.83  cuhieii. 


and  W  may  be  reduced  to  V,  if  required,  by  formula  in 
(77.) 

(79.)  And  should  a  similar  reduction  be  required  for 
gas  standing  over  water,  since  j/  refers  to  a  pressure 
made  by  mercury,  the  preceding  formula  will  become 

and  this  also  may  be  reduced  to  the  standard  pressure 
p  as  the  preceding. 


(88.)  But  it  has  also  been  shown  (Heat,  85.)  that  tlie 
volume  at  any  other  temperature  may  be  introduced  imo 
the  formula  without  having  recourse  to  the  volume  si 
80^  Fahrenheit ;  and  this  is  a  case  of  more  fieqncdt 
occurrence  than  the  former. 

For  if  V  be  the  volume  at  82^  Fahrenheit  V  that  si 
temperature  f ,  and  V^'  that  at  temperature  1^,  we  haft 
from  the  general  theorem,  calling  K  the  cubic  *iii«tfi1ww 
as  before, 

V'=:V(1+K0 
V"  =  V(l+KO- 
Hence  by  division  we  have 

generally.     VsV.   i^^', 

or  =V'  .  480,],^  for  Fahrenheit  only. 

Example.  Let  it  be  required  to  calculate  what  100 
cubic  inches  of  gas,  at  temperature  50^  Fahrenheit  woidd 
become,  if  heated  to  60^  Fahrenheit 

HereV=100^=18   <f'=28   andK=— . 

480 
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lenerally. 


=  100. 


V"-V    ^+^^' 

508 

— —  =  102.008  cubic  inches, 
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(84.)  And  since  air,  or  gas,  ia  frequently  confined  in 
vessels  of  glass  or  metal,  which  also  change  their  abso- 
lute capacity  by  change  of  temperature,  it  is  desirable  to 
be  able  to  compute  the  yariattons  arising  from  thi^; 
cause.  For  this  we  may  employ  the  general  formula 
^ven  in  Arl.  (71,) 

(85.)  Let  it  be  required  also  lo  introduce  into  the 
Ibnnula  last  referred  to  an  expression  which  may  pro- 
Vide  for  aimukaneously  correcting  the  volume  for  any 
change  of  barometric  pressure  from  p'  to  |>"  during  the 
experiment 

Let  p*  and  p"  be  the  barometric  pressures  at  the 
;leinperaiures  f  and  f  respectively:  then,  by  Art,  (77.) 
e  have 

^      '  p''  'h-ti'^K'l-l-ifBy 

hich  gives  us  the  true  volume  due  to  the  pressure  p". 
(S6.)  And  if  further  we  wish  to  reduce  this  to  the 
itaDdard  altitude  of  30  inches^  we  have  from  (77.) 

V  (the  volume  at  standard  altitude)  =  V"  £-. 

(87.)  Let  us  next  consider  how  the  weight  of  a  gas  is 
ade  to  vary  by  change  of  temperature,  i,  e. 

Having  the  weight  of  a  given  volume  of  gae  at  a 
ven  temperature,  required  the  weight  of  the  same 
rolume  at  some  other  temperature. 

Generally,  if  V  and  V"  be  any  two  volumes  of  gas,  at 

peratures  tf  and   H^  above  32°  Fahrenheit,  which 

>!umes  are  both  V  at  32^  Fahrenheit ;  the  weights  of 

ly  given  volume  of  the  gas  being  W  and  W^  at  the 

mpera lures  f  and  tf^  respectively. 

Then,  by  (82.)  V  =  V  (1  +  ^  t% 

id  V^^VCl -f  j!ri"X 

.  VI.  V"::  1  +  jte':  i  +  ^t*". 

But  the  weights  €C  &a  the  densities  which  OC   in* 

Versely  as  the  volumes. 

Hcoce     W :  W  ::  1  +  Jt r"  :  1  +  it  e, 

1  -I-  k  i' 

Example.  If  100  cubic  inches  of  gas,  at  temperature 
°  Fahrenheit,  weigh   50  grains,  wliat  will   an  equal 
blume  of  the  same  gas  weigh  at  80^  Fahrenheit  ? 


Generally,         W"=W'[^|^; 


W'=&0    i'^lS    ^'  =  28; 
18 


1  + 


.W"=50,- 


480 


1  + 


28 

480 


=  49,015  grains. 


(88*)  It  is  frequently  required  to  apply  both  the  last 
rreetions  lo  a  quantity  of  gas  obtahied  in  some  expe- 

iment ;  hence 
Having  a  given  volume  of  gas  under  a  given  pressure 
id  temperature;  required  the  new  volume  when  both 

pressure  and  temperature  are  changed. 


This  Problem  may  be  solved  at  two  steps :  first  ascer- 
taining the  change  from  temperature  by  (83,),  and  then 
the  change  by  pressure  by  (77,)  ;  but  it  is  neater  to  ein* 
body  both  in  one  formula. 

For  this  purpose  call  the  original  volume,  tempera - 
lure  above  3ii°  Fahrenheit ;  and  pressure ;  Y\  i\  and  p\ 
respectively. 

And  let  i^*  and  p**  be  the  new  excess  of  tempera* 
ture  above  3^°  Fahrenheit  and  the  new  pressure ;  while 
V"  is  the  new  corrected  volume.  Also  let  Q  be  the  new 
volume  corrected  tor  temperature  hut  not  for  pressure. 


Part  II. 


Then  by(830Q  =  V' 

perature  only  ; 
and  by  (77.) 


Q 


which  corrects  tern* 


or  F'  ^  Q  .-^,  which  corrects  for  pressure^ 

=  ^  ■  Sr  ' ,    ,   J  ^  by  substitution, 
p     1  +Ac 

Example,  Having  100  cubic  inches  of  gas  at  50' 
Fahrenheit  and  Barometer  29  inches  ;  required  the 
volume  of  this  at  60^  Fahrenheit  and  Barometer  30 
inches. 

Generally  (83.)  V  ^  V .  ^ .  \±^. 

Here  V  ==  100     /  ^  29    p''  =  30     e  ^  50  -  32 

=  18    ^"=28; 

29  50B 

. .  V"^  100 .  7^.  tt:^  —  98,G  cubic  inches. 

30  493 

(80.)  Similarly,     Having  the  weighty  pressure^  and  The  s&me 
temperature  of  a  given  volume  of  gas :    required  the  ^^^  wclglit. 
weight  of  an  equal  volume  when  pressure  and  temper- 
tture  both  vary* 

The  same  notation  remaining,  let  Q  represent  the  new 
weight  produced,  supposing  the  temperature  alone  had 
varied. 

The.  by  (87.)    Q==W'.J-^. 

But  weight  oc  density  oc  pressure,  '  * 

and  by  substituting  the  value  of  Q  before  obtained 


W"  =  W'.^ 


i+jtr 


Example.  If  100  cubic  inches  of  gas,  Thermometer 
50*^  Fahrenheit,  Barometer  29  inches,  weigh  50  grains; 
what  will  100  cubic  inches  weigh,  Thermometer  60° 
Fahrenheit,  Barometer  30  inches  ? 


Generally.       W 

Here  W  ^  50 

=f  ISand  f  =  2S', 


P 
j5^=29 


'  i  +  kf 


r  =  50  -  32 


30    498 

(90.)  All  that  has  hitherto  been  said  respecting  the  Tme  for  til 
properties  of  a  pure  and  dry  gas  applies  equally  to  ^n  B^^*- 
atmospheric  air,   or  to  a  mixture  of  gases,  provided 
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Effect  of 
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only  thai  no  moisture  be  present,  since  it  is  proved  by 
the  experiments  of  Gay  Lussac  tiiat  all  gases  undergo 
the  same  dilatations  by  the  same  increments  of  temper* 
ature.  And  that  the  actual  cufrtc  dUaiation  of  gas,  in 
being  heated  from  S9P  Fahrenheit  to  219P  Fahrenheit, 
is  .375  of  the  original  volume :  so  that  (Hsat,  52.) 
the  cubic  dilatation  due  to  one  degree 

of  Fahrenheit  =    r^  rs  0.002083 
480 

of  Centigrade  =  ^^^^  =  0.00875 


of  Reaumur    = 


213.33 


s=  0.0046875 


of  the  volume  at 
*  melting  ice. 


Moid  Gates. 


(91.)  The  general  principles  which  regulate  the 
effects  of  moisture  when  present  in  gases  have  been 
already  noticed  in  the  TrMiise  on  Heat,  (79.)  d  teq., 
we  would  offer,  therefore,  in  as  concise  a  form  as  pos- 
sible, the  practical  results  which  demand  the  Chemist's 
remembrance  and  attention. 

Let  Vj  be  the  volume  of  a  dry  gas  and  V»  the 
volume  to  which  the  former  increases  upon  being 
saturated  with  moisture. 

Let  p  =:  the  atmospheric  pressure,  or  the  tension  of 
the  dry  ffas. 

Let  /  s=  the  tension  of  the  vapour  due  to  the  tern* 
perature  and  to  be  found  from  tables. 

Then  since  the  elasticity  of  a  gas  varies  inversely 
as  its  volume. 

Elasticity  of  dry  gas  (p)  2  elasticity  of  moist  1 1  V^  :  V^    so  that 


easy  to  reduce  this  volume  to  that  which  is  due  to  the 
standard  temperature  and  pressure  by  (88.) :   but  we  ^ 
only  speak  of  such  a  change  as  shall  not  condense  the 
moisture. 

Thence  having  the  volume  of  moist  gas  we  obtun  the 
volume  of  dry  gas  therein  contained  by  (9L) 

(94.)  But  suppose  that  we  had  obtained  the  speoHhfc 
gravity  of  a  gas  in  a  state  of  saturation ;  mod  thai  i% 
was  required  to  calculate  the  specific  gvavi^  of  thi^ 
same  gas  when  dry. 

Let  p  =:  the  barometric  pressure. 

Let/  =  the  elasticity  of  the  vapour  due  to  the  tai^ 
perature  found  from  Tables,  Hkat,  Encjfdopmdia  Mdm^ 
poUtana,  Appendix,  Table  V.  and  Art  (79.)  of  t^ 
Treatise,  and  let  S^,  S^  and  S.  be  the  qpedfic  gHu^ 
ties  of  the  dry  gas,  the  vapour  diffused  throoghooi  n^ 
volume  of  gas,  and  of  the  moist  gas  respectivilr 
V«t  V^  and  V„  the  volumes  respectivdy. 

The  n        V«  S«  a  =  V^  S^  a  +  V,  8,  «, 

where  a  =:  the  weight  of  a  cubic  inch  of  the  gas  at  tmk 
given  temperature  and  pressure ;  for  instance,  in  die 
case  of  atmoq[)heric  air  at  Barometer  30  ^ 
60^  Fahrenheit^  a  c  .305  Troy  grains, 

V 
and  if  we  suppose  that  the  specific  gravity  which  «• 
have  taken  from  the  Table  is  the  one  belongiog  li  a 
volume  of  vapour  equal  to  the  entire  original  vohinnof 
moist  gas,  \ 

V  =V 


.V.S.=:^ 


-V,S,  +  V,S.; 


y 
.  * .  Elasticity  of  moist  s  p .  rp. 

But(H«A».9L)  l>  =  F-^+/- 


or 


S.= 


s,  +  s. 


,.(8i,-S.). 


Hence 
and 


V  ^Lul  V 


But  if,  on  the  other  hand,  we  conceive  thil  flii 
volume  of  vapour  is  to  be  estimated  on  the  suppoaite 
that  its  volume  is  reduced  to  the  volume  of  the  dry  gtf^ 
then  V,  becomes  =  V^ 


V.= 


-     V 


.V,. 


Example,  Having  100  cubic  inches  of  gas  satu- 
rated with  moisture  at  Barometer  30  and  Thermometer 
60^  Fahrenheit.  Required  the  volume  of  this  gas  when 
dry. 

Here/s  .524  by  Dalton's  tables   p  s  30   V.  =  100 ; 

30  —  .524 

.•.¥<  = — .  100  SI  98.253  cubic  inches. 

30 

<92.)  Aiui  if  Vy  represent  a  virtual  volume  due  to 
the  vapour,  or,  in  other  words,  the  quantity  by  which 
V^  is  increased  by  the  moisture, 

v,=  v,  +  v,  =  £v„ 
p 

(93.)  Supposing  that  we  had  a^given  volume  of  a 
moist  gas  at  some  given  temperature  and  pressure,  it  is 


and  we  have 


or 


^P-f 


iS,  +  8X 


S.= 


P"/ 


S.-S. 


and 


or, 


which  is  the  view  taken  by  Professor  Thomaon*  in  Us 
interesting  experiments,  First  Principles^  vol.  L  p.  0C 

(95.)  Formula  for  obtaining  /  immediately  nug  \m 
seen  in  the  Treatise  on  Heat,  (79.)— (82.):  or  lb 
value  may  be  found  from  the  Table  V.,  Appcinfii'to 
the  same  Treatise. 

(96.)   In  these  calculations  wb  fie^ently  nain  ^ 
the  specific  gravity  of  vapours,  especially  that  oftts  ^ 
vapour  of  water  at  different  temperatures.     Now,  as  ^ 
far  as  we  at  present  know,  the  specific  gravity  ef 
vapour  in  contact  with  the  fluid  from  which  itis  fcmed 
varies  directly  as  the  elastic  force  of  that  vapour.  HiAfi 
Encydopcedia  MdropoUtana,  (77.) 


,.V,. 


Hence 


/tis 


where  S«  and  Snt  represent  the  specific  gpravities  it 
n®  Fahrenheit  and  212*  Fahrenheit  respectively,  )^  aad 


Jti,  the  elastic  forces  due  to  the  tempera tiires ;  which  may 
|bc  found  from  the  Table  V.,  Heat,  Encydop^dia  Me- 
%royoliiana^  Appencitx :  and  S„»,  from  Gay  Lua sac's 
€xperiinentsj  ^  ,G2 ; 


30 


m. 


(97.)  Should  the  case  occur  of  g^as  confined  in 
vessels  standing'  over  other  liquids,  the  same  fomiula 
would  serve,  varying  only  the  expressions  of  Art*  (79.), 
which  depends  upon  the  specific  g-ravity  of  the  liquid ; 
id  of  Art  (94>),  whici*  depend.^  upon  the  specific 
Ifravity  of  the  vapour  of  the  hquid,  at  the  temperature  of 
Iny  experiment. 

|k  Mixtd  and  Moist  GoMen, 

I  (98,)  And  it  is  obvious  that  calculation?*  on  mixed 
biases  are  easily  made  on  the  principles  already  laid 
tfown  ;  remembering'  that  they  difTer  in  specific  gravity, 
|)ut  lill  undergo  equal  expansions  or  contractions  by 
JCqual  changes  of  temperature^  or  by  equal  variations  of 
|iressure, 

^  On  taking  the  Specijic  Gmvify  of  Gaut, 

(99.)  Being  now  competent  to  introduce  the  neces- 
sary corrections,  we  may  proceed  to  the  practical  pro- 
cesses for  ascertaining  the  specific  gravity  of  gases.  For 
^18  purpose  we  require  a  good  air-pump  ;  a  large  flask 
with  a  stop-cock;  and  an  air-jar  graduated  into  cubic 
Inches  and  provided  also  vi'ith  a  atop- cock. 

To  obtain  then  the  weight  of  a  known  volume  of  any 
^asj  the  flask  is  to  be  exhausted,  then  most  accurately 
weighed,  then  filled  with  the  gas  by  screwing  it  to  the 
ptop-cock  of  the  air  jar  containing  the  gas:  the  weight 
Is  to  be  then  again  taken,  and  it  is  evident  that  the 
Increase  of  weight  is  the  weight  due  to  tire  number  of 
Cubic  inches  that  have  entered  the  flask,  as  shown  by 
the  air-jar. 

The  specific  gravity  of  dry  atmospheric  lUr  is  always 
inade  unity,  and  the  weight  of  one  cubic  inch  of  dry 
iltmospheric  air  is  .305  grains  Troy  at  Barometer  30, 
Thermometer  60°  Fahrenheit 

Therefore  at  any  pressure  p  and  any  temperature 
#*  Fahrenheit,  let  V  cubic  inches  of  a  dry  or  moist  gas 
weigh  W  grains  ;  and  let  a  be  the  weight  of  a  cubic 
finch  of  dry  atmospheric  air  at  the  pressure  p  and  tem- 

rature  t^  Fahrenheit :  so  that  the  weight  of  a  volume 

of  dry  common  air  atp  and  i  would  be  sr  a  V,  then 

W 
(the  specific  gravity  of  the  gas  dry  or  moist)  =  — , 

from  hence,  if  moist  the  specific  gravity  of  the  same 
when  dry  may  be  found  from  Art.  (94.) 
(100.)  Professor  Thomson  has  proposed  and  em- 
ployed a  method  still  more  simple  for  taking  the  specific 
jravity  of  gases,  with  this  advantage,  that  it  is  more 
independent  of  a  very  accurate  exhaustion  of  the  flask. 
Let  W,  \V\  and  W,  be  the  weights  of  the  flask 
liefore  exhaustion,  af\er  exhaustion,  and  when  filled 
■with  the  gas  respectively. 

Then  W  —  W  is  the  weight  of  the  atmospheric  air 

"^removed  from  the  flask  :  and  W"  —  W  is  the  weight  of 

*"^e  gas  admitted  ;  and  since  the  volumes  are  in  both 

ises  the  same,  the  specific  gravities  are  as  the  weights 

irectly. 


I  S  T  R  Y.  US; 

W'^  —  W         Part  ll» 
Hence  S  (the  specific  gravity  ofthe  gas)  =  — -— ,    ^^^^^^ 

which  gives  the  specific  gravity  of  the  gas  dry  or  moist, 
aj3  it  may  happen  to  be,  and  is  so  far  independent  of  the 
atmospheric  pressure  and  temperature. 

Specific  Chramiy  of  Vapaurs, 

(101.)  By  far  the  best  method  for  ascertaining  the  Specific 
specific  gravity  of  vapours  is  that  contrived  by  M,  Gay  gravity  of 
Lussac,  and  well  described  in  Biot*s  Physique,  vol  i.  ^^P****'"-'*- 
p.  291.     The  principle  employed  is  that  of  ascertaining 
the  relative  volumes  of  a  body  in  the  liquid  state,  and  of 
the  same  body  when  converted  into  vapour  at  a  known 
temperature.     We  fear  that  it  would  occupy  too  much 
space,  or  the  process  is  well  worthy  of  insertion  in  this 
place, 

PotJDer  of  Conducting  HeaL 

(102.)  A  heated  body,  if  placed  under  similar  cir-  Variable 
cumstances,  will  cool  with  different  velocities  in  dif-  po^««"  uf 
ferent  gases.  We  are  of  opinion  that  this  can  scarcely  ^°JJJ  ^^  *"^ 
be  said  to  depend  solely  upon  a  difference  in  the  con- 
ducting power  of  these  bodies ;  in  some  degree  this 
may  be  the  case,  but  probably  the  effect  produced  de* 
pends  chiefly  upon  the  motion  of  the  gaseous  molecules 
by  which  currents  are  produced,  and  thus  the  heat  is 
succeasively  carried  off  rather  than  truly  conducted. 
These  views  are  favoured  by  the  circumstance  that  the 
powers  of  difl^rent  gases  in  favouring  the  escape  of 
caloric  from  a  heated  body,  seem  to  be  in  some  inverse 
ratio  of  their  density.  It  was  found  by  Dulong  and 
Petit  that  the  nature  of  the  surface  of  the  heated  body 
did  not  affect  the  results;  but  it  has  been  shown  by 
Count  Rumford's  experiments,  that  moisture  in  all 
gases  materially  aids  their  power  to  abstract  caloric 
from  the  heated  body* 

This  Bubjecthas  engaged  the  attention  of  Mr.  Dalton 
and  Sir  H .  bavy ;  the  latter  suffered  tlie  bulb  of  a  Ther- 
mometer, which  had  been  heated  to  160^  Fahrenheit, 
to  cool  in  21  cubic  inches  of  each  gas^  at  temperature 
52*^  Fahrenheit. 

The  thermometer  cooled  down  to  106**  Fahrenheit 
in  the  different  gases,  in  the  following  times : 

Atmospheric  air 2      0 

Hydrogen ,....,.. 0     45 

Olefiantgas 1     15 

Coal  gas 0     55 

A^ote  , 1     30 

Oxygen 1     47 

Nitrous  oxide 2    30 

Carbonic  acid.  ...........  2     45 

Chlorine 3       6 

(103.)  The  different  gases  possess  different  powers  Power  of 
in  the  propagation  of  sound  ;   but  this  subject  forms  prorlucing' 
rather  a  part  ofthe  Science  of  Acouslics.     f^id.  Kirby,  ''^^"^■ 
Merrick,  and  Leslie^s  experiments,  in  Nich.  Jour,  xxvii* 
and  xxxiii. ;    Phil  Mag.  xlv. ;   Trans,  Camh,  PhiL  Soc^ 
vol.  i. 

(104.)  It  has  been  already  stated  (66)  and  (72.)  thai 
certain  Solids  and  Liquids  absorb  Gases.  On  this  sub- 
ject we  cannot  do  better  than  offer  the  following  excel- 
lent statement  by  Dr,  Henry. 

**  All  solid  bodies,  that  possess  a  certain  degree  of  ^(»h«l^> 
porosity,  nre  capable  of  absorbing  gases. 
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Chemistry.  **  This  was  first  observed  in  charcoal.  It  has  been 
^— \*^"  fbund  also  by  Saussure,  jun.  to  belong  to  a  stone  called 
meer-schaum,  to  adhesive  slate,  asbestos,  rock  cork, 
and  other  minerals ;  and  to  raw  silk  and  wool.  The 
following  general  principles  are  deducible  from  the 
experiments  of  Saussure.  (A.) 

1. "  It  is  necessary  to  deprive  the  solid  of  the  air 
which  it  naturally  contains.  When  of  a  nature  not  to 
be  injured  by  heat,  this  is  most  effectually  done  by  ig- 
niting the  solid,  and  quenching  it  under  mercury,  where 
it  is  to  be  kept,  till  admitted  to  a  given  volume  of  the 
gas  to  be  absorbed.  Solids  that  are  decomposable  by 
heat,  may  be  deprived,  though  less  effectually,  of  air,  by 
placing  them  under  a  receiver,  which  must  then  be 
exhausted  by  the  air-pump. 

2.  "  The  same  solid  absorbs  different  quantities  of 
different  gases.  Charcoal,  for  instance,  condenses  90 
times  its  bulk  of  ammoniacal  gas,  and  not  twice  its  bulk 
of  hydrogen. 

3.  '*  Solids,  chemically  the  same,  absorb  different 
quantities  of  the  same  gas,  according  to  their  state  of 
mechanical  aggregation.  Thus  the  dense  charcoal  of 
box-wood  absorbed  7^  volumes  of  air,  while  a  light 
charcoal,  prepared  from  cork,  did  not  absorb  a  sensible 
quantity. 

4.  *'  Different  solids  absorb  different  quantities  of  the 
same  gas ;  the  quantity  of  carbonic  acid  absorbed  by 
charcoal  being  about  seven  times  greater  than  that 
absorbed  by  meer-schaum. 

5.  '*  When  the  solid  exerts  no  chemical  action  on 
the  gas,  the  absorption  is  terminated  in  24  or  36  hours. 

6.  "  The  effect  of  moistening  the  solid  is  to  retard 
the  absorption,  and  to  diminish  its  amount ;  and  when 
a  gas  has  actually  been  absorbed,  it  is  again  driven 
but  unchanged,  partly  by  water  of  the  ordinary  tem* 
perature,  and  entirely  by  exposure  to  a  boiling  heat. 

7.  **  During  the  absorption  of  a  gas  by  a  solid,  the 
temperature  of  the  latter  rises  several  degrees,  and 
bears  a  proportion  to  the  absorbability  of  the  gas^  and 
the  rapidity  with  which  it  is  condensed. 

8.  '*  Solids  condense  a  greater  number  of  volumes 
of  the  more  absorbable  gases,  under  a  rare  than  under 
a  dense  atmosphere ;  but  if  the  absorption  be  reck- 
oned by  weight,  it  is  most  considerable  under  the  latter 
state. 

9.  **  When  a  solid,  saturated  with  any  one  gas,  is 
introduced  into  an  atmosphere  of  any  other  gas,  a  por- 
tion of  the  first  is  expelled,  and  a  part  of  the  second 
takes  its  place. 

*•  Gases  are  absorbed  by  liquids." 

On  this  subject  the  following  general  principles  may 
be  laid  down. 
Liquid*.  ^'  **  The  same  liquid  absorbs  different  quantities  of 

different  gases.  Thus  water  takes  up  its  own  bulk  of 
carbonic  acid,  and  not  one-fiflieth  of  its  bulk  of  hydro- 
gen gas. 

2.  "  Different  liquids  absorb  different  quantities  of 
the  same  gas.  Alcohol,  for  instance,  absorbs  almost 
twice  as  much  carbonic  acid  as  is  taken  up  by  an  equal 
volume  of  water. 

3.  **  The  absorption  is  promoted  by  first  freeing  the 
liquid  from  air,  either  by  long-continued  boiling  in  a 
vessel  with  a  narrow  neck,  or  by  the  air-pump.  It  re- 
quires also  brisk  and  long-continued  agitation,  espe- 
cially with  the  less  absorbable  gases. 

4*  '*  It  does  not  appear  that  the  gases  are  absorbed 
by  all  liquids  in  t^e  same  order.    For  example,  of 


four  gases,  naphtha  absorbs  most  olefiant  gas  $  oil  of 
lavender  most  nitrous  oxide ;  olive  oil  most  caibonic 
acid ;  and  solution  of  muriate  of  potash  most  caiboBie 
oxide. 

5.  "  The  viscidity  of  liquids,  though  it  does  not  moch 
influence  the  amount  absorbed,  occasions  a  longer  tisB^ 
to  be  spent  in  effecting  the  absorption*  On  the  oCb^ 
hand,  the  amount  of  any  gas  which  is  absorbed  1^ 
water,  is  diminished  by  first  dissolving  in  the  water  ac^ 
saline  substance. 

6.  *'  In  general  the  lightest  liquids  possess  the  gte^ 
est  power  of  absorbing  gases ;  whereasy  when  them 
no  evident  Chemical  action,  the  heaviest  gases  ^J 
absorbed  most  copiously,  and  rapidly,  by  the  s^^^, 
liquid. 

7.  '*  The  temperature  of  a  liquid  is  raised  If  ^ 
absorption  of  a  gas,  in  proportion  to  the  amount  a^f/ 
the  rapidity  of  the  absorption. 

8.  *'  In  all  liquids  the  quantity  of  gases  absorM 
are  directly  as  the  pressure.  For  example,  a  tfidd 
which  absorbs  its  own  bulk  of  gas  under  the  pmm 
of  the  atmosphere,  will  still  abtorb  its  own  tralk  of  Ai 
same  gas  under  double,  triple,  &c.  pressure ;  but  ill 
own  bulk  of  gas,  twice  compressed,  is  equal  to  doobk 
its  bulk  of  gas  ordinarily  compressed,  and  so  oa  Hi 
proofs  of  this  law  I  have  given  at  length  in  the  PUtr 
iophical  TranMoctions  for  1803. 

9.  **  When  water,  or,  probably,  any  other  Hqaii.ii 
agitated  with  a  limited  quantity  of  any  mixtoreef.^ 
gases,  it  does  not  absorb  one  gas  to  the  exdnsioi  if 
the  other,  but  absorbs  a  portion  of  both.  In  this  CMf^ 
the  density  of  each  gas,  in  the  water  or  liquid, hut 
constant  relation  to  that  without,  for  the  name  |K 
Thus  in  carbonic  acid  gas,  the  density  is  the  samcml 
and  without  the  water ;  in  olefiant  gas  and  phoiipk^ 
retted  hydrogen,  the  density  within  is  I -27th  of  til 
without ;  in  azote  and  hydrogen,  it  is  about  l-5(ilk^ 
according  to  Dalton,  though  he  originally  stated  it  ti 
be  l-64tb,  under  the  impression  that  the  distamif  | 
the  particles  within  were  always  some  multiple  of  Ami 
without.  This  concise  enunciation  of  the  general  mf% 
deduced  by  Mr.  Dalton  from  his  experimental  inqyiii^ 
will  be  better  understood  by  the  illustrations  commI 

in  a  Paper  published  in  the  Annals  of  PhUommkji^^ 
vii.  p.  2 16, where  the  reader  will  find  a  formula  m  9am^ 
taining  the  quantities  of  mixed  gases  absorbed  If 
water. 

**  The  principle  on  which  gases  are  absorbed  and  it* 
tained  by  liquids  is  still  a  subject  of  controversy,  '^jf 
Berthollet,  Thomson,  Saussure,  and  the  generaKty  of 
Chemists,  it  is  ascribed,  in  all  cases,  to  the  exertioa  sf 
a  Chemical  affinity  between  the  gas  and  the  liquid ;  bsl 
it  is  contended  by  Mr.  Dalton  and  myself,  that  tJNi 
effect  in  most  cases  is  chiefly,  if  not  wholly,  necfaanieiL 
The  discussion  would  lead  me  into  details  of  too  mit 
a  length  ;  and  I  refer,  therefore,  for  a  statement  of  ttii 
argument,  to  two  Papers  which  I  have  published  iathi 
eighth  and  ninth  volume  of  Nicholson's  Joumids  ^ 
Mr.  Dalton*s  2Viftr  System  of  Chemical  PhUomipkff ;  ssd 
to  his  Essay  in  the  seventh  volume  of  Dr.  Thonuoa'i 
AnnaU,  which  contains  a  reply  to  the  objections  sd* 
vanced  against  the  mechanical  theory  by  Sanssare»  li 
the  sixth  volume  of  the  same  work.  This  reply  ocnni 
to  have  unaccountably  escaped  the  notice  of  seveiil 
writers,  who  continue  to  urge  the  objections  of  Sana* 
sure,  afler  they  have  been  fully  and  satisfactorily  aa» 
swered  by  Mr.  Dalton."  (i,) 
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05,)  It  it  obvious  that  no  Chei^ical  classification 
be  out  of  the  state  of  aargrearnliori  m  which  bodies 
IptbisBtale  beinf^  entirely  depemleut  upon  Pressure 
femperature.  In  tlie  iisunl  condition  of  tilings  ut 
urface  of  this  Earth  we  are  at  present  acquainted 
four  simple  €ia.ses,  and  about  seventeen  compound 
Most  of  the  liquid  substances  which  bear  the 
>  of  proximate  elements,  are  combinations  of  those 
?nts  with  water,  but  with  some,  such  as  the  oifa* 
presence  of  water  is  incompatible*  There  arc 
;  forty-six  ultimate  elements  in  the  solid  slate, 
1  much  more  considerable  number  of  proximate 
^brmed  by  the  combinations  of  these  with  each 
kr  with  the  Gases,  The  simple  elementary 
Slices  amount  at  present  to  fifty-three,  as  enu- 
ted  in  Art  (4,) 

^         General  Chemical  Properties. 

)6.)  We  now  advance  towards  those   properties 

I  are  more  strictly  Chemical — the  primary  object 
s  Treatise. 

wn  these  properties  numerous  classifications  have 
founded,  and  although  in  part  abandoned  at  the 
nt  time  in  fawnr  of  other  teriup  more  rigidly 
ikal,  yet  we  so  frequently  use  the  words  Airs, 
18,  Metals,  Alkalis,  Acids,  &c.,  that  it  will  be  proper 
y  to  enumerate  the  leading^  characteristics  of  these 
ss  of  substances. 

e  word  Air  is  sometimes  employed  to  designate 
e  permanently  elastic  fluids,  and  in  this  sense  it  is 
iymous  with  the  word  Gas  ;  but  it  is  more  com- 
f  restricted  to  the  atmospheric  air,  a  mixture 
Ipaby  of  two  Gases,  in  which  we  live  and  breathe. 
Physical  properties  of  the  Gases  have  been  already 
ted  to»  and  their  Chemical  ones  will  form  a  part 
r  future  researches,  as  upon  these  their  distinctive 
cteri sties  depend. 

e  term  Earths  is  still  applied  to  one  class  of  sub* 
ts,  though  rather  loosely,  for  it  has  been  found 
n  all  g^eneral  Chemical  properties  the  Earths  and 
letallic  oxides  are  identical ;  in  fact,  the  Earths 

II  oxides,  and  nearly  all  of  them  have  Metallic 
W  As  an  illustration  of  iht\  characteristics  of  this 
If  bodies  we  give  the  following^  definition  from  a 

but  early  Chemical  author,  who  says,  **  Earths 
ssipid  ;  soluble,  but  in  very  small  proportion,  in 
water  or  oil;  not  inflammable,  not  ductile;  not 
e  per  se.**  By  insipid  we  are  to  understand  not 
nor  alkaline.  And  the  powers  of  the  Voltaic  pile 
he  Gas  blowpipe  have  shown  that  they  are  fusible 
,  When  in  the  language  of  modern  Chemistry 
ord  Earth  occurs,  we  must  understand  by  it  some 
f  the  following  oxides  : — Silica,  Zirconia,  Yttria, 
na,  Thorina,  Ahimina>  Magnesia,  Lime,  Stroutia, 
nyta.  Where  the  Alkaline  Earths  arc  spoken  of, 
Iphe  three  last  enumerated  that  the  term  applies, 
■ietals  are  distinctively  recognised  to  be  such  by 
physical  properties,  and  not  by  their  Chemical 
^Of  these  the  two  that  are  considered  essential, 
lat  they  conduct  Electricity,  and  that  they  possess 

degree  of  lustre.  They  are  all  capable  of  com- 
1^  with  Oxygen,  though  with  very  ditferent  degrees 
!ility.     The  Metals  at  present  known  amount  to 

bstances  of  another  sort  are  called  the  Alkalis, 
tmarked  though  not  a  numerous  class  of  Bodies. 


The  term  Alkali  is  derived  from  the  Arabic  n^me  of  ^"^  ^'• 
the  plant  (iSahola  Kali),  from  which  one  of  these  sub-  '^^■y^** 
stances  has  long  been  extracted.  The  general  pro* 
perties  of  the  Alkalis,  especially  as  developed  in  Ihe 
stronger  ones,  are  as  follows : — They  change  blue 
vegetable  colours  to  green  ;  and  if  such  colours  have 
been  changed  to  purple  or  to  a  more  vivid  red  by  acids, 
they  destroy  that  sort  of  actio n,  and  when  used  in 
sufficient  quantity  turn  them  absolutely  to  green.  The 
same  powers  they  possess  even  when  saturated  with 
Carbonic  Acid — a  property  which  the  Alkaline  Earths 
are  without.  Their  taste  is  acrid,  possibly  in  great 
degree  arising  from  their  power  of  dissolving  all  animal 
matter  with  an  energy  proportionate  to  their  state  of 
concentration.  They  readily  combine  with  oils  or  fatty 
matters,  so  as  to  form  soaps.  Their  carbonates  are 
Boluble  in  water,  but  the  carbonates  of  the  Alkaline 
Earths  are  not  so.  Three  of  the  Alkalis  consist  of 
Metallic  Bases,  united  with  Oxygen:  viz.  Potassa^ 
Soda,  and  Lithia.  One,  viz.  Ammonia,  consists  of 
two  Gases,  Hydrogen  and  Nitrogen  ;  and  the  vegetable 
Alkalis,  which  are  rather  numerous,  consist  of  various 
combinations  of  Oxygen,  Hydrogen,  and  Carbon. 

The  term  Acid  is  in  familiar  use,  and  is  generally  ^^i^ 
understood  by  all :  its  Chemical  sense  accords  with,  or 
is  in  fact  adopted  from  ordinary  language.  Acids  are 
substances  liaving  a  sour  taste ;  they  are  frequently 
highly  corrosive  of  animal  and  vegetable  bodies,  and 
they  change  purple  vegetable  colours  to  a  brighter  red. 
Their  most  distinctive  Chemical  property  is  that  they 
unite  with  other  substances  called  bases,  such  as  the 
Alkalis,  the  Earths,  and  Metallic  oxides,  and  form  a  new 
class  of  bodies  called  Salts,  in  which  the  antagonist 
properties  of  both  Acid  and  base  undergo  great  modifi- 
cations, or  are  absolutely  annihilated. 

We  are  in  the  habit  of  saying  that  one  Acid  is 
stronger  than  another,  but  the  measure  of  the  strength 
of  the  Acids  respectively  »s  not  without  some  uncertainty. 
Various  propositions  have  been  made  as  to  the  scale  to 
be  adopted  for  this  purpose,  but  none  of  these  are 
quite  free  from  objections.  That  which  is  most  em- 
ployed was  proposed  by  Berthollet,  and  is  taken  from 
the  relative  quantities  of  diflerent  Acids  required  to 
saturate  a  given  quantity  of  some  base,  but  the  plan  is 
not  free  from  objections. 

The  theory  of  Acidification,  that  is  the  effective  cause 
producing  acid  properties,  has  engaged  the  attention  of 
several  Chemists ;  but  as  at  this  time  there  cannot  be 
said  to  be  any  prevailing  belief  on  the  subject,  we 
content  ourselves  with  pointing  out,  by  a  reference» 
where  the  student  may  find  any  information  that  he 
may  require  on  this  subject,  (k.) 

(107.)  The  Etymology  of  the  word  Oxygen  per- 
petuates the  memory  of  a  belief  that  once  existed  of 
that  substance  forming  the  element  essential  to  the 
developement  of  acid  properties.  This  was,  however, 
an  error,  as  it  will  be  seen  from  the  following  lists  that 
the  presence  of  Oxygen  is  not  necessary  to  the  forma- 
tion of  an  Acid ;  and  also  that  Hydrogen,  which  is  in 
many  cases  the  antagonist  of  Oxygen,  is  capable  of 
becoming  the  acidifying  principle:  while  in  some  Acids 
neither  the  one  nor  the  other  exists. 

Class  1.  Acids  with  Oxygen,  and  a  nonmetallic  ra- 
dical ; 

1.  Chloric.  2.  Oxiodic.  3,  Bromic,  4,  Carbonic* 
b,  Boracic.  6.  Phosphorous.  7,  Phosphoric*  8.  Hy- 
posulphurous.     9,    Sidphurous,  .  10.    Hypos ulphuric. 
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CbtmUtry.  11.  Sulphuric.     12.  Selexiic.     13.  Nitrons.    14.  Niirie. 
y^m^^^  15.  Cyanic  ? 

CloM  2.  Acids  with  Oxyf^n  and  a  metallic  radical. 

1.  Arsenious.  2.  Arsenic.  3.  Molybdous.  4.  Mo- 
lybdic.  5.  Chromic.  6.  Tongstic.  7.  Columbic.  8. 
Antimonious.     9.  Antimonic.     10.  Titanic. 

Ciass  3.  Adds  without  Oxy^n,  but  with  Hydrogen. 

1.  Hydro-chloric.  2,  Hydro-fluoric.  3.  Hydriodic. 
4.  Hydro-bromic.  5w  Hydro-sulphuric.  6.  Hydro- 
selenic,  with  one  or  two  others  of  more  doubtfiil  con* 
■titution. 

Clan  4.  Acids  without  Oxy^n  or  Hydrogen. 

1.  Boro-fluoric.     2.  Silico-fluoric.    3.Chloriodic. 

Ckm  5.  Organic  Acids  of  animal  and  vegetable 
origin.  Of  these  there  are  about  sixty,  which  we  shall 
have  occasion  to  enumerate  hereafter. 

From  divisions  like  these  no  Chemical  classification 
lean  well  arise ;  though  it  is  convenient  that  they  be  re- 
membered, for  the  sake  of  obtaining  general  views  of 
groups  of  substances  hairing  numerous  properties  in 
common. 

(108.)  There  are  also  of  another  sort,  two  well- 
marked  classes  into  which  all  substances  are  frequently 
divided.  These  are  Inorganic  and  Organic.  By  the 
former  we  understand  all  such  substances,  whether 
simple  or  compound,  as  seem  not  to  be  capable  of 
forming,  the  chief  constituents  of  bodies  endowed  with 
the  functions  of  animal  or  vegetable  life ;  although  in 
such  bodies  they  frequently  exist  as  ultimate  elements. 
Id  this  division  are  comprehended  the  Metals,  Earths, 
fixed  Alkalis,  the  stronger  Acids,  and  what  were  formerly 
called  the  simple  non^metallic  dements* 

On  the  other  hand,  that  which  is  called  the  Che- 
mistry of  Organic  bodies,  induces  an  examination  of 
the  various  substances  which  form  the  existent  ele- 
ments, or  the  educts  and  products  of  animal  and  vege- 
table Organisation.  This  braiidi  of  our  Science 
chiefly  refers  to  proximate  elements,  of  which  the  num- 
ber is  very  considerable.  The  properties  of  these 
bodies  are  well  and  distinctively  marked;  tliough  in 
numerous  cases  the  ultimate  elements  into  which  they 
may  be  resolved  are  precisely  the  same.  Thus  the 
Vegetable  Acids  and  Alkalis  may  all  be  resolved  into 
Oxygen,  Hydrogfen,  and  Carbon;  and  it  is  the  various 
proportions  in  which  these  elements  exist  in  the  different 
sul»tances  which  form  the  sole  disUnetion  discoverable 
upon  their  ultimate  analysis. 

(109.)  We  now  proceed  to  the  nomenclature  of 
Chemical  Compounds,  and  to  the  laws  which  regulate 
them,  viz,  the  doctrines  of  Affiniiy,  Definite  Proporiion^ 
and  the  Theory  ofAtonu.  Afler  a  careful  examination 
of  the  systematic  Treatises  of  our  own  and  other  Coun- 
tries, and  even  after  having  prepared  the  greater  part  of 
what  we  deemed  it  advisable  to  insert  upon  the  subject, 
we  have  not  hesitated  to  reject  it,  in  fevour  of  the  Essay 
of  a  contemporary  writer.  In  the  main,  we  consider 
Dr.  Tumer^s  analysis  of  this  part  of  our  subject  as  the 
most  clear  that  can  be  presoited  in  the  present  state  of 
our  knowledge.  Wc,  therefore,  shall  make  a  consider- 
able abstract  from  his  Elements  of  Chemistry ^  taking 
only  the  liberty  of  making  some  slight  alterations  or 
additions  which  appear  to  us,  or  which  have  been 
pointed  out  by  his  reviewers,  to  be  necessary.  In  some 
degree  we  shall  also  have  to  bring  forward  and  discuss 
Profoesor  Thomson's  additions  to  our  nomenclature, 
as  developed  and  employed  in  his  valuable  Work  on  the 
Pint  or  Fundamental  Princ^^  of  Chemistry. 


Nomen- 
rlature. 


(110.)  **  Chemistry  is  indebted  for  its  nomendatav 
to  the  labours  of  four  celebrated  Chemistn,  Lisvoisicr, 
Berthollet,  Guyton  Morveau,  and  Fourcray.  Th«  pn^ 
ciples  which  guided  them  in  its  construction  i 
ingly  simple  and  ingenions.  The  known  ek 
substances,  and  the  more  familiar  compound  ooes^ } 
allowed  to  retain  the  appellations  which  general 
had  assigned  to  them.  The  newly  discovered  <  ~ 
were  named  from  some  striking  property.  Tkin^  wa  ii 
was  supposed  that  acidity  was  always  owinfr  to  A^ 
presence  of  the  vital  air  discovered  by  Pricstleyrta^ 
Scheele,  they  gave  it  the  name  of  Oxygen,  denned  fiv^ 
two  Greek  words  signifying  generator  of  Add ;  andlli^ 
called  inflammable  air  Hydrogen,  from  the  ckcimistH^ 
of  its  entering  into  the  composition  of  water." 

*'  Compounds  in  which  Oxygen  forms  a  part  li^^ 
called  Acids  or  Oxides,  according  as  they  do  or  do  ^^ 
possess  acidity.     An  oxide  of  iron  or  copper  signifi^^ 
combination  of  those  me(als  with  Oxygen,  which   |jJ 
no  acid  properties.    The  name  cff  an  Acid  was  dcflj^ 
from  the  substance  acidified  by  the  Oxygen,  to  wfcj^ 
was  added  the  termination  ic.     Thus  SulpliBrte  m 
Carbontc  Acids  signify  acid  compounds  of  Sulphur  iatf 
Carbon  with  Oxygen  Gas.     If  sulphur  or  any  9tbst 
body  should  form  two  Acids,  thsr^  which  contains  Iki 
least  quantity  of  Oxygen  is  made  to  terminate  in  ms^ 
as  Sulphurouff  Acid.    The  termination  uret  was  intoM 
to  denote  combinations  of  the  simple  non-metallic  >^ 
stances  either  with  one  another,  with  a  metal,  or  ivitt  i 
metallic  oxide."    This  plan  is  still  adhered  to  in  ¥m» 
in  the  words  Chloruret,  loduret,  &c.  but  m  our  en 
Country  the  analogy  of  tlie  word  oxide  has  beenfblloiii 
in  the  case  of  the  five  electro-negative  bodies ;  thai  in 
say  chloride,   iodide,  fluoride,  &c.     ^  SnlphtirBl  «i 
carburet  of  iron,  for  example,  signify  compomA  d 
sulphur  or  carbon  with  iron.     The  different  oxifkstf 
sulphurets  of  the  same  substance  were  distingviebrf 
from  one  another  by  some  epithet,  which  was  coa* 
monly  derived  from  the  colour  of  the  compound,  sudi 
as  the  black  and  red  oxides  of  iron,  the  black  siaini 
sulphurets  of  mercury.     Though  this  practice  is  fA 
continued  occasionally,  it  is  now  more  customtiy  ti 
distinguish  degrees  of  oxidation  by  the  use  of  dsrif^ 
tives  from  the  Greek.      Pfotoxide  signifies  the  M 
degree  of  oxidaticm,   Devtoxide  the  second,  TrttODiii 
the  third,  and  Peroxide  the  highest"     The  last  tem  if 
rather  objectionable,  as  being  a  departure  froa  Ihi 
Greek  system  of  derivation,  and  as  it  is  liable  mbe 
changed  from  new  discoveries  in  the  extent  of 
tion.     "  The   sulphurets,  carburets,  &c.  of  the 
substance  are  designated  in  a  similar  way.     The  ( 
nation  of  Acids  with  Alkalis,  Earths,  or  Metallic  oxidHi 
were  termed  Salts,  the  names  of  which  were  so  emteiwJ 
as  to  indicate  the  substances  contained  in  them,    tf 
the  acidified  substance  contains  a  maximum  of  oxjfym 
the  name  of  the  Salt  terminates  in  a^  ;  if  a  minimmi^ 
the  termination  in  tfe  is  employed.    Thus  the  sulph«fi^ 
phosphate,  and  arsenia/e  of  potash,  are  Salts  of  nl« 
phuric,  phosphoric,  and  arsenic  Acids ;  while  the  tenv 
sulphite,  phosphite,  and  oxseuite  of  potash  denote  cobh 
binations  of  that  Alkali  with  the  sulphurous^  phoephi^ 
rous,  and  arsenious  Acids."    This  method,  however,  Ii 
found  insufficient  for  its  purpose,  as  it  only  provides  iff 
two  degrees  of  oxigenation  ;   hence  the  intermedBati 
terms  of  hypo  and  hyper  have  been  subsequently  is 
duced. 

"  The  advantage  of  a  nomenolature.  wkidi 
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ferent  parts  of  a  Science  in  so  systematic  an  order, 
lives  such  powerful  assistance  to  the  memory,  is 
lUable.  The  principle  has  been  acknowledged  in 
untries  where  Chemical  Science  is  cultivated,  and 
inotest  details  of  it  have  been  adopted  in  Britain. 
[St  l)e  admitted,  indeed^  that  some  parts  of  H  are 
hre.  The  erroneous  idea  of  oxygen  being  the 
il  Acidifying  principle  has  exercised  an  injurious 
Qce  over  the  whole  structure.  It  would  have  been 
nient  also  to  have  had  a  different  name  for  hydro- 
but  it  is  now  too  late  to  attempt  a  change,  for  the 
don  attending  such  an  innovation  would  more 
counterbalance  its  advantages.  The  original  no- 
latore  has  therefore  been  preserved,  and  such  addi- 
made  to  it  as  the  progress  of  the  Science  rendered 
sary.  The  most  essential  improvement  has  been 
stcd  by  the  discovery  of  the  laws  of  Chemical 
nation.  The  different  Salts  formed  of  the  same 
tuents  were  formerly  divided  into  neutral^  super^ 
ihsalta.  They  were  called  neutral,  if  the  Add  and 
\  are  in  the  proportion  for  neutral ijring  one  another ; 
saltc,  if  the  Acid  prevails ;  and  subsalts,  if  the 
is  in  excess.  The  name  is  now  regulated  by  the 
!  constitution  of  the  Salt.  If  it  be  a  compound 
i  atom  of  the  Acid  to  one  atom  of  the  Alkali,  the 
€  name  of  the  Salt  is  employed  without  any  other 
in;  bat  if  two  cxr  more  atoms  of  the  Acid  he 


attached  to  one  of  the  base,  or  two  or  more  atoms  of  the  Pkrt  IL 
base  to  one  of  the  Acid,  a  numeral  is  prefixed  to  as 
to  indicate  its  composition.  The  two  Salts  of  sulphuric 
Acid  and  potash  are  called  sulphate  and  bisulphaie ; 
Che  first  containing  one  atom  of  the  Acid  to  one  atom 
of  the  Alkali ;  and  the  latter  two  of  tlie  former  to  one 
of  the  latter.  The  three  Salts  of  oxalic  Acid  and  potash 
are  termed  the  oordate,  frtnoalate,  and  guoifr- oxalate  of 
potash ;  because  one  atom  of  the  Alkali  is  united  witk 
one  atom  of  Acid  in  the  first,  with  two  in  the  second, 
and  wRh  four  in  t^e  third  Salt  As  the  numerals  whick 
denote  the  atoms  of  the  Acid  in  a  super-salt  are  derived 
from  the  Latin  language.  Dr.  Thomson  proposes  to 
employ  the  Greek  numerals,  cftt,  Ms,  tetrakist  S^  to 
signify  the  atoms  of  Alkali  in  a  Bubsalt.** 

**  This  method  is  in  the  true  spirit  of  the  original 
firamers  of  our  nomenclature.  Chemists  have  already 
begun  to  apply  the  same  principle  to  other  compoundis 
besides  Salts ;  and  there  can  be  no  doubt  that  it  ivill  be 
applied  universally  whenever  our  knowledge  shall  be  in 
a  sute  to  admit  of  it."  (/.) 

(111.)  The  following paradigma  will,  perhaps,  render 
the  system  of  nomeoclatuve  more  intelligible  to  the 
Chemical  student.  ^ 

For  the  sake  of  brevity,  S.  M.  is  pot  for  sulphate  of 
mercury. 


II 

&c  =  Tetarto-tri  S.  li.  =  Tetarto-di  S.H.  =  Tetvto.  sq  S.  C.  s  Tetarto*bi  S.M.  r=  Tettrto-ter  S.  M.:=:  &c. 


\MMttnki  S.M.  =:  Trito-tri  S.  M.  ==  TVito^  S.M.z=  Trito-  ^  8.M.  slVito^  8.M.  ssl^AtiMcr  S.1Ls=l>it(HqQaler6.H. 


II 
«ln]d  S.  M.  =  Deuto4ri  S.  M.  =  Deuto-di  S.  V.  =  Deuto-  ^  S.  If.  :=  Dmto-bi  &  M.  s=  Deuto-ter  S.  IL  =  Oeuto-quttar  S.  U. 

I 

I 
11 

MMinki  S.  H.  ==  FioU>4n  S.  M.  s  IVotoHli  S.  H.  =  PiiMo- ^  S.U.  =  Preto*bi  S.  M.  =  Prato-t<r  S.  H.  =  ProU^ 

O 

I 

II 

:BiMitraki&]I.C!Soh-triS.lL=Sub«di6.M.  =  Sub-;^  6.  H.  i=  Siib4>i  8.  M.  s=  8iib4er  &  IL  s=  S«lH]Qiter  8.  M. 

I 
I 

til 

I  iRTOoeding  scheme  is  only  the  rigid  develops-     the  latrodiictioii  to  his  Fini  FrinqptUt  pfnbliahed  in 
cf -a  pUn  ipropofled  by  Pro&aaor  Thamaont  ^    1B0&. 
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Chemitlrj,  The  degrees  of  oxidatiou  are  marked  by  prefixes 
v-•'^/«-^  derived  from  the  Greek,  which,  to  be  consistent,  run 
Proto-,  Deiito-,  Trito-,  Tetarto-,  &c.  First,  Second, 
Hiird,  Fourth,  &c.  The  only  deviation  from  this  plan 
occurs  in  the  word  Sub,  which  should  have  been  drawn 
Graco  Fonte,  but  being  already  in  use,  any  alteration 
might  prove  inconvenient 

Upon  each  degree  of  oxidation  a  series  of  saline 
combinations  may  be  produced;   and  it  is  necessary 
that  words  should  be  found  to  express  atoms  of  Acid  or 
^  of  base  jo  many  times  taken.     Where  the  atom  of  base 

remains  unity,  and  the  atom  of  acid  is  once,  twice, 
thrice,  four  times,  &c.  taken  into  combination,  an  as- 
cending series  of  Latin  numerals  is  employed.  These 
obviously  must  be  Bis,  Ter,  Quater,  &c.  And  where, 
on  the  contrary,  the  atom  of  acid  remains  unity,  and 
the  atoms  of  base  multiply,  a  series  of  numerals  de- 
rived from  the  Greek  are  employed  upon  Dr.  Thom- 
son's plan.  These,  of  course,  must  be  from  the  words 
519,  rpU,  T€T^(9,  Ac.  as  in  the  paradigma. 

Hie  first  part,  therefore,  of  the  name  of  a  Salt  ao 
compounded  informs  us  in  what  state  of  oxidation  the 
metal  exists ;  the  second  part  gives  us  the  proportion 
between  the  number  of  atoms  of  Acid  and  of  base.  If 
this  second  part  be  of  Latin  derivation,  we  know  that 
our  compound  is  a  Svpersalt ;  if  of  Greek  derivation, 
we  learn  that  it  is  a  SubsaU, 

For  example,  Deuto-ter-sulphate  of  mercury  repre- 
sents a  Salt  having  for  its  base  the  oxide  composed  of 
2  atoms  of  oxygen  -f-  1  atom  of  mercury ;  and  con- 
taining 3  atoms  of  Acid  -|-  1  ittom  of  base.  But  by 
Deuto-tri'Sulphate  of  mercury  we  should  understand 
the  same  base  and  the  same  Acid  united  in  the  propor- 
tion of  1  atom  of  Acid  +  3  atoms  of  base. 

In  compounds  of  1  atom  of  Acid  -f  1  atom  of  base 
we  frequently  leave  out  the  prefix  Prot-,  in  common 
usage,  without  inconvenience  ;  but  in  those  cases  where 
numerous  combinations  exist,  it  is  necessary  always  to 
make  use  of  it;  otherwise  cases  like  this  might  occur, 
viz.  a  confusion  between  Trito-sulphate  of  mercury  and 
Tri-sulphate  of  mercury ;  which  only  become  sufficiently 
distinct  by  adhering  to  the  canon  of  nomenclature  that 
gives  Trito-mdphate  of  mercury  and  ProUhtri-sulphate 
of  mercury. 

The  definite  proportions  of  all  combinations  between 
simple  substances  are  expressed  by  Prot-,  Deut-,  Trit-, 
&c.  as  in  the  case  of  the  oxides.  Thus  we  say  Proto- 
chloride,  Deut-iodide,  Trito-sulphuret,  &c. 

Some  regard  must  be  had  to  euphony,  and  the  ordi- 
nary usages  of  compound  words  in  constructing  such 
names ;  thus  we  say  Proto-biwacetaie,  and  not  PrO' 
tO'bi'Ocetate ;  DeuUhtrit-oxalate^  and  not  Deuto-tri" 
oxalate, 

(112.)  There  are,  however,  several  metallic  oxides 
which  the  above  system  does  not  enable  us  clearly  to 
express.  Such  are  those  which  we  at  present  describe 
in  terms  of  half  atoms,  saying  that  there  are  1^  atoms 
of  oxygen  +  1  atom  of  base.  It  is  probable  that  future 
researches  will  dispel  this  apparent  anomaly,  but  for 
the  present  we  are  under  the  necessity  of  speaking  of 
such  combinations,  and  it  would  be  convenient  if  our 
nomenclature  could  truly  represent  them  to  the  mind. 
At  present  the  oxide  of  lead  containing  1  atom  of 
oxygen  +  1  atom  of  base  is  called  the  Protoxide ;  that 
containing  1,5  atom  of  oxygen  +  1  atom  of  base  is 
called  the  Dadoxide ;  and  that  containing  2  atoms  of 
oxygen  +  1  atom  of  base  is  called  the  Tritoxide.    But 


upon  the  common  principles  of '  our  mMDendntare, 
we  should  uuderstand  by  these  three  words,  three 
difierent  oxides,  contuning  1,  2,  and  S  atoms  of  oxygen 
respectively.  It' is  with  great  diffidence,  and  with  a  fall 
sense  of  the  evils  arising  from  any  change  made  npoii 
established  names,  that  we  venture  to  propose  a  plan  ta^ 
obviating  this  inconvenience.  To  obtain  our  end,  «^ 
must  borrow  a  custom  from  tlie  German  langniii^ 
Ask  a  German  what  o'clock  it  is,  and  be  will  an 
you  halb  skbent  for  half-past  six ;  and  as  we  must  1 
to  the  Greek  language  for  expressing  the  degrees^ 
oxidation,  we  might  use  the  prefix  hemit  (jqfuavt,  a  ka^ 
Thus  we  should  have  in  the  case  of  I^ead 

1  Oxygen  +  1  Metal  s=:  Pr6tox<de  of  Lead. 
\}l  ditto    -f-  1    ditto  =:  Hemi-deutoxide  of 

2  ditto    -f  1    ditto  s=  Deutoxide  of  Lead. 

In  the  case  of  Manganese 

1  Oxygen  4~  ^  Metal  =  Sub-oxide, 

1  ditto    +  1   ditto  =  Protoxide.  ^ 
1^  ditto    -f- 1   ditto   =  Hemideutoxide. 

2  ditto    -j-  1   ditto   =  Deutoxide. 

3  ditto    -f  ^   <^itto    =  Tritoxide. 

In  this  manner  we  could  express  any  known  conUiih 
tion,  so  that  the  name  should  fully  express  the  rehliii 
atomic  proportions  of  its  constituents.  We  wouM  iln 
adopt  the  practice  of  many  Chemists  in  banishing  far 
ever  the  prefix  Per,  which  has  been  used  to  expren  tk 
highest  degree  of  oxidation,  partly  because  it  is  a  Liiii 
word,  and  therefore  should  not  occur  in  the  Gredc  «• 
cending  series :  and  partly,  because  we  are  never  eertiii 
that  we  have  arrived  at  the  extreme  degree  of  oxidatin; 
and  are,  therefore,  liable  to  have  many  of  our  nauMfif 
Salts  overturned  by  the  discovery  of  a  new  degree  rf 
oxidation  beyond  the  one  with  which  we  were  prerkrarif 
acquainted. 

At  first  sight  this  system  of  nomenclature  may  appeir 
to  present  a  formidable  array  of  inharmonious  wori^ 
but  it  is  to  be  remembered  that  only  a  small  proportiai 
of  the  compounds  so  described  are  at  present  knomto 
exist ;  and  the  advantages  are  not  inconsiderable  ii  i 
system  which  provides  for  the  discovery  of  ilew  8db> 
stimces,  without  requiring  any  change  in  names  dui 
may  previously  exist ;  and  which  always  serves  u  It 
scheme  of  memoria  technica  for  tlie  atomic  constitutkmi 
of  the  bodies  named.     We  must  admit  that  the  pin 
now  proposed  may  be  liable  to  this  objection,  that  in  the 
strict  meaning  of  the  words,  Protoxide,  Deutoxide,  Ae., 
the  first,  second,  &c.,  oxides  are  expressed  ;  so  that  if 
what  we  call  a  Hemideutoxide  exists,  the  Deutoxide  ii 
not  the  second  but  the  third  oxide.     To  us  it  seems  dnk 
the  choice  lies  between  various  methods,  which  all  haie 
their  imperfections ;    but  that  the   advantage  of  that 
system  which,  together  with  the  name  of  the  oxide  or  Sel^ 
gives  us  its  atomic  constitution,  outweighs  all  other  cob- 
siderations.     It  is  also  a  serious  affair  to  change  teiBii 
which  usage  has  established,  but  the  plan  proposed  en 
scarcely  be  said  to  do  so. 

JJinity. 

(113.)  "All  Chemical    phenomena  are    owing  tD^) 
Affinity  or  Chemical  attraction.     It  is  the  basis  on  which 
the  Science  of  Chemistry  is  founded.     It  is  the  ruling 
power  with  reference  to  which  all  the  operations  of  (kt 
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ist  are  eonducled,  and  hence  it  forms  the  first  and 
gf  object  of  his  study. 

iHnity  is  exerted  between  the  minutest  particles  of 
nt  kinds  of  Matter^  caujting;  them  to  combine  so  as 
B  new  bodies,  endowed  with  new  properties.  It 
nly  at  insensible  distances  ;  in  other  words,  appa- 
)ntact,  or  the  closest  proximity,  in  necessary  to  its 
,  Every  thing  which  prevents  such  contiguity  is 
stacle  to  combination,  and  any  force  which  in- 
s  the    distance   between   particles  already  com- 

Icnds  to  separate  them  permanently  from  each 
In  the  first  case  ihcy  do  not  come  within  the 
:  of  their  mntua^  attraction  ;  in  tbesecom!  they  are 
ed  oat  of  it.  it  follows,  therefore,  that  though 
.yis  regarded  as  a  specific  power,  distinct  from  I  he 
forces  which  act  on  matter,  its  action  maybe  pro- 
,  modified,  or  counlcracted,  by  several  circum* 
s;  and,  consequently,  in  studying  t!ie  phenomena 
ced  by  Affinity,  it  h  necessary  to  begin  by  inquir- 
to  the  conditions  that  influence  its  operation, 
he  most  simple  instance  of  the  exercise  of  Chemical 
lion  is  alTorded  by  the  minture  of  two  substances 
►ne  anotlier.  Water  and  sulphuric  acid,  or  water 
cohol,  combine  readily.     On  the  contrary,  water 

little  disposition  to  unite  with  sulphuric  ether, 
till  less  with  oil ;  for,  however  intimately  their 
les  may  be  mixed  together,  they  are  no  sooner  left 
t,  than  the  ether  separates  almost  entirely  from 
iter,  and  a  total  separation  takes  place  between 
uid  and  the  oil.  Sugar  dissolves  very  sparingly 
oho!,  but  to  any  extent  in  water ;  while  camphor 
folved  in  very  small  quantity  by  water,  but  abun- 

by  alcohol  It  appears  from  these  examples, 
I^hemical  attraction  is  exerted  between  ditferent 
I  with  differLnt  degrees  of  force.  There  is  some- 
no  proof  of  its  existence  at  all ;  between  some 
inccs  it  acts  very  feebly,  and  between  others  with 
energy, 

imple  combination  of  two  principles  is  a  common 
•enee.  The  solution  of  Sails  in  water,  the  combus- 
f  phosphorus  in  oxygen  gas,  and  the  neutral iza- 
f  a  pure  Alkali   by  an  Acid,  are  instances  of  tlie 

The  phenomena  are,  however^  often  more  com- 

It  frequently  happens  thai  the  formation  of  a  new 
mnd  is  attended  by  the  destruction  of  an  existing 

The  only  condition  necessary  for  this  effect  is  ihe 
ice  of  some  third  body,  which  has  a  greater  Affi- 
)r  one  of  the  elemenls  of  a  compound,  than  they 
or  one  another.  Thus  oil  has  an  affinity  for  the 
le  Alkali  ammonia,  and  will  unite  with  it,  forming 
>y  substance  called  a  liniment  But  the  ammonia 
,  still  greater  attraction  for  sulphuric  Acid ;  and 
,  if  the  Acid  be  added  to  the  liniment,  the  Alkah 
nil  the  oil,  and  unite  by  preference  with  the  Acid, 
fiolnlion  of  camf^hor  in  alcohol  be  poured  into 
,  the  camphor  will  be  set  free,  because  the  alcohol 
ines  with  the  water.  Sulphuric  Acid,  in  like  man- 
eparates  baryta  from  Muriatic  Acid.  Combination 
ecomposilion  occur  in  each  of  these  eases  ;  combi'* 
1  of  the  Sulphuric  Acid  with  the  ammonia,  of  the 

wijh  the  alcohoL  and  of  the  baryta  with  the  sul- 
:  Acid ;  decomposition  of  the  compounds  formed 

oil  and  ammonia,  of  the  alcohol  and  camphor,  and 
a  Muriatic  Acid  and  baryta.  These  are  examples 
at  Bergman n  calls  single  electiTC  Alhnity ;  elective, 
se  a  Riibstance  manifests,  as  il  were,  a  choice  for 


f  two  others,  uniting  with  it  by  preference,  and  to 


the  exclusion  of  the  other.  Many  of  the  decompositions 
that  occur  in  Chemistry,  are  instances  of  single  elective 
Affinity* 

**  The  order  in  which  these  decompositions  take  place 
has  been  expressed  in  Tables;  of  which  tlie  following, 
drawn  up  by  GeoflVoy,  is  an  example: 

.Sulphuric  Acid, 

Baryta. 

Slrontia. 

Potash. 

Soda, 

Lime,  .jmJX 

Ammonia.  mSBik 

Magnesia. 

**  This  Tabic  signifies,  first,  that  Sulphuric  Acid  has  an 
Affinity  for  the  substances  placed  below  the  horizontal 
line,  and  can,  therefore,  unite  separately  with  each  of 
them  ;  and,  secondly,  that  the  base  of  the  Salts  so  formed 
will  be  separated  from  the  Acid  by  adding  any  of  the 
Alkalis  or  Earths  which  stand  above  il  in  the  cohinin 
Thus  ammonia  will  separate  magnesia,  lime  ammonia, 
atid  potash  lime;  but  none  of  them  can  withdraw  baryta 
from  Sulphuric  Acid,  nor  can  ammonia  or  magnesia  de» 
compose  the  sulphate  of  lime,  though  strontia  or  baryta 
will  do  it.  Bergmann  conceived  that  these  decomposi- 
tions were  solely  determined  by  Chemical  attraction, 
and  that,  consequently,  Uie  order  of  decomposition  repre- 
sented the  comparative  forces  of  Affinity :  and  this  view, 
from  tlie  simple  and  natural  explanation  it  afliirded  of 
the  phenomenon,  was  for  a  time  very  generally  adopted. 
But  Bergmann  was  in  error.  It  does  not  necessarily 
follow,  because  Hme  can  separate  ammonia  from  SuU 
phuric  Acid,  that  the  lime  has  a  greater  attraction  for  the 
Acid  than  the  volatile  Alkali.  Other  causes  are  in  opera- 
lion  which  modify  the  action  of  Affmitv  to  such  a  degree, 
that  it  is  impossible  to  discover  how  much  of  the  etfect 
is  owing  to  that  power  It  is  conceivable  that  the  am- 
monia may  in  reality  have  a  stronger  attraction  for  Sul- 
phuric Acid  than  lime,  and  yet  the  lime,  from  the  great 
influence  of  disturbing  causes,  might  succeed  in  decom- 
posing sulphate  of  ammonia. 

**  The  justice  of  the  foregoing  remark  will  be  made 
obvious  by  the  foflowing  example:  when  a  stream  of 
hydrogen  Gas  is  passed  over  the  oxide  of  iron  heated  to 
redness,  il  deprives  tlie  iron  of  its  oxygen  entirely,  com- 
bining with  it  so  as  to  form  water.  On  the  contrary, 
when  watery  vapour  is  brought  into  contact  with  red 
hot  metallic  iron»  the  oxygen  of  the  water  quits  the 
hydrogen,  and  combineswith  the  iron.  It  fullows  from 
the  result  of  the  first  experiment,  according  to  Berg- 
mann,  that  hydrogen  has  a  stronger  attraction  for 
oxygen  than  iron  has;  and  from  the  second,  that  iron 
has  a  greater  Affinity  for  oxygen  than  hydrogen  lias. 
But  these  inferences  are  incompatible  witli  each  cjlher. 
The  Affinity  of  hydrogen  for  oxygen  must  cither  be 
equal  to  thai  of  iron,  or  greater  or  less.  If  the  first  is 
the  case,  then  the  result  of  both  experiments  was  deter- 
mined  by  modifying  circumstances  ;  s^ince  neitlier  oi 
these  substances  ought  on  this  supposition  to  take 
oxygen  from  the  other,  if  the  second,  then  the  decom^ 
position  in  one  of  the  experiments  must  have  been  deter- 
mined by  extraneous  causes  in  direct  opposition  to  the 
tendency  of  Affinity. 

"  To  Berlhollel  is  due  the  honour  of  pointing  out  the 
fallacy  of  Bcrgmann's  opinion.  He  was  the  first  to 
fthow  that  the  relative  tbrces  of  Chemical  attraction 
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CbtBlttry.  cannot  always  be  determined  by  obsemngf  the  order  in 
s^^/^*  ^  which  sobntances  separate  each  other  when  in  combina- 
tion, and  that  the  Tables  of  GeofTroy  are  merely  tables 
of  decomposition,  not  of  Affinity.  He  likewise  traced 
all  the  various  circumstances  that  modify  the  action  of 
Affinity,  and  gave  a  consistent  explanation  of  the  mode 
in  which  they  operate.  Berthollet  went  even  a  step 
further.  He  denied  the  existence  of  elective  Affinity  as 
an  invariable  force,  capable  of  effecting  the  perfect  sepa- 
ration of  one  body  from  another ;  he  maintained  that  all 
the  instances  of  complete  decomposition,  attributed  to 
elective  Affinity,  are  in  reality  determined  by  one  or  more 
of  the  collateral  circumstances  that  influence  its  opera- 
tion. But  here  this  acute  Philosopher  has  surely  gone 
too  far.  Bergmann  is  admitted  to  have  erred  in  sup- 
posing that  the  result  of  Chemical  action  is  in  every 
case  owing  to  elective  Affinity  ;  but  Berthollet  certainly 
ran  into  the  opposite  extreme,  in  declaring  that  the 
effects  formerly  ascribed  to  that  power,  are  never  pro- 
duced by  it.  That  Chemical  attraction  is  exerted  be* 
tween  bodies  with  different  degrees  of  energy  is  indis- 
putable. Water  has  a  much  greater  Affinity  lor  Muriatic 
Acid  and  ammoniacal  Gases  than  for  Carbonic  Acid  and 
sulphuretted  hydrogen,  and  for  these  than  for  oxygen  and 
hydrogen.  The  attraction  of  lead  for  oxygen  is  greater 
than  that  of  silver  for  the  same  substance.  The  disposi- 
tion of  gold  and  silver  to  combiiic  with  meroury,  is 
greater  than  the  attraction  of  platinum  and  iron  for  that 
£uid.  As  these  differences  cannot  be  accounted  for  by 
the  operation  of  any  modifying  causes,  we  must  admit  a 
difference  in  the  force  of  Affinity  in  producing  combina- 
tion. It  is  equally  olear  that  in  some  instances  the 
separation  of  bodies  firom  one  another  can  only  be  ex- 
plained on  the  same  principle.  No  one,  I  conceive,  will 
contend  that  the  decomposition  of  Hydriodie  Acid  by 
chlorine,  or  of  sulphuretted  hydrogen  by  iodine,  is 
determined  by  the  ^^ncurrence  of  any  modifying  cir- 
-cnmstances. 

**  A-ffinity  is  the  cause  of  still  more  complicated  change 
than  these  which  have  been  just  <M>nsidered.  In  a  case 
-of  single  elective  Affinity,  three  substances  only  are 
present,  and  two  Affmities  are  in  play.  But  it  firequently 
happens  that  two  compounds  are  mixed  together,  and 
four  difierent  Affinities  brought  into  action.  The  changea 
that  may  or  do  occur  under  'these  circumstances  are 
most  conveniently  studied  by  aid  of  a  diagram,  a  method 
that  was,  I  believe,  first  employed  by  Dr.  Black,  annd 
has  since  been  generally  practised.  Thus  in  mixing 
/  together  a  solution  of  the  carbonate  of  ammonia  and 

muriate  of  lime,  their  mutual  action  may  be  represented 
in  the  following  manner : 


Carbonic  Acid  ^ 

s 

N 

^ 

^  Ammonia 

Muriatic  Acid    ^ 

^ 

s 

K 

•^  Lime 

"  Each  of  the  Acids  has  an  attraction  for  both  the 
bases,  and  hence  it  is  possible  either  that  the  two  Salts 
should  continue  as  they  are,  or  that  an  interchange  of 
principles  should  ensne,  giving  rise  to  two  new  com- 
pouiuls,  the  carbonate  of  lime,  and  min*iate  of  am- 
monia. According  to  the  views  of  Bergmann,  the  result 
IS  solely  dependent  on  the  comparative  strength  of 
Affinities.     If  the  Affinity  of  the  Carbonic  Acid  for  the 


nmmonia,  and  of  the  Muriatic  Acid  for  the  lime,  exceed   H 
that  of  the  Carbonic  Acid  for  lime,  added  to  that  of  die  ^^ 
Muriatic  Acid  for  ammonia,  then  will  the  two  Salts  ex* 
pcricnce  no  change  whatever ;  but  if  the  latter  Affinitiei 
preponderate,  then,  as  does  actually  happen  in  the  pre- 
sent example,  both  the  original  Salts  will  be  decooi. 
posed,  and  two  new  ones  generated.     Two  decompori- 
tions   and    two    combinations  take    place,   being  q 
instance  of  what  is  called  double  elective  Affinity.    Mr. 
Rirwan  applied  the  terms  quiescent  and  divelleot,fo 
denote  the  tendency  of  the  opposing  Affinities,  the  actioB 
of  the  former  being  to  prevent  a  change,  that  of  the 
latter  to  produce  it. 

"  The  doctrine  of  double  elective  Affinity  was  asniled 
by  Berthollet  on  the  same  ground,  and  with  the  sane 
success  as  in  the  case  of  single  elective  attraction.  He 
succeeded  in  proving  that  the  effect  cannot  alwaji  be 
ascribed  to  the  sole  influence  of  Affinity.  For,  to  take 
the  example  already  adduced,  if  the  carbonate  of  am- 
monia decompose  the  muriate  of  lime  by  the  mere  force 
of  a  superior  attraction,  it  is  manifest  that  the  carl)OMfte  '  I 
t)f  lime  ought  never  to  decompose  the  muriate  of  aav  \ 
tnonia.  But  if  these  two  Salts  are  mixed  in  a  dry  alat^ 
and  exposed  to  heat,  double  decomposition  does  take 
place,  carbonate  of  ammonia  and  muriate  of  lime  bdnf 
formed ;  and,  therefore,  if  the  change  in  the  first  es- 
ample  was  produced  by  Chemical  attraction  alone,  tbt 
in  the  second  must  have  occurred  in  direct  oppoatioi 
to  that  power.  It  does  not  follow,  however,  becane 
the  result  is  sometimes  determined  by  modifying  ooi- 
ditions,  that  it  must  always  be  so.  I  apprehend  Atf 
the  decomposition  of  the  solid  cyanuret  of  mercmy  hf 
sulphuretted  hydrogen  Gas,  which  takes  place  even  at  i 
low  temperature,  cannot  be  ascribed  to  any  other  cum 
than  a  preponderance  of  the  divelFent  over  the  quieeeerf 
Affinities.** 

On  the  Changes  that  accompany  Chemical  AaiML 

"  The  leading  circumstance  that  characteriscf  Qn^ 
mical  action  is  the  loss  of  properties,  experieneed  fayfii 
combining  substances,  and  tlie  acquisition  of  new  oM 
by  the  product  of  their  combination.     The  diangetf 
property  is  sometimes  inconsiderable.     In  a  solutioBy 
sugar  or  salt  in  water,  and  in  mixtures  of  water  wA 
alcohol  or  sulphuric  Acid,  the  compound  retains  flomiiA 
of  the  character  of  its  constituents,  that  there  ii  M 
difficulty  in    recognising   their   presence.      But  mfln 
generally  the  properties  of  one  or  both  of  the  combiniiV 
bodies  disappear  entirely.     No  ingenuity  could  goemM 
priori  that  water  is  a  compound  body,  much  less  that  It 
js  composed  of  two  Gases,  oxygen  and  hydrogen,  r  '^^^ 
of  which,  when  uncombined,  has  ever  been 
into  a  liquid.   Hydrogen  is  one  of  the  most  i 
substances   in  nature,  and  yet  water  cannot  be  act  «ft 
fire :  oxygen,  on  the  contrary,  enables  bodies  to  bum 
with  great  brilliancy,  and  yet  water  extinguishes  com* 
hustion.     The  Alkalis  and  Earths  were  regarded  as 
simple  till  Sir  H.  Davy  proved  them  to  be  compeondib 
and  certainly  they  evince  no  sign  whatever  of  conliia- 
ing  oxygen  Gas  and  a  metal.     Numerous  examples  of » 
similar  kind  are  affi>rded  by  the  action  of  Acids  aod 
Alkalis  on  one  another.    Sulphuric  Acid  and  pot8di,te 
example,  are  highly  caustic.     The  former  is  intOMi^ 
sour,  reddens  the  blue  colour  of  vegetables,  and  hat  a 
strong  affinity  for  Alkaline  substances  ;  the  latter  has  a 
pungent  taste,  converts  the  blue  colour  of  vegeiMhitM  Id 
green,  and  combines  readily  with  Acids.     On  addinf 
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principles  cautiously  to  one  another  a  compound 
s,  callada  neutral  Salt,  which  does  not  in  any  way 
the  coTonring  matter  of  plants,  and  in  which  the 
distinguishing  features  of  the  Acid  and  Alkali  can 
iger  be  perceived.  They  appear  to  have  destroyed 
rofMBties  of  each  other,  and  are  hence  said  to 
ilije  one  another. 

'he  other  phenomena  that  accompany  Chemical 
.  are  dianges  of  Density,  Temperature,  Form,  and 
r. 

.  It  is  observed  that  two  bodies  rarely  occupy  the 
space  after  combination  which  they  did  separately. 
Qeral  their  bulk  is  diminished,  so  that  the  specific 
y  of  the  new  body  is  greater  than  the  mean  of  its 
>nents.  Thus  a  mixture  of  100  measures  of  water, 
m  equal  quantity  of  Sulphuric  Acid,  does  not 
y  the  space  of  200  measures,  but  considerably 
A  similar  contraction  frequently  attends  the  com- 
on  of  Solids.  Gases  oflen  experience  a  remarkable 
nsation  when  they  unite.  The  elements  of  olefiant 
br  example,  would  expand  to  four  limes  the  bulk 
t  compound,  if  they  were  suddenly  to  become  free, 
asume  the  Gaseous  form.  But  the  rule  is  nofc 
it  exception.  The  reverse  happens  in  some 
lie  compounds}  and  there  are  examples  of  combiner 
etween  Gases  without  any  change  of  bulk. 
.  A  change  of  temperature  generally  accompanies 
ical  action.  Caloric  is  evolved  either  when  there 
iounution  in  tlie  bulk  of  the  combining  substances, 
it  a  change  of  form,  or  when  a  Gas  is  condensed 
liquid,  or  when  a  Liquid  becomes  solid.  The  heat 
1  by  mixing  Sulphuric  Acid  with  water  is  an 
ce  of  the  former ;  and  tlie  common  process  of 
g  lime,  during  which  water  loses  its  liquid  form, 
nbining  with  that  Earth,  is  an  example  of  the 
L  The  rise  of  temperature  in  these  cases  i{« 
isly  referable  to  a  diminution  in  the  capacity  of 
iw  compound  for  caloric ;  but  an  intense  degree  of 
BOfnetimes  accompanies  Chemical  action  under 
ostances  in  which  an  explanation  founded  on  a 
a  of  specific  caloric  is  quite  inadmissible.  At 
It  it  is  enough  to  have  stated  the  fact ;  the  theory 
prg  to  a  difierent  branch  of  our  Science.     The  pro- 

0  of  cold  seldom  or  never  takes  place  during  com- 
on,  except  when  the  specific  caloric  is  suddenly 
aed  by  the  conversion  of  a  Solid  into  a  Liquid,  or  a 
diato  a  Gas.   All  the  frigorific  mixtures  act  in  this 

•  The  changes  of  form  that  attend  Chemical 
i  are  exceedingly  various.  The  combination  of 
i  may  g^ve  rise  to  a  Liquid  or  a  Solid  ;  Solids  some- 
become  Liquids,  or  Liquids  solid.  Several  familiar 
ical  phenomena,  such  as  explosions,  effervescence, 
irecipitations,  are  owing  to  these  changes.  The 
n  evolution  of  a  large  quantity  of  Gaseous  matter 
iona  an  explosion,  as  when  gunpowder  detonates, 
ilower  disengagement  of  a  Gas  causes  efftrvesenee, 
cars  when  marble  is  put  into  Muriatic  Acid.  A 
ntaie  is  owing  to  the  formation  of  a  new  body, 
i  happens  to  be  insoluble  in  the  Liquid  in  which 
unents  were  dissolved. 

t*  The  colour  of  a  compound  is  frequently  quite 
ent  from  tliat  of  the  substances  which  form  it. 
»  does  not  appear  to  be  any  uniform  relation  be- 

1  the  colour  of  a  body  and  thai  of  its  elements,  so 
i  18  not  (>ossible  to  anticipate  the  colour  of  any 
mlar  oompoond,  by  knowing  the  principles  which 


enter  into  its  composition.  Iodine,  whose  vapour  is  of  ^^  ^^ 
a  violet  hue,  forms  a  beautiful  red  compound  with  mer-  '•^'V^ 
cury,  and  a  yellow  one  with  lead.  The  brown  oxide  of 
copper  generally  gives  rise  to  green  and  blue  coloured 
Salts  ;  while  the  Salts  of  the  oxide  of  lead,  which  is  itself 
yellow,  are  for  the  most  part  colourless.  Tlie  colour  of 
precipitates  is  a  very  important  study,  as  it  often  enables 
the  Chemist  to  distinguish  bodies  from  one  another 
when  in  solution.** 

On  the  Changes  of  Circumstances  ihat  modify  and  inr 
fluenct  the  Operation  of  Affinity. 

•*  Of  the  conditions  which  are  capable  of  promoting 
or  counteracting  the  tendency  to  Chemical  attraction, 
the  following  are  the  most  important;  Cohesion,  Elas- 
ticity, Quantity  of  Matter,  and  Gravity.  To  these  may 
be  added  the  agency  of  the  imponderables. 

*'  The  first  and  obvious  effect  of  cohesion  is  to  oppose  Cohesion. 
Affinity,  by  impeding  or  pre\'enting  that  mutual  pene- 
tration and  close  proximity  of  the  particles  of  different 
bodies,  which  is  essential  to  the  successful  exercise  of 
their  attraction.  For  this  reason  bodies  seldom  act 
Chemically  in  their  solid  state ;  their  molecules  do  not 
come  within  the  sphere  of  attraction,  and,  therefore, 
combination  cannot  take  place,  although  their  affinity 
may  in  fact  be  considerable.  Liquidity,  on  the  contrary, 
favours  Chemical  action,  it  permits  the  closest  possible 
approximation,  while  the  cohesive  power  is  compara- 
tively so  trifling  as  to  oppose  no  appreciable  barrier  to 
Affinity. 

"  Cohesion  may  be  diminished  in  two  ways ;  either 
by  mechanical  division,  or  by  the  application  of  heat 
llie  former  is  useful  by  increasing  the  extent  of  surface ; 
but  it  is  not  of  itself  in  general  sufficient,  because  the 
particles,  however  minute,  still  retain  that  degree  of 
cohesion  which  constitutes  solidity.  Caloric  acts  vrith 
greater  effect,  and  never  fails  in  promoting  combination 
whenever  the  cohesive  power  is  a  barrier  to  it  Its 
intensity  should  always  be  so  regulated  as  to  produce 
liquefaction.  It  is  oflen  enough  to  liquefy  one  of  the 
substances,  as  is  proved  by  the  fecility  with  which  water 
dissolves  many  Salts  and  other  solid  bodies.  But  it  is 
easy  to  perceive  that  the  cohesive  power  is  still  in  opera- 
tion; for  a  Solid  is  commonly  dissolved  in  greater 
quantity  when  its  cohesion  is  diminished  by  caloric. 
The  reduction  of  both  substances  to  the  liquid  state  is 
the  best  method  for  insuring  Chemical  action.  The 
slight  degree  of  Cohesion  possessed  by  Liquids,  does  not 
nppear  to  cause"  much  if  '*  any  impediment  to  combina- 
tion." 

The  force  of  Cohesion  frequently  performs  an  impor- 
tant part  in  modifying  the  Physical  results  which  Che- 
mical Affinity  would  of  itself  produce.  The  forms  of 
such  products  seem  to  depend  upon  the  resultant  of 
two  forces  not  necessarily,  but  very  frequently,  opposed 
to  each  other.  The  one  Cohesion  tending  to  exhibit  the 
molecules  of  a  substance  in  the  solid  form  ;  the  other 
Affinity  between  the  same  molecules  and  a  Liquid,  tend- 
ing to  produce  a  compound  Fluid.  In  some  cases  the 
former  force  predominates,  as  when  Muriatic  Actd,  Sul- 
phuric Acid,  and  baryta  are  mixed  together,  producmg 
solid  sulphate  of  baryta  separated  from  the  Liquid.  But 
in  other  cases  the  resultant  is  determined  in  favour  of 
the  latter  force ;  as  when  Muriatic  Acid,  Carbonic  Acid, 
and  lime  are  mixed  together,  producing  a  Fluid  coo- 
taitting  some  of  all  the  three  ingredienta,  though  Cm^ 
bonie  Acid  and  lime  ibnn  a  Solid.    Tha  sane  views  we 
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Chemistry,  conceive  are  applicable  to  the  case  of  four  or  more  inppre- 

^■^v^*^  dients.     It  may  be  just  to  state  that  these  opioious  are 

not  those  of  Dr.  Turner,  to  whose  Work  we  are  on  the^e 

points  so  much  indebted,  and  to  which  we  shall  shortly 

return. 

Crystallization  appears  to  be  only  a  modification  of 
the  ordinary  cohesion  of  Solids  ;  it  probably  depends  on 
molecular  polarity.  A  Fluid  may  contain  a  certain  quan- 
tity of  a  Solid  in  solution;  but  let  a  portion  of  the  Liquid 
be  evaporated,  so  that  the  quantity  of  the  Solid  remains, 
while  the  quantity  of  Fluid  is  diminished.  At  a  certain 
period  in  this  process  the  Affinity  of  the  Liquid  for  the 
Solid,  is  in  equilibrium  with  the  force  of  cohesion  be- 
tween the  molecules  of  the  Solid  ;  but  let  the  evapora- 
tion be  continue<l,  the  latter  force  will  preponderate, 
and  then  the  particles  of  the  Solid  will  cohere.  In  some 
cases  the  resulting  Solid  will  present  a  crystalline  form  ; 
but  in  others  it  will  be  only  a  powder.  This  difference 
in  result  arises  from  the  nature  of  the  attraction  with 
which  its  molecules  are  endued ;  but  as  far  as  Affinity  is 
concerned,  the  cohesive  force  opposed  to  it  differs  not 
in  kind,  though  it  may  possibly  differ  in  intensity.  With 
the  measure  of  such  difference  we  are  at  present  unac- 
quainted. Generally  speaking,  crystalline  bodies  are 
more  soluble  than  those  that  are  not  so,  but  this  rule  is 
not  invariable,  and  in  many  cases  the  increase  of  solubi- 
lity depends  greatly  upon  water  of  crystallization. 

'*  From  the  obstacle  which  cohesion  puts  in  the  way 
of  Affinity,  the  Gaseous  state,  in  which  the  cohesive 
power  is  wholly  wanting,  might  be  expected  to  be  pe- 
culiarly  favourable  to  Chemical  action.  The  reverse, 
however,  is  the  hcL  Bodies  evince  little  disposition 
to  unite  when  presented  to  each  other  in  the  elastic 
form.  Combination  does  indeed  sometimes  take  place, 
in  consequence  of  a  very  energetic  attraction  ;  but  ex- 
amples of  an  opposite  kind  are  much  more  common. 
Oxygen  and  hydrogen,  and  chlorine  and  hydrogen, 
though  their  mutual  Affinity  is  very  powerful,  may  be 
preserved  together  for  any  length  of  time  without  com- 
bining. The  cause  of  this  is  obviously  the  distance 
between  the  particles  preventing  that  close  approxima- 
tion which  is  so  necessary  to  the  successful  exercise  of 
Affinity.  Hence  many  Gases  cannot  be  made  to  unite 
directly ;  which  nevertheless  combine  readily  while  in 
their  nascent  state  ;  that  is  while  in  the  act  of  assuming 
the  Gaseous  form  by  the  decomposition  of  some  of  their 
solid  or  fluid  combinations. 

"  Elasticity  operates  likewise  as  a  decomposing  agent. 
If  two  Gases  whose  reciprocal  attraction  is  feeble,  suffer 
considerable  condensation  when  they  unite,  the  com- 
pound will  be  decomposed  by  very  slight  causes.  Tlie 
chloride  of  nitrogen,  which  is  an  oil-like  Liquid,  com- 
posed of  the  two  Gases  chlorine  and  nitrog^,  answers 
this  description  completely,  and  it  is  remarkable  for 
being  the  most  explosive  substance  hitherto  discovered. 
A  slight  elevation  of  temperature,  by  increasing  the 
natural  elasticity  of  the  Gases,  or  the  contact  of  sub- 
stances which  have  an  Affinity  for  either  of  them,  pro- 
duces an  immediate  explosion. 

*'  Many  familiar  phenomena  of  decomposition  are 
owing  to  Elasticity.  All  compounds  that  contain  a 
volatile  and  a  fixed  principle  are  liable  to  be  decom- 
posed by  a  high  temperature."  This  statement  has 
been  objected  to  (m),  and  with  reason,  if  by  **  liable  to" 
we  are  to  understand  "  certain  to ;"  but,  probably,  the 
meaning  is  only  that  a  tendency  thence  results,  which 
in  some  cases  may  produce  deeomposition,  but  in  others 


does  not  so.     In  the  Review  by  which  the  objection  is   i 
advanced  the  following  apposite  cases  Mf  cited,  viz.  v« 
that  hydrate  of  copper  is  decomposed  oy  a  red  heat, 
while  hydrate  of  potash  is  not  so.    The  compound  oC 
chloride  of  phosphorus  and  ammonia,  which  contain* 
three  elementary  Gases,  and  a  very  volatile  Sdid,  is  no^ 
only  very  difficult  of  decomposition,  but  is  not  vokit%^ 
lized  at  a  red  heat.     Where,  however,  deoompositic^^ 
does  occur  we  may  return  to  Dr.  Turner's  explanati^^ 
of  the  process.     "  The  expansion  occasioned  by  calo^iA^ 
removes  the  elements  of  the  compound  to  a  gm^f^ 
distance  from  one  another,  and  thus,  by  diminishing  ^^^ 
force  of  Chemical  attraction,  favoura  the  tendency  of  ||^ 
volatile  principle  to  assume  the  form  which  is  natun^ 
to  it     Many  solid  substances  which  contain  water  {■« 
state  of  intimate  combination,  part  with  it  in  a  stioi^ 
heat,in  consequence  of  the  voUtile  nature  of  thailiqiii 
Hie  separation  of  oxygen  from  some  metals  by  had 
alone,  is  explicable  on  Uie  same  principle. 

**  It  appeanfrom  these  and  some  preceding  renunfa^ 
that  the  influence  of  caloric  over  Affinity  is  vanaUe;  fat 
at  one  time  it  promotes  Chemical  union,  and  oppoMiit 
at  another.  Its  action,  however,  is  always  tou^oL 
Whenever  the  cohesive  power  is  an  obstacle  to  oonU- 
nation,  caloric  favours  Affinity,  as  hf  diminishing  tliees- 
hesion  of  a  Solid,  or  by  converting  a  Solid  into  a  LiqaMi 
As  the  cause  of  the  Gaseous  state,  on  the  eontnnf,ii 
keeps  particles  at  a  distance  which  would  othcnrhl 
unite ;  or  by  producing  expansion,  it  tends  to  se|Nnto 
substances  fit)m  one  another,  which  are  already  eoB- 
bined.  There  is  one  effect  of  caloric  wludi  MM 
somewhat  anomalous ;  namely,  the  combination  of  GiM 
on  the  approach  of  flame.  The  explanation  gimoril 
by  Berthollet  is,  probably,  correct,— that  the  wMm 
dilatation  of  the  Gases  in  the  immediate  victnity  sf  Ihi 
flame,  acts  as  a  violent  compressing  power  to  <li 
contiguous  portions,  and  thus  brings  them  withia  Ihi 
sphere  of  their  attraction. 

"  The  influence  of  quantity  of  Matter  over  AflfaHyiKM 
universally  admitted.  If  one  body  A  unites  with  aaote  >■* 
body  B  in  several  proportions,  that  compound  wiQbt 
most  difficult  of  decomposition  which  contaiBi  At 
smallest  quantity  of  B.  Of  the  three  oxides  of  Uai, 
for  instance,  the  peroxide  parts  most  easily  with  Jl 
oxygen  by  the  action  of  caloric ;  a  higher  tempenAoe 
is  required  to  decompose  the  deutoxide,  and  the  pnl* 
oxide  will  bear  the  strongest  heat  of  our  furnaces  mth 
out  losing  a  particle  of  its  oxygen. 

"  The  influence  of  quantity  over  Chemical  attmliiBB 
may  be  further  illustrated  by  the  phenomena  of  solndoa 
When  equal  weights  of  a  soluble  Salt  are  added  in  sae* 
cession  to  a  given  quantity  of  water,  whidi  is  eajMB 
of  dissolving  almost  the  whole  of  the  Salt  employ«^' 
the  first  portion  of  the  Sdt  will  disappear  more  veaOf 
than  the  second,  the  second  than  the  third,  the  tUm 
than  the  fourth,  and  so  on.  The  affinity  of  the  waltf 
for  the  saline  substance  diminishes  with  eadi  addltiiliib 
till  at  last  it  is  weakened  to  such  a  degree  as  to  be  n«^ 
able  to  overcome  the  cohesion  of  the  Salt  lliepiuuui 
then  ceases,  and  a  saturated  solution  is  obtained. 

*'  Quantity  of  Matter  is  employed  advantageoosiy  in 
many  Chemical  operations.  If,  for  instance,  a  ChenW 
is  desirous  of  separating  an  Acid  from  a  metallic  otfde 
by  means  of  the  superior  Affinity  of  potash  for  tte 
former,  he  frequently  uses  rather  more  of  the  AlkiH  ttea 
is  sufficient  for  neutralizing  the  Acid.  He  takes  the 
precaution  of  employing  an  excess  oHUMi,  in  iowiler  Ob 
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more  effectually  to  bring  evfiry  particle  of  the  substance 
to  be  decamposed  iti  contact  with  the  decomposing 
agent. 

t*  But  Berthollet  has  attributed  a  mwch  greater  in- 
fluence to  quantity  of  Matter.  It  was  the  basis  of  his 
doctrine, dev el opeti  iu  iht^  Slaiiqui  Chimiqne^  that  bodies 

P   cannot   be   whcjliy  separated  Iroin   cEch  other  by  the 
affinity  of  a  third  substance  for  one  eleinenl  of  a  com- 
pound; and  to  explain  why  u  superior  Chemical  attrac- 
tion does  not  produce  the  effect  which  ml^hi  be  expected 
from  il»  he  can  tended  that  quantity  of  Matter  compen- 
snied  for  a  weaker  affinity.     From  the  cooperation  of 
several  disturbing  causes,  BerlhoUet  perceived  that  the 
Ibrce  of  Affinity  cannot  he  estimated  with  cerlaiuty  by 
observing'  the  order  of  decomposition  ;  and  fie,  therefore, 
_    faftd  recourse  to  another  method.     He  set  out  by  sup- 
hposing  that  the  Affinity  of  different  Acids  for  the  same 
Hn^lkali  is  in  the  inverse  ratio  of  the  ponderable  quantity 
^  of  each,  which  is  necessary  for  neutralizing  equal  quan^ 
tsiies  of  the  alkali,     Thus»  if  two  parts  of  one  Add  A, 

»^d  one  part  of  another  Acid  B,  are  required  to  neutral- 
^e  equal  quantities  of  the  alkali  C,  it  was  inferred  that 
Uie  Affinity  of  B  for  C  was  twice  as  great  as  that  of  A. 

I  He  conceived  further,  that  as  two  parts  of  A  produce 
^e  same  neutralizing  efTect  as  one  part  of  B,  the  at- 
^^actioa  ekerled  by  any  alkali  towards  the  two  parts  of 
"^  ousfht  to  be  precisely  the  same  as  for  the  one  part  of 
^  ^  ;  and  he  hence  concluded  that  there  is  no  reason  why 
B^e  alkali  should  prefer  the  small  quantity  of  one  to  the 
B'^^'g^e  quautily  of  the  other.  On  this  lie  founded  the 
I»^i3*iiciple  that  quantity  of  Matter  compensates  for  force 
^^r  attraction. 

*•    Berthollet  has    here   obviously  confounded   two 

things,   namely,   force   of   attractiou  and  neutralizing 

po^N^er,  which  are  really  different,  and  ought  to  be  held 

"  "siincl.    The  relative  weights  of  muriatic  and  sulphuric 

»^s  required  to  neutmlize  an  equal  qnanlity  of  any 

il^ali^  or,  in  other  words,  their  capacities  of  saturation, 

na  37  to  40,  a  ratio  which  remains  constant  with 

f  Wp«ct  to  ali  other  alkalis.     The  Affinity  of  these  Acids 

^1*  according  to  Berthol let's  rule,  be  expressed  by  the 

•*«»e  numbers.     But  in  taking  this  estimate  we  have 

^oiake  three  assumptiuns,  all  of  which  are  dispnUible, 

Iliere  is  no  proof,  in  the  tirst  place,  that  murialic  Acid 

fc«8  a  greater  Affinily  for  an  alkali,  such  as  potash,  than 

tolph uric  Acid.     Such  an  inference  would  be  directly 

iJpposcd  to  tiie  general  opinion  founded  on  the  order 

of  decomposition  ;    and  though  that   order   is   by    no 

means  a  satisfactory  test  of  the  strength  of  Affinity,  it 

would  be  improper  to  adopt  an   opposite  conclusion 

without  having  good  reasons  for  doiug  so.     Secondly, 

mere   it  established  that  muriatic  Acid  has  the  greater 

AlBnity,  it  does  not  follow  that  the  attraction  of  these 

I    Acids  for  potash  is  in  the  ratio  of  37  to  40.     And, 

HiJurdfy,  supposing  this  point  settled,  it  is  very  impro- 

^nmble  that  the  ratio  of  their  Affinity  for  one  alkali  will 

apply  to  all  others ;  analogy  would  lead  us  to  anticipate 

the   reverse.     Independently   of  these   objections,   M. 

Dulong  has  found  that  the  principle  of  Berthollet  is  not 

in  accord  with  the  results  of  experiment. 

**  Though  this  mode  of  determining  the  relative  forces 
of  AfBnity  cannot  be  admitted,  it  is  possible  that  quantity 
of  Matter  may,  some  how  or  otlier»  compensate  for  a 
weaker  Affinity,  and  Berthollet  attempts  to  prove  it  by 
eipexiraent.  On  boiling  the  sulphate  of  baryta  with 
an  equal  weight  of  pure  potash,  the  alkali  is  found  to 
hft^c  deprived  the  baryta  of  a  small  portion  of  its  Acid  ; 


and  on  treating  oxalate  of  li  pc  with  nitric  Acid,  some  P*rt  IL 
nitrate  of  lime  is  generated.  As  these  partial  decom-  '•^•n^-*^ 
positions  arc  contrary  to  the  supposed  order  of  elective 
Affinity,  it  was  conceived  that  they  Were  produced  by 
quanlily  of  Matter  acting  in  opposition  to  tbrco  of  at- 
traction. But  they  by  no  means  justify  such  a  conclu- 
sion. In  the  decomposition  of  sulphate  of  baryta  by 
pot  ash  ^  no  care  was  taken  to  exclude  ihe  atmospheric 
air  during  the  operation  ;  the  alkali  must  consequently 
have  absorbed  carbonic  Acid  ;  and  it  is  an  established 
fact,  that  carbonate  of  potash  decomposes  partially  the 
sulphate  of  baryta,  A  similar  omission  appears  to  have 
been  made  in  the  other  experiments,  where  decompo- 
sition was  attempted  by  pure  potash  or  soda.  In  many 
cases  the  result  may  fairly  be  attributed  to  other  causes. 
A  circumstance  that  infiiiences  the  result  of  such  expe- 
riments, and  which  Berthollet  left  out  of  view  entirely, 
is  the  affinity  of  Salts  for  one  another.  On  the  whole 
therefore,  we  may  infer  that  Berthollet  has  given  no 
satis  flic  tory  case  in  which  quantity  of  Matter  is  proved 
to  compensate  tor  a  weaker  Affinity.  Saline  substances 
indeed  seem  ill  adapted  to  such  researches.  For  it  is 
impossible  in  many,  if  not  in  most  cases,  to  decide 
upon  the  relative  strength  of  attraction  of  two  Acids  for 
an  alkali,  or  of  two  alkalis  for  an  Acid,  which,  neverthe- 
less, is  an  important  element  in  the  inquiry  ;  and  even 
did  we  possess  such  knowledge,  the  influence  of  modi- 
fying circumstances  is  such,  that  it  is  difficult  to  appre- 
ciate the  share  they  may  have  in  producing  a  given 
€0ect, 

**  The  influence  of  Gravity  is  perceptible  when  it  is  Grivity, 
wished  to  make  two  substances  unite,  the  densities  of 
which  are  ditTerent.  In  a  case  of  simple  solution,  a 
larger  quantity  of  saline  matter  is  fuund  at  the  bottom 
than  at  the  top  of  the  Liquid,  unless  the  solution  shall 
have  been  well  mixed  subsequently  to  its  formation. 
In  making  an  alloy  of  two  metals  which  differ  from  one 
another  in  density,  a  larger  quantity  of  the  heavier  metal 
will  be  found  at  the  lower  than  in  the  upper  part  of  the 
compound,  unless  great  care  be  taken  to  coiruteract  the 
tendency  nf  Gravity  by  agitation.  This  force  obviously 
acts,  like  the  cohesive  power^  in  preventiui*  a  sufficient 
degree  of  approximation, 

(lit.)    The    agency    of   Caloric,  Light,  Electricity  Impondcr- 
and  Magnetism   upon   Chemical  Afliuity  has  been  al-  abks, 
ready  generally  adverted  to.     See  (5.) — (40.) 

On  ihe  Measure  of  Affinity, 

**  As  foregoing  observations  prove  that  the  order  of 
decomposition  is  not  always  a  satisfactory  measure  of 
Affinity,  it  becomes  a  question  whether  there  are  any 
means  of  determining  the  comparative  forces  of  Che- 
mical attraction.  When  no  disturbing  causes  operate, 
the  phenomena  of  decomposition  aflbrd  a  sure  crite- 
rion; but  when  t!ie  conclusions  obtained  in  this  way 
are  doubtful,  assistance  may  be  frequently  derived  from 
other  sources.  The  surest  indications  are  procured  by 
observing  the  tendency  of  different  substances  to  unite 
with  the  same  principle^  under  the  same  circumstances, 
and  subsequently  by  marking  the  comparative  facility  of 
decomposition  when  the  compounds  so  formed  are  ex- 
posed to  the  same  decomposing  agent.  Thus  on  ex- 
posing gold,  lea<i,  and  iron  to  air  and  moisture,  the 
iron  rusts  with  great  rapidity,  the  lead  is  only  tarnished, 
and  the  silver  retains  its  lustre.  It  is  hence  inferred 
that  iron  has  the  greatest  Affinity  for  oxygen,  lead  next, 
4o 
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Chemiitfy.  and  silver  lea«t/  Thii  conclusion  is  supported  by  con- 
,^y^/  curring  obsenrations  of  a  like  nature,  and  confirmed 
by  the  circumstances  under  which  the  oxides  of  those 
metals  part  with  their  oxygen.  The  oxide  of  silver  is 
reduced  by  heat  alone ;  and  the  oxide  of  lead  is  decom- 
posed by  charcoal  at  a  lower  temperature  than  the 
oxide  of  iron. 

«'  It  is  inferred  from  the  action  of  caloric  on  the 
carbonates  of  potash,  baryta,  lime,  and  the  oxide  of 
lead,  that  potash  has  a  stronger  attraction  for  carbonie 
Add  than  baryta,  baryta  than  lime^  aad  lime  than  the 
oxide  of  lead.  The  Affinity  of  different  substances  ibr 
water  may  be  determined  in  a  shnilar  manner. 

**  Of  all  Chemical  substances  our  knowledge  of  the 
relative  degrees  of  attraction  of  the  Acids  and  alkalis 
for  each  other  is  the  most  nneertnn.  Their  action  on 
one  another  in  affected  by  so  many  drcnmstances,  that 
it  is  in  most  cases  impossibie,  with  certainty,  to  refer  any 
eisfect  to  its  real  cause.  The  only  methods  that  have 
been  hitherto  devised  for  remedying  this  defect  are 
those  of  Berthollet  and  Kirwan.  Both  of  them  are 
founded  on  the  capacities  of  satnratioii;  and  the  objec- 
tions which  have  been  urged  to  the  role  sug^^ested  by 
the  first  Philosopher,  apply  equally  to  that  proposed  by 
the  second.  But  this  uncertainty  is  of  no  great  conse- 
quence in  practice.  We  know  perfectly  the  order  of 
decomposition,  whatever  may  be  the  actual  forces  by 
which  it  is  effected* 

On  the  Proportions  in  which  bodia  unite^  and  on  the 
Lata  of  Combination. 

(115.)  "llie  stndy  of  the  proportions  in  which  bodies 
unite  natumlly  resolves  itself  into  two  parts.  The  first 
includes  compounds  whose  elements  appear  to  unite  in 
a  great  many  proportions;  the  second  comprehends 
those,  the  denenu  of  vHncfa  combine  in  a  few  propor- 
tkmaonly. 

1.  **  The  eompoonds  contained  in  the  first  division 
are  of  two  kinds.  In  one,  combination  takes  place 
unlimitedly  in  all  proportions;  in  the  other,  it  occurs 
in  every  proportion  within  a  certain  limit  The  union 
of  water  with  alcohol  and  the  liquid  Adds,  such  as  the 
sulphuric  mnnatic,  and  nitric  Acids,  are  instances  of 
the  first  mode  of  Combination ;  the  solutions  of  Salts  in 
water  are  examples  of  the  second.  One  drop  of  sul- 
phuric Acid  may  be  diffused  through  a  gallon  of  water, 
or  a  drop  of  water  through  a  gallon  of  the  Acid  ;  or 
they  may  be  mixed  together  in  any  intermediate  propor- 
ticms,  and  in  each  case  they  appear  to  unite  perfectly 
with  one  another.  A  hundred  grains  of  water,  on  the 
contrary,  will  dissolve  any  quantity  of  sea  salt  which 
does  not  exceed  forty  grains.  Its  dissolving  power 
then  ceases,  becaose  the  cohesion  of  the  Solid  becomes 
comparatively  too  powerfol  for  the  force  of  affinity. 
The  limit  to  Combination  is,  in  such  instances,  owing  to 
the  cohesive  power ;  and  but  for  the  obstacle  which  it 
occasions,  the  salt  would,  most  probably,  unite  vrith  the 
water  in  every  proportion. 

**  All  the  substances  that  unite  in  many  proportions, 
gfve  rise  to  compounds  which  have  this  common  cha- 
racter, that  thdr  elements  are  united  by  a  feeble  affinity, 
and  preserve  when  combined  more  or  less  of  the  pro- 
perties which  they  possess  in  a  separate  state.  In  a 
Sdentific  point  of  view^  these  Combinations  are  of  minor 
importance ;  but  they  are  exceedingly  usefol  as  instru* 
DMnts  of  research.    They  enable  the  Chemist  to  present 


bodies  to  one  another,  under  the  most  fiivoiiraUe  di^ 
cumstances  possible  for  acting  with  effieei;  the  liquid  ^ 
form  is  thus  communicated  to  them,  while  the  affinity 
of  the  solvent  or  menstruum,  which  holds  tbem  kt  tolo^ 
tion,  is  not  sufficiently  powedkl  to  intcifore  with  tiKir 
attraction  for  one  another. 

II.  "  The  most  interesting  series  of  cmnpouadi  ^ 
produced  by  substances  which  unite  in  m  few  prof 
tions  only ;  and  which,  in  combining,  lose  more  or  1 
completely  the  properties  that  distinguished  them  \  ' 
separate.     Of  these  bodies,  some  fom  but  one  C 
bination.    Thus  there  is  only  one  eoapound  of  i 
and  oxygen,  or  of  chlorine  and  hydrogen.      ^^4^^ 
combine  in  two  proportions.    For  eaanqile,  Um  ^^ 
pounds  are  formed  by  copper  and  oxygen,  or  by  bfi^ 
gen  and  oxygen.     Other  bodies  again  unite  in  tius^ 
four,  five,  or  even  six  proportions,  which  is  tlw  grsiint 
number  of  compounds  tiiat  any  two  substances  ns 
known  to  produce,  excepting  those  wliich  belong  tstts 
tint  division. 

**  The  Combination  of  substances  that  mite  insfkr 
proportions  only,  is  regulated  by  three  reuMikaUe  Isna 
The  first  of  these  laws  is,  that  the  composition  of  bsin 
is  fixed  and  invariable ;  that  a  componad  sobstanei^  • 
long  as  it  retains    its  characteristic  properties,  ntfk 
always  consist,  of  the  same  dements  united  togeteh 
die  same  proportion.    Snlphurio  Add,  for  exampk  ^ 
always  composed  of  sulphur  and  oxygen,  in  the  nHod 
16  parts  (by  wdght)  of  the  fimner  to  t4  of  the  kin: 
no  other  elements  can  form  it,  neither  oan  its  mmii^ 
ments  in  any  other  proportion  form  it     Water,  la  Hi 
manner,  is  formed  of  1  part  of  hydrog^en  and  9  ef  wf 
gen ;  and  were  these  two  elements  to  unite  in  aufodN^ 
proportion,  some  new  compound  different  from- viiv 
would  be  the  product.     The  saoie  observatioD  sppi0 
to  all  other  substances^  however  oomplicated,  mm  iI 
whatever  period  they  were  produced.     Thus  salpkili 
<^  baryta,  whether  formed  Ages  ago  by  the  hsai  rf 
nature,  or  quite  recently  by  the  operations  of  it 
Chemist,  is  iilwa3rs  composed  of  40  pisrts  of  solptaii 
Add  and  78  parts  of  baryta.    This  law,  fan  foel,  ii«r 
versal  and  permanent.    Its  importance  is  equally  n^ 
nifest.     It  is  the  essential  basis  of  Chemistryv  wi*'^ 
which  the  Sdence  itself  could  have  no  existence. 

'*  Two  viewE  have  been  proposed  by  way  < 
ing  for  this   law.     The  explanation  now  nnr 
given  of  it  is  confined  to  a  mere  statement,  that  ah- 
stances  are  disposed  to  combine  in  those  propevtMM  t» 
which  they  are  so  strictly  limited,  in  preference  to  sny 
othera ;  it  is  regarded  as  an  ultimate  fact,  because  He 
phenomena  are  explicable  on  no  other  known  prindpfei 
A  different  doctrine  was  advanced  by  the  cdebntcd 
Berthollet,  in  his  Statique  Chimique^  published  m  1801. 
Having  observed  the  influence  of  cohesion  and  eiaili* 
dty  in  modifying  the  action  of  affinity,  as  already  de- 
scribed, he  thought  he  could  trace  the  operation  of  Ae 
same  causes  in  produdng  the  effect  at  present  undkr 
consideration.    Finding  that  the  solubility  of  a  Salt  and 
of  a  Gas  in  water  was  limited  in  the  firet  by  eohedon, 
and  in  the  second  by  elastidty,  he  conceived  thai  the 
same  forces  would  account  for  the  unchang«aUe  < 
position  of  certain  compounds.     He  maintained,  I  ~ 
fore,  that  within  certain  limits,  bodies  have  a  \ 
to  unite  in  every  proportion ;  and  that  Combination  te 
never  definite  and  invariable,  except  when  rendered  i 
by  the  operation  of  modifying  causes,  such  as  • 
insolubility,  elastidty,  quantity  of  Matter,  and  the  1 
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Thus,  according  to  Berthollet,  sulphate  of  baryta  is 
composed  of  40  parts  of  sulphuric  Acid  and  7B  of 
baryta,  not  because  these  substances  are  disposed  to 
anhe  in  that  ratio  rather  than  in  any  other,  but  because 
the  compound  so  constituted  has  a  great  cohesive 
power. 

**  These  opinions,  which,  if  true,  would  shake  the 
^rtiole  Science  of  Chemistry  to  its  foundation,  were 
founded  on  observation  and  experiments,  supported  by 
all  the  ingenuity  of  that  highly  gifled  Philosopher.  They 
were  ably  and  successfully  combated  by  Proust,  in 
several  Papers  published  in  the  Journal  de  Physique^ 
wherein  he  proved  that  the  metals  are  disposed  to  com- 
bine with  oxygen  and  with  sulphur  only  in  one  or  two 
proportions,  which  are  definite  and  invariable.  The 
controversy  which  ensued  between  these  eminent  Che- 
mists on  that  occasion,  is  remarkable  for  the  moderation 
«nth  which  it  was  conducted  on  both  sides,  and  has 
been  properly  quoted  by  Berzelius  as  a  model  for  all 
firture  controversialists.  How  much  soever  opinion 
Bmy  have  been  divided  upon  this  important  question  at 
that  period,  the  dispute  is  now  at  an  end.  The  infinite 
Wftriety  of  new  facts,  similar  to  those  observed  by 
Pkoust,  which  have  since  been  established,  has  proved 
beyond  a  doubt  that  the  leading  principle  of  Berthollet 
ie  quite  erroneous.  The  tendency  of  bodies  to  unite  in 
dsArite  proportions  only,  is  indeed  so  great  as  to  excite 
B  suspicion  that  all  substances  combine  in  this  way ;  and 
Ibai  the  exceptions  thought  to  be  afforded  by  the  phe- 
Bomena  of  solution,  are  rather  apparent  than  real ;  for 
It  is  conceivable  that  the  apparent  variety  of  proportion 
aoticed  in  such  cases  may  arise  from  the  mixture  of  a 
§tm  definite  compounds  with  each  other. 

''The  second  law  of  Combination  is  still  more  re- 
■mkable  than  the  first.  It  has  given  plausibility  to  an 
tegenious  hypothesis  concerning  the  ultimate  particles 
of  matter,  called  the  Atomic  Theory.  The  law  itself, 
however,  contains  nothing  hypothetical,  being  the  pure 
expression  of  a  fact  first  established  by  Mr.  Dalton, 
and  subsequently  by  many  other  Chemists.  The  nature 
of  it  will  be  at  once  understood  by  a  simple  perusal  of 
the  following  table : 

Water  is  composed  of  hydrogen  1  -f-  oxygen  8 

Deutoxide  of  hydrogen     ditto  1  -f  ditto  16 

Carbonic  oxide carbon  6  +  ditto  8 

:Carbonic  Acid ditto  6  -j-  ditto  16 

Hyposulphurous  Acid,  sulphur  16  +  ditto  8 

Sulphurous  Acid ....      ditto  16  -f  ditto  16 

Sulphuric  Acid ditto  16  +  ditto  24 

Nitrous  oxide nitrogen  14  +  ditto  8 

Nitric  oxide ditto  14  -i-  ditto  16 

Hyponitrous  Acid. . . .      ditto  14  -f-  ditto  24 

l^itrousAcid ditto  14  -j-  ditto  32 

Nitric  Acid ditto  14  +  ditto  40 

••  Now  it  will  be  perceived  that  in  all  these  com- 
pcrands,  the  numbers  denoting  the  oxygen,  which  is 
ottacfaed  to  a  given  weight  of  the  same  base,  bear  a 
wmj  simple  ratio  to  one  another.  The  deutoxide  of 
liyarogen  contains  just  twice  as  much  oxygen  as  water 
does.  The  oxygen  in  carbonic  Acid  is  double  that  of 
corbonic  oxide.  The  oxygen  in  the  compounds  of 
lilliogen  and  oxygen  is  in  the  ratio  of  1,  2,  8,  4,  and  5. 
flo  obvious,  indeed,  is  this  law,  that  it  is  observed  at 
onee  when  we  compare  the  result  of  a  ftw  accurate 
analyses  together ;  and  the  only  subject  of  surprise-  is, 
Alat  It  was  not  discovered  before.    It  is  by  no  means 


confined  to  the  compounds  of  combustibles  with  oxygen. 
Thus  the  sulphur  in  the  two  sulphurets  of  mercury,  the 
chlorine  in  the  two  chlorides  of  mercury,  is  as  1  to  8. 
It  extends  also  to  the  Salts.  The  bicarbonate  of  potassa, 
for  example,  contains  twice  as  much  carbonic  Acid  as 
the  carbonate ;  and  the  oxalic  Acid  of  the  three  oxa- 
lates of  potassa  is  in  the  ratio  of  1, 2,  and  4.  We  must 
regard  it,  therefore,  as  a  general  law,  the  enunciation  of 
wlddi  may  be  stated  in  the  fbllowing  terms.  When 
two  substances,  A  and  B,  unite  chemically,  the  quanti^- 
ties  of  the  two  bodies  must  either  be  equal,  or  in  the 
ratio  of  multiples  or  submultiples  of  each  other.  It  is 
ahen  called  the  law  of  multiples,  or  of  Combination  in 
multiple  proportion. 

**  Every  one  who  hears  this  singular  law  announced 
for  the  first  time,  will  naturally  inquire  if  it  really  holds 
good  in  all  cases.  It  may  be  stated  in  reply,  that  the 
examination  of  numerous  compound  bodies  leaves  no 
room  to  question  the  universality  of  the  law  ;  but  that 
it  is  impossible  from  the  present  condition  of  the  Science 
that  every  instance  should  be  in  accord  with  it.  Two 
causes  are  in  operation  which  tend  to  prevent  such 
perfect  coincidence.  In  the  first  place,  we  are  not  yet 
acquainted  with  all  possible  combinations ;  and  secondly, 
our  knowledge  of  the  composition  of  known  substances 
is  not  always  precise ;  circumstances  which  will  not 
excite  surprise  when  it  is  considered,  that  the  Science  of 
Chemistry  itself,  and  especially  the  Art  of  making  accu- 
rate analyses,  is  of  very  recent  origin.  The  mode  in 
which  the  first  cause  operates  is  obvious :  the  effect  of 
the  second  may  be  illustrated  by  a  few  examples.  A 
few  years  ago  Chemists  were  acquainted  with  only  two 
compounds  of  sulphur  and  oxygen,  the  sulphurous 
and  sulphuric  Acids ;  the  former  of  which  is  composed 
of  16  sulphur  and  16  oxygen,  and  the  latter  of  16 
sulphur  and  24  oxygen.  The  quantity  of  oxygen  com- 
bined with  the  same  weight  of  sulphur  in  these  com- 
pounds is  in  the  ratio  of  2  to  8.  But  this  exception  to 
the  law  of  multiples  was  only  apparent,  arising  from 
our  igfnorance  of  the  hyposulphurous  Acid,  a  compound 
which  was  first  noticed  by  Gay  Lnssac  in  the  year  1818. 
It  is  composed  of  16  parts  of  sulphur  and  8  of  oxygen, 
so  that  the  oxygen  in  the  three  compounds  is  as  1,  2, 
and  8.  Arsenic  afibrds  an  example  of  the  same  kind, 
in  which,  however,  the  anomaly  is  not  yet  explained. 
We  know  only  two  combinations  of  arsenic  and  oxygen 
which  are  thus  constituted : 

Aneaie.      Oxygen. 

Arsenious  Acid 88     +     16 

Arsenic  Acid 88     +     24 

in  which  the  oxygen  is  as  2  to  8.  But  we  may  confi- 
dently expect,  on  two  grounds,  that  an  oxide  of  arsenic 
will  hereafter  be  discovered  ;  first,  because  there  is  the 
analogous  case  of  sulphur  to  justify  such  a  supposition ; 
and,  secondly,  because  arsenic  may  be  expected  to  form, 
like  the  other  metals,  a  salifiable  base  with  oxygen. 
The  three  compounds  of  oxygen  and  lead  are  composed 

of 

Lead.      OxygM. 

Protoxide 104  +     8 

Deutoxide  (hemideutoxide,  E.  M.)..    104  -i-   12 

Peroxide  (deutoxide,  £.  M.)    104  +  16 

and  the  proportion  of  oxygen,  therefore,  is  as  1,  1^, 
and  2.  But  it  is  manifest  that  the  discovery  of  an 
oxide  formed  of  104  to  4  of  oxygen,  would  at  once 
make  these  compounds  harmonise  with  Mr.  Dalton's 
law. 
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Chereiftry.  "  The  third  law  of  Combinations  is  as  fully  as  remark- 
^'^m^^^  able  as  the  preceding,  and  is  intimately  connected  with 
it.  Water  and  hyposulphurous  Acid  may  be  adduced 
by  way  of  illustration.  The  former  is  composed  of  8 
oxyg^en  +  1  hydrogen ;  the  latter  of  8  oxygen  +16 
sulphur.  Now  it  is  singular,  that  the  well-known  sub- 
stance, sulphuretted  hydrogen,  is  constituted  of  1  hydro- 
gen +  1 6  sulphur ;  that  is,  the  quantities  of  hydrogen 
and  of  sulphur,  which  combine  with  the  same  quantity 
of  oxygen,  combine  with  one  another.  Again,  40  parts 
of  selenium  with  8  of  oxygen  form  the  oxide  of  sele- 
nium, and  with  1  of  hydrogen,  seleniuretted  hydrogen : 
86  parts  of  chlorine  with  8  of  oxygen  constitute  the 
oxide  of  chlorine,  and  with  1  of  hydrogen  form  muriatic 
Acid  Gas;  16  parts  of  sulphur  combine  with  36  of 
chlorine  to  form  the  chloride  of  sulphur. 

"It  is  manifest  from  these  examples,  that  bodies 
unite  according  to  proportionable  numbers ;  and  hence 
has  arisen  the  use  of  certain  terms,  as  proportion,  com- 
bining proportion,  or  equivalent,  to  express  them.  Thus 
the  combining  proportions  of  the  substances  just  alluded 
to  are 

Hydrogen 1 

Oxygen 8 

Sulphur 16 

Chlorine 86 

Selenium 40 

"When  one  body  combines  with  another  in  more 
than  one  proportion,  then  the  law  of  multiples  already 
explained  comes  into  action.     Thus, 

Sulphur.  Oxygen. 

Ilyposulph.  Acid  is  composed  of  16  or  1  pr.  -f  8  or  1  pr. 

Sulphurous  Acid 16  or  1  pr.  + 16  or  2  pr. 

Sulphuric  Acid    16  or  1  pr.  4-  24  or  3  pr. 

"  The  most  common  kind  of  combination  is  one  pro- 
portion of  one  body  either  with  one  or  with  two  propor- 
tions of  another.  Combinations  of  1  -f-  3,  or  1  +  4, 
are  very  uncommon,  unless  the  more  simple  compounds 
*  likewise  exist  Ammonia,  however,,  is  a  singular  in- 
stance of  the  reverse.  It  is  composed  of  nitrogen  14 
parts  4-  hydrogen  3  parts.  Now,  14  is  the  precise 
quantity  of  nitrogen  which  unites  with  8  of  oxygen  ; 
and,  therefore,  14  is  considered  as  one  proportion  of 
nitrogen,  which  is  consequently  combined  with  three 
proportions  of  hydrogen.  It  is  probable  that  com- 
pounds of  1  +  1  and  1  +  2  will  hereafter  be  discovered, 
but  they  are  quite  unknown  at  present. 

"  But  this  law  does  not  apply  to  elementary  substances 
only,  since  compound  bodies  have  their  combining  pro- 
portions, which  may  likewise  be  expressed  in  numbers. 
Thus,  since  water  is  composed  of  one  proportion,  or  8 
of  oxygen,  and  one  proportion,  or  1  of  hydrogen,  its 
combining  proportion  is  9.  The  proportion  of  sulphuric 
Acid  is  40,  because  it  is  a  compound  of  one  proportion, 
or  16  of  sulphur,  and  three  proportions,  or  24  of  oxygen : 
and  in  like  manner  the  combiuingprc^rtion  of  muriatic 
Acid  is  37,  because  it  is  a  compound  of  one  proportion, 
or  36  of  chlorine,  and  one  proportion,  or  I  of  hydrogen. 
The  proportional  number  of  potassium  is  40,  and  as 
that  quantity  combines  with  8  of  oxygen  to  form  potash, 
the  combining  proportion  of  potash  is  48.  Now  when 
these  compounds  unite,  one  proportion  of  the  one  com- 
bines with  one,  two,  three,  or  more  proportions  of  the 
other,  precisely  as  the  simple  substances  do.  The 
hydrate  of  potash,  for  example,  is  constituted  of  48 
potash  and  9  of  water,  and  its  combining  proportion  is 


consequently  48  -f-  9  =  57.    The  sulphate  of  potaaK 
is  composed  of  40  sulphuric  Acid  -|-  48  poiarii ;  and  th^ 
muriate  of  the  same  alkali  of  87  muriatic  Acid  +  4^ 
potash.     The  combining  proportion  of  the  former  Si^ 
is,  therefore,  88,  and  of  the  latter  85. 

"  The  composition  of  the  Salts  affords  a  very  m^:;^ 
illustration  of  this  subject ;  and  to  exemplify  it  s^^ 
further,  a  list  is  subjoined  of  the  proportional  numb^^ 
of  a  few  Acids  and  alkaline  bases. 


Fluoric  Acid 10 

Phosphoric  Acid  . .  28 
Muriatic  Acid  ....  37 
Sulphuric  Acid. . . .  40 

Nitric  Acid 54 

Arsenic  Acid 62 


Lithia 18 

Magnesia  ...  20 
Lime ...... 

Soda 

Potash 41 

Strontia 51 

Baryta 71 


"  It  will  be  seen  at  a  glance,  tiiat  the  neatral^^ 
power  of  the  different  alkalis  is  very  different ;  fbrif 
proportion  of  each  base  expresses  the  precise  qii^j|0|u 
required  to  neutralize  a  proportion  of  each  of  the  AeAh 
Thus,  18  of  lithia,  32  of  soda,  and  78  of  baryta,  comUat 
with  10  of  fi*ioric  Acid,  forming  the  neutral  flaata  of 
lithia,  soda,  and  baryta.     The  same  fact  is  obvious  vtt 
respect  to  the  Acids ;  for  28  of  phosphoric,  40  of  lit 
phuric,  and  62  of  arsenic  Acid,  unite  with  26  of  fimc^ 
forming  a  neutral  phosphate,  sulphate,  and  wmmk 
of  lime. 

"  IThese  circumstances  afford  a  ready  explaoatioi  rf 
a  curious  fact,  first  noticed  by  the  Saxon  Cbcfliit 
Wenzel ;  that  when  two  neutral  Salts  mutually  deoiNi- 
pose  each  other  the  resulting  compounds  are  likewin 
neutral.  The  cause  of  this  fact  is  now  obvious.  If  SB 
parts  of  neutral  sulphate  of  potash  are  mixed  with  111 
of  the  nitrate  of  baryta,  the  78  baryta  unite  with  tblO 
sulphuric  Acid,  and  the  54  nitric  Acid  of  the  vSMk 
combine  with  the  48  potash  of  the  sulphate,  not  a  p0>- 
ticle  of  the  Acid  or  alkali  remaining  in  an  unoombM 
condition. 


Sulphate  of  potash. 
Sulphuric  Acid. .  40 
Potash 48 

88 


Nitrate  of  harytm* 
54  Nitric  Add. 
78  Baryta. 

132 


"  It  matters  not  whether  more  or  less  than  88  piiii 
of  sulphate  of  potash  are  added  ;  if  more,  a  smans 
quantity  of  sulphate  of  potash  will  remain  in  aolutisB^ 
if  less,  nitrate  of  baryta  will  be  in  excess  ;  hut  in  eitlMr 
case  the  neutrality  will  not  be  affected. 

'*  The  utility  of  being  acquainted  With  these  imporiml 
laws  is  almost  too  evident  to  require  mention,    llmragk 
their  aid,  and  by  remembering  the  proportional  nan- 
bers  of  a  few  elementary  substances,  the  compoailiaB 
of  an  extensive  range  of  compound  bodies  may  be 
calculated  with  facility.     By  knowing  that  6  it  the 
combining  proportion  of  carbon  and  8  of  oxygen,  it  if 
easy  to  recollect  the  composition  of  carbonic  oxide  and 
carbonic  Acid  ;  the  first  being  6  carbon  -|-  8  oxygMi 
and  the  second  6  carbon  -|-  16  oxygen.     Forty  is  tht 
number  of  potassium,  and  potash  being  its  protoxide^  ii 
composed  of  4  potassium  -|-  8  oxygen.     From  tbeat 
few  data  we  know  at  once  the  composition  of  the  ear* 
bonate  and  bicarbonate  of  potash.     The  first  is  22  ea^ 
bonic  Acid  -f  48  potash  ;  the  second,  44  carbonic  Acid 
-f-  48  potash.    This  is  done  with  very  little  effini  cf 
the  memory;   and  the   assistance  derived   firom   the 
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id  will  be  manifest  on  comparing  it  with  the  com- 
practtee  of  setting  down  the  composition  in  100 

Carbonic  oxide.      Carbonic  acid. 

Carbon 42.86 27.87 

Oiygen 57.14 72.73 


Carbonate  of  potash.  Bicarbonate  of  potash. 

Carbonic  Acid  .  31.43 47.83 

Potash 68.57 52.17 

•Vom  the  same  data,  calculations,  which  would 
wise  be  difficult  or  tedious,  may  be  made  rapidly, 
rith  ease,  without  reference  to  books,  and  fre- 
ly  by  a  simple  mental  process.  The  exact  quan- 
of  substances  required  to  produce  a  given  efiect  can 
itermined  with  certainty,  thus  affording  informa- 
hich  is  of^en  necessary  to  the  success  of  Chemical 
ises,  and  of  vast  consequence  both  in  the  prac- 
)f  the  Chemical  arts  and  in  the  operations  of 
nacy. 

%e  same  knowledge  affords  a  good  test  to  the 
it  by  which  he  may  judge  of  the  accuracy  of  his 
,  and  even  sometimes  correct  an  analysis  which 
R  not  the  means  of  performing  with  rigid  precision, 
a  powerful  argument  for  the  accuracy  of  an  ana- 
is  derived  from  the  correspondence  of  its  result 
he  laws  of  Chemical  union.  On  the  contrary,  if 
n  an  exception  to  them,  we  are  authorized  to  re- 
it  as  doubtful,  and  may  hence  be  led  to  detect  an 

the  existence  of  which  might  not  otherwise  have 
suspected.  If  an  oxidized  body  is  found  to  con- 
me  proportion  of  the  combustible  with  7.99  of 
!n,  then  the  inference  is  unavoidable,  that  8,  or 
roportion  of  oxygen,  would  have  been  the  result, 
tie  analysis  been  perfect  From  the  same  cause, 
SGOTery  of  a  new  compound,  whether  it  has  been 
d  by  Uie  Chemist,  or  exists  as  a  mineral  in  the 

18  iJways  interesting :  curiosity  is  excited  to  ascer- 
he  ratio  of  its  constituents,  and  see  if  it  be  such  as 
ling  from  the  established  data  would  lead  us  to 
ixare, 

lie  composition  of  a  substance  may  sometimes  be 
nined  before  any  analysis  of  it  has  been  made. 

the  new  alkali  lithia  was  first  discovered,  Che- 
did  not  possess  a  sufficient  quantity  of  it  for  deter- 
g  analytically  how  much  oxygen  it  contained.  But 
nown  that  the  neutral  sulphates  of  the  alkalis  and 
I  are  composed  of  one  proportion  of  each  consUtu- 
Jid  that  the  oxide  contains  one  proportion  of  oxy- 

If  it  be  found,  therefore,  by  analysis,  that  the 
il  sulphate  of  lithia  is  composed  of  40  parts  of 
iric  Acid  and  18  of  lithia,  we  conclude^  since 
one  proportion  of  the  Acid,  that  18  is  the  equiva- 
nr  lithia,  and  that  the  oxide  is  formed  of  8  oxygen 
)  of  lithium. 

he  method  of  determining  the  proportional  numbers 
e  anticipated  from  what  has  already  been  said ; 
Mnmencement  is  made  by  carefully  analyzing  a 
e  compound  of  two  simple  substances,  winch  pos- 
Q  extensive  range  of  affinity.  No  two  bodies  are 
adapted  for  this  purpose  than  oxygen  and  hydro- 
and  that  compound  is  selected  which  contains  the 
«t  quantity  of  oxygen.     Water  is  such  a  substance, 

ig,  therefore,  regarded  as  a  compound  of  one 
lion  of  oxygen  +  1  proportion  of  hydrogen.  But 
is  proves  that  it  is  composed  of  8  parts  of  the 
'  4*  1  of  the  latter ;  by  which  the  relative  weightu 


of  their  proportions  are  determined ;  that  of  oxygen     Part  II. 
being  8  times  iieavier  than  that  of  hydrogen.  ^^""v*^ 

"  Some  compounds  are  next  examined,  which  contain 
the  smallest  proportion  of  oxygen  or  hydrogen,  in  com- 
bination with  some  other  substance,  the  quantities  of 
each  being  the  smallest  that  can  unite  together.  Car- 
bonic  oxide,  with  respect  to  carbon,  and  sulphuretted 
hydrogen,  with  respect  to  sulphur,  answer  this  descrip- 
tion perfectly.  Tlie  former  consists  of  8  oxygen  and 
6  carbon :  the  latter  of  1  hydrogen  +16  sulphur.  The 
proportional  number  of  carbon  is,  consequently,  6,  and 
of  sulphur  16.  The  proportions  of  all  other  bodies  may 
be  determined  in  the  same  manner. 

"  Since  the  proportional  numbers  merely  express  the 
relative  quantities  of  different  substances  which  combine 
together,  it  is  in  itself  immaterial  what  figures  are  em- 
ployed to  express  them.  The  only  essential  point  is, 
that  the  relation  should  be  strictly  observed.  Thus  we 
may  make  the  combining  proportion  of  hydrogen  10^  if 
we  please :  but  then  oxygen  must  be  80,  carbon  60, 
and  sulphur  160.  We  may  call  hydrogen  100  or  1000, 
or,  if  it  were  desirable  to  perplex  the  subject  as  much 
as  possible,  some  high  uneven  number  might  be  selected, 
provided  the  due  relation  between  the  different  numbers 
is  faithfully  preserved.  But  such  a  practice  would 
effectually  do  away  with  the  advantage  ascribed  to  the 
use  of  the  proportional  numbers,  and  hence  it  is  the 
object  of  every,  one  to  employ  such  simple  ones,  that 
their  relation  may  be  perceived  by  mere  inspection.  As 
the  opinion  of  different  Chemists  concerning  the  sim- 
plicity of  numbers  is  somewhat  at  variance,  we  possess 
several  series  of  them.  Dr.  Thomson,  for  example, 
makes  oxygen  1,  so  that  hydrogen  is  one-eighth  of 
unity,  or  0.125,  carbon  0.75,  and  sulphur  2.  Dr. 
Wollaston,  in  his  scale  of  Chemical  equivalents,  fixes 
oxygen  at  10,  by  which  hydrogen  is  1.25,  carbon  7.5, 
and  so  on.  According  to  Berzelius,  oxygen  is  100. 
And,  lastly,  several  other  Chemists,  such  as  Dal  ton, 
Davy,  Henry,  and  others,  call  hydrogen  1,  and,  there- 
fore, oxygen  8.  One  of  these  series  may  easily  be  re- 
duced to  any  of  the  others,  by  an  obvious  and  simple 
Arithnetical  process;  and,  excepting  that  of  Berze- 
lius, whose  numbers  are  inconveniently  high  for  prac- 
tice, it  is  not  very  material  to  which  of  them  the  prefer- 
ence is  given.  In  this  Work  the  last  method  is  adopted, 
in  consequence  of  its  containing  no  fractional  parts. 

On  the  Atomic  Theory  of  Mr.  DaUon. 

(116.)  '*  Hie  brief  sketch  which  has  been  given  of  the 
laws  of  combination,  will  serve  to  set  the  importance  of 
this  department  of  Chemical  Science  in  its  true  light.  It 
is  founded,  as  will  have  been  seen,  on  experiment 
alone,  and  the  laws  which  have  been  stated  are  the  pure 
expression  of  fact.  It  is  not  necessarily  connected  with 
any  speculation,  and  may  be  kept  wholly  free  from  it. 

*'  The  reason  why  persons,  partially  acquainted 
with  the  subject,  have  supposed  it  to  be  of  an  hypo- 
thetical nature,  is  sufficiently  obvious.  It  was  impos- 
sible to  reflect  on  the  regularity  and  constancy  with 
which  bodies  obey  the  laws  of  proportion,  without  spe- 
culating about  the  cause  of  that  regularity ;  and  conse- 
quently, the  facts  themselves  were  no  sooner  noticed, 
than  an  attempt  was  made  to  explain  them.  Accord- 
ingly, when  Mr.  Dalton  published  his  discovery  of 
these  laws,  he  at  once  incorporated  the  description  of 
them  with  his  notion  of  their  Fbysical  cause ;  and  even 
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Chemistry,  expressed  the  fonner  hi  language  suggested  by  the 
^^«v^^^  latter.  Since  that  period,  though  several  British  Che- 
mists of  eminence,  and  in  particular.  Dr.  Wollaston 
and  Shr  H.  Davy,  have  recommended  and  practised  an 
opposite  course,  both  subjects  have  been  but  too  com- 
monly comprised  under  the  name  of  Atomic  Theory ; 
and  hence  it  has  often  happened,  that  beginners  have 
rejected  the  virhole  as  hypodietical,  because  they  could 
not  satisfactorily  distinguish  between  what  was  founded 
on  fact,  and  what  was  conjectural.  All  such  perplexity 
Would  have  been  avoided,  and  this  department  of 
the  Science  have  been  far  better  understood,  and  ita 
value  more  justly  appreciated,  had  the  discussion  con- 
cerning the  atomic  constitution  of  bodies  been  always 
kept  distinct  from  what  it  was  intended  to  explain. 
When  employed  in  this  limited  sense,  the  Atomic  lAieory 
may  be  discussed  in  a  few  words. 

"  Two  opposite  opinions  have  long  existed  concern- 
ing the  ultimate  elements  of  Matter.  It  is  supposed, 
according  to  one  party,  that  every  particle  of  Matter, 
however  small,  may  be  divided  into  smaller  portions, 
provided  our  instruments  and  organs  were  adapted  to  the 
operation.  Their  opponents  contend,  on  the  other  hand, 
that  Matter  is  composed  of  certain  atoms,  which  are  of 
such  a  nature  as  not  to  admit  of  further  division.  These 
opposite  opinions  have,  from  time  to  time,  been  keenly 
contested,  and  with  variable  success,  according  to  the 
acuteness  or  ingenuity  of  then*  respective  champions. 
But  it  was  at  last  perceived  that  no  positive  data  ex- 
isted capable  of  deciding  the  question,  and  its  hiterest, 
therefore,  gradually  declined.  The  progress  of  modem 
Chemistry  has  revived  the  general  attention  to  this  con- 
troversy, by  affording  a  far  stronger  argument  in  favour 
of  the  atomic  constitution  of  bodies  than  was  ever  ad- 
Tanced  before,  and  which  seems  almost  irresistible. 
We  have  only,  in  fact,  to  assume,  with  Mr.  Dalton, 
that  all  bodies  are  composed  of  ultimate  atoms,  the 
weight  of  which  is  different  in  different  kinds  of  Matter, 
and  we  explain  at  once  the  foregoing  laws  of  Chemical 
union. 

'*  According  to  this  view,  every  compound  is  formed 
by  a  combination  of  the  atoms  of  its  constituents.  An 
atom  of  A  may  combine  with  I,  2,  8,  or  more  atoms  of 
B,  an  arrangement  on  which  depends  the  law  of  muK 
iiples.  If  water,  for  example,  is  composed  of  an  atom 
of  hydrogen  and  an  atom  of  oxygen,  it  follows  that 
every  compound  of  hydrogen  with  an  additional  quan- 
tity of  oxygen,  must  contain  2,  8,  or  more  atoms  of 
oxygen ;  some  multiple  in  a  word  by  a  whole  number 
of  the  quantity  of  oxygen  contained  in  water.  It  is 
equally  clear,  from  this  view  of  the  composition  of 
water,  that  the  weight  of  an  atom  of  oxygen  is  eight 
times  heavier  than  an  atom  of  hydrogen.  The  relative 
weight  of  the  atoms  of  other  substances  may  be  deter- 
mined in  a  similar  manner.  Thus  an  atom  of  carbon 
is  6  times,  an  atom  of  sulphur  16  times,  and  an  atom 
of  chlorine  36  times  heavier  than  an  atom  of  hydrogen  ; 
and  this  explains  why  they  unite  with  one  another  in  the 
proportions  expressed  by  those  numbers.  What  are 
called  the  proportional  numbers  are,  in  fact,  nothing 
else  but  the  relative  weights  of  atoms. 

"  No  one  can  suppose  that  the  laws  of  Chemical 
union  are  the  effect  of  chance :  there  must  be  some  cause 
for  them  in  the  nature  of  the  ultimate  particles  of  Mat- 
ter. This  cause,  as  we  have  just  seen,  is  completely 
supplied  by  the  supposed  atomic  constitution  of  bodies, 
which  accounts  for  the  phenomena  in  the  most  beaoUful 


and  consistent  manner.  So  perfect,  indeed,  i«  tlw 
explanation,  that  the  existence  of  these  lows  migkt  hove  ' 
been  predicted  by  the  aid  of  the  atomic  hypothesis  tai^ 
before  they  were  actually  discovered  by  analysis.  Bo^ 
these  are  not  the  only  a^uments  which  we  at  present 
possess  in  favour  of  the  existence  of  ultimate  indivisible 
particles  of  Matter.  Dr.  WoUaston,  in  his  Paper  on  tlk«^ 
Finite  Extent  of  the  Atmosphere,  (Philotophical  Tnm^ 
actions^  1822,)  has  defended  this  side  of  the  questic^ 
on  a  new  and  independent  principle,  and  the  proof  ^^ 
has  given  of  the  atomic  constitution  of  bodies  i 
decisive. 

**  Some  Chemists,  even  without  expressly  odop 
the  Atomic  Theory  itself,  have  followed  Mr.  DaHo^  . 
the  use  of  the  terms  atom  and  atomic  weighty  in  pir  — 
ence  to  proportion,  combining  proportion, 
and  others  of  a  like  kind.     All  these  appellatioBs,  ]    _^ 
ever,  have  the  same  signification;   and,  in  using  ^ 
word  atom,  instead  of  the  others,  it  should  be  beltf^ 
mind  that  it  merely  denotes  the  proportions  in  wly^ 
bodies  unite :  that  it  is  the  expression  of  a  fact  wUdi  nff 
remain  the  same,  whether  the  atomic  hypothesis  wiiUk 
suggested  the  employment  of  the  term  be  true  er  Vim. 

**  There  is  one  circumstance  which,  at  the  first  visub 
seems  hostile  to  the  supposed  atomic  constitutisa  If 
Matter.    In  describing  the  law  of  multiples,  it  wm 
mentioned  that  the  oxygen  in  the  three  oxides  ef  IhI 
is  the  ratio  of  1 :  !•} :  2  :  so  that  if  we  regard  the  prth 
oxide  as  composed  of  one  combining  proportion  cf  kdl 
to  one  proportion  of  oxygen,  the  second  will  < 
one  proportion  and  a  half,  or,  according  to  the  i 
theory^  one  atom  and  a  half  of  oxygen.     Now, 
the  half  of  a  combining  proportion  may  be  adoittii 
the  existence  of  half  an  indivisible  partide  of  Matt«  ii 
inconceivable  :  and  this  circumstance  would  be  iitil  II 
the  Atomic  Theory,  were  there  not  some  saiiafseHiy 
mode  of  accounting  for  it.     Several  explanations  nifht 
be  brought  forward.     One  of  them,  as  has  already  boM 
mentioned,  rests  on  the  supposition  that  what  is  csUei 
the  protoxide,  is,  in  reality,  composed  of  one  atassf 
lead  to  two  atoms  of  oxygen  ;  and  that  the  real  put^ 
oxide  has  not  yet  been  discovered.     Another  mode  of 
accounting  for  the  anomaly  is,  by  regmrding  the  pi»* 
sent  deutoxide  as  composed  of  the  protoxide  and  par- 
oxide  comibined  with  each  other.    A  third  method  ii, 
by  doubling  both  elements  of  the  anomalous  ccHnpoofti 
by  which  the  exact  ratio  is  preserved,  and  the  ideatf 
Uie  fraction  of  an  atom  is  avoided.     Thus  the  pfomp- 
ide  and  peroxide  of  iron  are  composed,  the  first,  of  oae 
proportion,  or  28  of  metal  -f  8  of  oxygen,  and  the  •»• 
€ond,  of  28  of  metal  -f-  an  atom  and  a  hali^  or  18^ 
tmygen  ;  or  what  amounts  to  the  same  thing,  of  Si6|  er 
two  atoms  of  iron,  to  IM,  or  three  atoms  of  oaygaa.  ' 
Tliese  observations  prove,  that  the  occurrence  of  half 
proportions  is  not  inconsistent  with  the  atomic  constil» 
tion  of  bodies ;  they  show  that  the  diffionhy  is  •explica- 
ble, and  probably  will,  in  the  progress  of  discovery,  te 
enthrely  removed*    In  tiie  mean  time,  however,  it  woaU 
be  inconvenient  to  sillow  any  speculative  notions  on  llli 
subject  to  interfere  with  actual  praclioe ;  and,  thaie- 
fbre,  it  is  best  at  once  to  admit  the  occorrenoe  of  iMlf 
proportions:  and,  if  any  one  prefer  the  term  aiomS» 
equivalent  or  proportion^  be  must  submit  to  the  soias 
what  jarring  expression  of  half  an  atom. 

**  Mr.  Dfdton  supposes  that  the  atoms  of  bodies  aia 
spherical,  and  has  invented  certain  symbols  to  vepK- 
smt  the  modein^hich  he  conccivn  tksy  amy  combias 
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try.  together.**    See  his  New  Sysiem  of  Chemical  Philo^ 

^  There  are  several  questions  relative  to  the  natare  of 
aloois*  most  of  which  wilU  perhaps,  never  be  decided. 
Of  thia  ittture  are  the  questions  which  relate  to  the 
actual  ibrm,  size,  and  weight  of  atoms*  and  to  the  dr- 
comstances  in  which  they  mutually  differ.  All  that  we 
know  with  any  certainty  is,  that  their  weights  do  differ. 
and  by  exact  analysis  the  ratios  between  them  may  be 
determined.  The  numbers  which  indicate  the  com- 
bining proportions  of  bodies,  are,  in  fact,  the  relative 
weights  of  their  atoms. 

*'  It  is  but  justice  to  the  memory  of  the  late  Mr. 
Biggins,  of  Dublin,  to  state,  thai  be  first  made  nae  of 
Hm  atomic  hypothesis  in  Chemical  reasonings.  In  his 
ComparaUve  View  of  the  Pfdogidie  and  AniiphlogisHe 
Tkeoriei^  published  in  1789,  he  observes,  (pp.  S6  and 
S7,)  that  **  in  volatile  vitriolic  Acid  a  single  ultimate 
particle  of  sulphur  is  intimately  united  only  to  a  single 
particle  of  dephlogisticated  air;  and  that  in  perfect  vitri- 
•lic  Acid,  every  single  particleof  sulphur  is  united  to  two 
•f  dephlogisticated  air,  being  the  quantity  necessary  to 
aaturation :"  and  he  reasons  in  the  same  way  concem- 
ing  the  constitution  of  water  and  the  compounds  of 
sitrogen  and  oxygen.  These  remarks  of  Mr.  Higgins 
do  not  diminish  Mr.  Dalton's  claim  of  originality. 
They  appear  to  have  been  quite  unknown  to  him  at  the 
time  he  published  his  New  Syttem  of  Chemical  Pbu 
lotophy :  and  indeed  they  were  made  in  so  casiml  a 
manner,  as  not  only  to  escape  observation,  but  to  prove 
tliat  Mr.  Higgins  himself  attached  no  particular  in* 
tvrest  to  them.  Mr.  Dalton's  real  merit  lies  in  the 
difloovery  of  the  laws  of  combination,  a  discovery 
vrtiieh  is  solely  and  indisputably  his ;  but  in  which  he 
wmild  have  been  anticipated  by  Mr.  Higgins,  had  that 
IsShemist  perceived  the  importance  of  his  own  opinions. 
Tli€  merit  of  applying  the  atomic  hypothesis  to  account 
Ibr  these  lairs  likewise  belongs  to  Mr.  Dalton ;  nor  is 
faia  ingenuity  in  the  least  affected  by  the  circumstance 
that  another  person  had  previously  explained  insulated 
Chemical  facts  on  the  same  principle. 

On  the  Theory  of  Volumes. 

(117.)  "Soon  afler  the  publication  of  the  NewSydem 
<>fCAemtc«/PAi^o9o;>A^inl808,inwhichWorkMr.Daltoa 
explained  his  views  of  the  atomic  constitution  of  bodies, 
a  Paper  appeared  in  the  second  volume  of  the  Memoires 
d^ArcueiU  by  M.  Gay  Lussac,  on  the  Combination  of 
Oauous  Substances  with  each  other.  He  there  proves 
that  Gases  unite  together  by  volume  in  very  simple  and 
definite  proportions.  In  the  combined  researches  of 
himself  and  M.  Humboldt,  those  gentlemen  (bund  that 
water  is  composed  precisely  of  100  measures  of  oxygen 
and  200  measures  of  hydrogen ;  and  M.  Gay  Lussac, 
being  struck  by  this  peculiarly  simple  proportion,  was 
induced  to  examine  the  combinations  of  other  G^ases, 
whh  the  view  of  ascertaining  if  any  thing  similar 
occurred  in  other  instances. 

''The  first  compounds  which  he  examined  were 
those  of  ammoniacal  Gas  with  muriatic,  carbonic,  and 
flnoboric  Acid  Gases.  100  volumes  of  the  alkali  com* 
bfned  with  precisely  100  volumes  of  muriatic  Acid  Gat, 
and  they  could  be  made  to  unite  in  no  other  ratio. 
With  both  the  other  Acids,  on  the  contrary,  two  distinct 
combinations  were  possible.    These  are : 


100  Fluoboric  Acid  Gas  with  100  ammoniacal  Gas.        ¥ui  IL 
100  Ditto  200  ditto. 

100  Carbonic  Acid  Gas  with  100  ditto. 

100  Ditto  200  ditto. 

"  Various  other  examples  were  quoted,  both  from  his 
own  experiments  and  from  those  of  others,  all  demonstrat- 
ing the  same  fact  Thus  ammonia  was  found  by  M.  A. 
Berthollet  to  consist  of  100  volumes  of  nitrogen  +  300 
volumes  of  hydrogen.  100  volumes  of  sulphurous 
Acid  and  50  volumes  of  oxygen  produced  sulphuric 
Acid.  Carbonic  Acid  is  composed  of  50  volumes  of 
oxygen  and  100  volumes  of  carbonic  oxide. 

"  From  these  and  other  instances  M.  Gay  Lussac 
established  the  fact,  that  Gaseous  substances  unite  ia 
the  simple  ratio  of  1  to  1,  1  to  2,  1  to  3,  &c. ;  and 
this  original  observation  has  been  confirmed  by  such  a 
midtiplicity  of  experiments,  that  it  may  be  regarded  as 
one  of  the  best  established  laws  in  Chemistry.  Nor 
does  it  apply  to  tho  true  Gases  merely,  but  to  vapours 
likewise.  For  example,  sulphuretted  hydrogen,  sul- 
phurous Acid,  and  hydriodic  Acid  Gases  are  com- 
posed of 

100  vol.  hydrogen  +100  vol.  vapour  of  sulphur. 
100  do.  oxygen. .  -f  100  do.         do.         do. 
100  do. .  .do. . . .  -h  100  do.       .  do.       iodine. 

"  There  are  very  good  grounds  to  suppose,  also,  that 
solid  bodies  which  are  fixed  in  the  fire,  would,  when  in 
the  form  of  vapour,  be  subject  to  the  same  law.  By  a 
method  which  will  be  hereafter  explained  we  may  cal- 
culate what  the  Specific  Gravity  of  carbon  would  be,  if 
converted  into  vapour,  and  0.4166  is  the  number  so 
determined,  atmospheric  air  being  unity.  Now  if  we 
assume  that  carbonic  Acid  is  formed  of  100  volumes  of 
oxyg^i  -{-100  volumes  of  the  vapour  of  carbon,  condensed 
into  the  space  of  100  volumes,  the  Specific  Gravity  of 
carbonic  Acid  will  be  1.1111  (the  Specific  Gravity  of 
oxygen)  +  0.4166  =  1.5277,  which  is  the  precise  num- 
ber determined  by  experiment.  Again,  it  follows  from 
our  assumption,  that  carbonic  Acid  is  composed  by 
weight  of 

Oxygen  1.1111 16  or  2  prop« 

Carbon  0.4166 6  or  1  prop. 

aa  ascertained  by  analysis. 

"  If  we  assume  that  carbonic  oxide  is  composed  (^ 
50  volumes  of  oxygen,  and  100  volumes  of  the  vapour 
of  carbon,  condensed  into  the  space  of  100  volumes, 
then  iU  Specific  Gravity  will  be  0.5555  (half  tlie  Specific 
Grravity  of  oxygen)  +  0.4166  =:  0.9721 ;  and  ito  com^ 
position  will  be 

Oxygen  0.5555 8  or  1  prop. 

Carbon  0.4166 6  or  1  prop. 

both  of  which  results  have  been  determined  by  other 
methoda. 

**  The  compounds  of  carbon  and  hydrogen  ara 
equally  illustrative  of  the  same  point  If  li^t  car* 
buretted  hydrogen  is  formed  of  200  volumes  of  hydro* 
gen  +  100  volumes  of  the  vapour  of  carbon,  condensed 
into  100  volumes,  its  Specific  Gravity  should  be  0.1388 
(twice  the  Specific  Gravity  of  hydrogen)  -j-  0.4166 
=  0.5554 ;  and  its  composition  by  wei^t  will  be 

Hydrogen....  0.1368 2 

Carbon 0.4166 6 

"  If  defiant  €bs  is  composed  of  200  vohimes  of  Irp- 
drogen  -f-  200  volumes  of  the  vapour  of  carbon,  its 
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Chemistry.  Specific  Gravity  will  be  0.1388  -f  0.8332  =  0.9720  ; 
^•^'^^^  and  its  composition  by  weight  must  be 

Hydrogen. . . .  0.1388 2 

Carbon 0^32 12 

both  of  which  results  have  been  obtained  by  analysis. 

••  Another  remarkable  fact  established  by  M.  Gay 
Lussac  in  the  same  Paper  is  that  the  diminution  of 
bulk  which  Gases  frequently  suffer  in  combining,  is 
also  in  a  very  simple  ratio.  Thus  the  4  volumes  of 
which  ammonia  is  constituted,  (3  hydrogen  +  1  nitro- 
gen,) contract  to  a  half  or  to  2  volumes  when  they 
unite.  There  is  a  contraction  to  two-thirds  in  the 
formation  of  nitrous  oxide  Gas.  The  same  applies  to 
the  combination  of  Gases  and  vapours.  There  is  con- 
traction to  a  half  in  the  formation  of  sulphuretted 
hydrogen ;  and  to  a  third  in  that  of  sulphurous  acid. 
The  instances  just  quoted  relative  to  the  vapour  of 
carbon  confirm  the  same  remark.  There  is  a  contrac- 
tion to  two-thirds  in  carbonic  oxide,  to  a  half  in  car- 
bonic Acid,  to  a  third  in  light  carburetted  hydrogen, 
and  to  a  fourth  in  olefiant  Gas. 

••The  rapid  progress  which  Chemistry  has  made 
within  the  last  few  years,  is  in  a  great  measure  attri- 
butable to  the  ardour  with  which  Pneumatic  Chemistry 
has  been  cultivated.  That  very  department,  which  at 
first  sight  appears  so  obscure  and  difficult,  has  afforded 
a  greater  number  of  leading  facts  than  any  other ;  and 
the  law  of  Gay  Lussac,  by  giving  an  additional  degree 
of  precision  to  such  researches,  as  well  as  from  its  own 
intrinsic  value,  is  one  of  the  brightest  discoveries  that 
adorn  the  annals  of  the  Science.  The  practice  of  estimat- 
ing the  quantity  in  weight  of  any  Gas  by  measuring  its 
volume,  of  itself  susceptible  of  much  accuracy,  is  ren- 
dered still  more  precise  and  satisfactory  by  the  opera- 
tion of  this  law.  It  will  not,  perhaps,  be  superfluous, 
therefore,  to  exemplify  the  method  of  reasoning  em- 
ployed in  these  investigations  by  a  few  examples,  which 
will  serve,  moreover,  as  a  usefiil  specimen  to  the  be- 
ginner of  the  nature  of  Chemical  proof. 

••One  essential  element  in  every  inquiry  of  this  kind, 
which  is  indeed  the  keystone  of  the  whole,  is  a  know- 
ledge of  the  Specific  Gravity  of  the  Gases.  But  it  is 
exceedingly  difficult  to  determine  the  Specific  Gravity  of 
the  Gases  with  perfect  accuracy ;  for  not  only  do  slight 
alterations  of  temperature  and  ))ressure  during  the  ex- 
periment affect  tlie  result,  but  the  presence  of  a  little 
watery  vapour,  atmospheric  air,  or  other  impurity,  may 
cause  a  material  error,  especially  when  the  Gas  to  be 
weighed  is  either  very  light  or  very  heavy.  The  Specific 
Gravity  of  important  Gases  has  accordingly  been  stated 
differently  by  different  Chemists,  and  there  is  none  in 
regard  to  which  more  discordant  statements  of  this 
fact  have  been  made  than  of  hydrogen  Gas.  Fortu- 
nately we  possess  the  power  of  correcting  the  results, 
and  of  estimating  their  accuracy,'  by  means  of  other 
data,  upon  which  greater  reliance  may  be  placed.  Ac- 
cording to  our  best  data,  the  Specific  Gravity  of  oxygen, 
hydrogen,  and  nitrogen  Gases,  air  being  1,  is 

Oxygen I.IIU 

Hydrogen 0.0694 

Nitrogen 0.9722 

••  It  has  been  proved  by  analysis  that  200  volumes  of 
ammoniacal  Gas  are  composed  of  300  volumes  of  hydro- 
gen and  100  volumes  of  nitrogen,  from  which  the  Spe- 
cific Gravity  of  that  alkali  may  be  calculated. 
Thus,  0.9722  +  (0.0694  X  3)  s=  1.1804, 
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and  1.1804  -f-  4  is  the  Specific  Gravity  ammoniacal  gas   : 
should  have,  did  its  constituents  suffer  no  contraction ;  v« 
but  as  they  contract  to  one  half,  the  real  Specific  Gravitj 
is  double  what  it  otherwise  would  be,  or  is  0.5M8» 
Now,  if  by  weighing  a  certain  quantity  of  ^mtty^nia^ 
Gas,  the  same  number  is  procured  for  its  SpecHIc  Gr*^ 
vity,  it  follows  that  all  the  elements  of  the  calculation 
must  have  been  correct. 

••  Nitric  oxide  is  composed  of  100  volumes  of  nil 
-f-  100  volumes  of  oxygen,  united  without  any  coot; 
tion,  and  forming,  consequently,  200  volumes,  of  C!^ 
compound.     Its  Specific  Gravity  must,  therefor^  be  ^^ 
mean  of  its  constituents,  or  (1.1111  -f-  0.9722)  -f^ 
==  1.0416.     The  coincidence  of  this  calculated  n^^i 
with  that  determined  by  weighing  the  Gas  itself,  p"'*^_ 
that  all  the  data  are  tnie.     It  is  obvious,  indeed,  ^-x. 
the  calculated  results,  as  being  firee  from  the  unav^^ 
able  errors  of  manipulation,  must  be  the  most  ai 
provided  the  elements  of  the  calculation  may  be  I 

••  Dr.  Henry  has  proved  by  carefiil  analysis  that 
volumes  of  light,  carburetted,  hydrogen  Gas,  a  «s«|^ 
pound  of  carbon  and  hydrogen,  require  200  vnlnmcui  «# 
oxygen  for  complete  combustion ;  that  water  and   <^ 
bonic  Acid  are  the  sole  products ;  and  that  the  latt^ 
amounts  precisely  to  100  volumes.  From  these  data,  Om 
proportions  of  its  constituents  and  its  Specific  Gmjty 
may  be  determined.     For  100  volumes  of  carbonic  Actf 
contain  100  volumes  of  the  vapour  of  carbon,  wbidk 
must  have  been  present  in  the  carburetted  hydngo^ 
and  100  volumes  of  oxygen.     One  half  of  the  oxjfoi 
originally  employed  is  thus  accounted  for,  and  then- 
mainder  must  have  combined  with  hydrogen.    But  100. 
volumes  of  oxygen  require  200  volumes  of  hy4rQKA 
for  combination,  all  of  which  must  likewise  have  bM 
contained  in  the  carburetted  hydrogen.    The  100  f»-. 
lumes  of  light  carburetted  hydrogen    sulnnitted  io 
analysis,  are  hence  composed  of  lOOt  volumes  of  the 
vapour  of  carbon,  and  200  volumes  of  hydrogen. .  lii 
Specific  Gravity  must,  therefore,  be  0.5554,  that  k 
0.4166  (the  Specific  Gravity  of  carbon  vapour) +0.1388^ 
or  twice  the  Specific  Gravity  of  hydrogen  Gas. 

••  Having  ascertained  that  light  carburetted  hydit^ 
Gas  is  composed  of  two  measures  of  hydrogen  to  oM 
of  the  vapour  of  carbon,  it  is  easy  to  calculate  the  pro- 
portion of  its  constituents  in  weight.  For  this  puipoM 
we  need  only  multiply  the  bulk  of  the  Gases  by  thor 
respective  Specific  Gravities.  Thus,  200  X  0.694  is 
13.88,  and  100  X  0.4166  =:  41.66.  Hence,  light  cu- 
buretted  hydrogen  is  composed  by  weight  of 

Carbon 41.66  ....   6 

Hydrogen 18.88  ....    2 

••The  theory  of  volumes  has  very  considerable  analogy 
to  Mr.  Dalton's  law  of  multiple  proportions.  Tlie  for- 
mer is  indeed,  to  a  certain  extent,  a  consequence  of  the 
latter ;  for  if  one  body  unites  with  another  in  several 
proportions,  the  quantities  of  the  variable  ingredieBt 
vrill  stand  in  the  same  relation  to  one  another,  when 
expressed  by  volume,  as  they  do  by  weight.  But  then 
is  one  remarkable  difference.  The  weights  of  the  two , 
elements  of  a  compound  have  no  apparent  dependence 
on  one  another.  Thus,  6  carbon  and  8  oxygen  ibnn 
carbonic  acid  ;  8  oxygen  and  14  nitrogen  form  nitrons 
oxide ;  8  is  no  multiple  by  any  whole  number  of  6 ; 
nor  14  of  8.  But  the  elements  of  a  compound  are 
always  united  by  volume,  in  the  ratio  of  1  to  1,  1  to  2» 
1  to  3,  and  so  on.    This  distinction  is  certainly  verf 
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V  obvtou3 ;  bat  stil!  there  i3  otherwise  such  a  similarity  in 
/  the  two  laws,  that  the  peculiar  nature  of  the  ultimate 
particles  of  Matter  which  ^ives  rise  to  tiie  one  mnst 
surely  be  the  cause  of  the  other.  Tt  is  to  be  hopeil, 
therefore,  that  the  coniiectirig  iinkwill  soon  he  supplied, 
and  one  fact  of  g-reat  interest  has  already  been  deter- 
mined, which  may  nltlmately  be  of  use  in  accounting 
for  this  difiTereiice.  In  the  Vlth  volume  of  the  Annate 
of  Phihsophy,  O,  S.,  Dr.  Frout  published  an  Essay 
On  ihf  Re/aiiun  between  (he  Specific  Gravities  of  Bodies 
in  their  Gmeoun  date  and  the  freights  of  their  Atom», 
in  which  he  showed  that  the  atomic  weights,  or  equi- 
valents of  several  substances,  are  multiples  by  a  whole 
number  of  the  atomic  weight  of  hydrojifen  gns*  Dr, 
Thomson  took  up  this  idea,  and  in  his  recent  admirable 
Treatise  on  the  First  Principles  of  Cketnistri/^  has 
proved  that  it  applies  genei-ally  ;  thatlhe  atomic  weights 
of  nil  the  simple  substances  he  examined  are  not  only 
iDuhiples  by  a  whole  number  of  the  atomic  weight  of 
hydrofi^en,  but  with  very  few  exceptions  of  two  atoms 
of  hydrogen. 

**I)r.   Frout   pointed  out   another   circumstance   of 
much  interest  with  respect  to  this  question,  in  the  Paper 
Bbove  alluded  to.     He  showed  that  in  general  the  Spe- 
cific Gravity  of  a  body  in  its  gaseous  state  may  be  ob- 
tmncd  by  multiplying"  its  atomic  weight  (the  atom  of 
^^ygen  being   taken    as  unity)  by  0,5 55,  or  half  the 
specific  Gravliy  of  oxygen  Gas  ;  and  Dr,  Thomson,  in 
the  VUth  chapter  of  the   Work  just  mentioned,    has 
J»'scussed  the  subject  at  considerable  length.     The  fol- 
■Olving  explanation  will  T  hope  make  the  reason  of  this 
*^*'c  intelligible.     Water  is  composed  of  one  volume  of 
^^ygen  to  two  volumes  of  hydrogen  ;   and  as  Chemists 
^ard  it  as  a  compound  of  one  atom  of  each  element^ 
"»  of  course*  follows  that  one  atom  of  hydrogen  must 
<*Pcupy    twice  the  space  of  an  atom   of  oxygen.     It 
J^otild     be   e^iceedingly   convenient,   did  the   atoms  of 
■tfferent  bodies  occupy   the  same   space  when  In  the 
'Seoiis  form  ;  for  tlien  the  atoms  would  be  represented 
y  volumes,  and  the  numbers  which  express  the  relative 
[^'g*Ht55  of  the  former  would  be  identical  with  the  s^pe- 
S'^'avilles  of  the  gases.     But  it  has  been  already 
11^*^*    that  an  atom  of  oxygen  occupies  one  half  the 
*"^  oFan  atom  of  hydrogen  ;  and  It  follows,  therefore, 
^^•-     llic  Sped  tic   Gravity  of  the  former  Gas  must  be 
^s  great  as  it  would  be,  did  it  occupy  the  same 
^^^   as  the  latter.     Hence  the  rule, 

1  :  0.125  ::  0.555 j  :  0.0694, 

^^*Jich  1  is  the  atomic  weight  of  oxygen  ;  0.125  the 

otYii^  weight  of  hydrogen;  0.5555  half  the  Specific 
l**^vity  of  oxygen  Gas;  and  0*0694  the  fourth  propor- 
"  J^^K  the  Specific  Gravity  of  hydrogen, 
-  ^  Tlie  atoms  of  several  other  substances  besides 
gJ*Jrogen,  occupy  in  the  gaseous  state  twice  the  space 
t  ^n  atom  of  oxygen  ;  indeed,  as  far  as  is  yet  known, 
..J  *"y  simple  substance,  thongh  naturally  solid,  is  In 
Q  **^       condition,    besides    the   majority   of    compound 


twice 


ll^  -^s  ;  and  in  all  such  Instances  it  is  easy  to  calcolate 
^*  ^F^ecific  Gravity  of  a  body,  by  multiplying  its  atomic 
'\Slit  by  0,5555,  or  half  the  Specific  Gravity  of  oxygen. 
^^  mle  applying  only  when  the  weigjit  of  the  atom 
^^^pressed  according  to  llie  oxygen  scale.  If  hydro- 
-  «^  ne  represented  by  unity,  then  the  rule  is  to  multiply 
"^^555  by  the  atomic  weight  of  the  body,  and  divide  by 
•   ^^le  atomic  weight  of  oxygen. 

**  U  appears  at  first  sight  to  be  an  easy  matter  to 
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make  the  atoms  and  volumes  of  bodies  correspond  to 
one  another ;  and  that  it  might  be  eflected  by  consider-  ' 
ing  water  as  a  compound  of  an  atom  of  oxygen  -f  two 
atoms  of  hydrogen.  Sir  U.  Davy  has  accordingly  done 
so  in  his  Elenient^s  of  Chemical  Philosophy,  and  the  atom 
of  oxygen  will,  therefore,  be  16,  while  that  of  hydrogen 
is  unity.  But  the  inconvenience  arising  from  this 
practice  is  far  greater  than  the  evil  it  was  Intended 
to  remedy.  For  on  this  snpposition,  sulphuretted 
hydrogen  must  be  held  as  an  atom  of  sulphur  with 
two  atoms  of  hydrogen,  while  it  is  composed  of  one 
volume  of  each  of  its  constituents.  Muriatic  Acid 
Gas  would  consist  of  one  atom  of  chlorine,  and  two 
atoms  of  hydrogen,  though  formed  of  one  volume  uf 
each  Gas.  The  same  remark  applies  to  Hydriodic  Acid, 
Hydrocyanic  Acid,  and  most  other  compound  Gases 
containing  hydrogen. 

"  The  retison  of  this  is  that  the  atoms  and  volumes 
of  all  the  simple  Gases,  (oxygen  excepted,)  and  many 
compound  ones  also,  according  to  the  received  system, 
correspond  with  one  another.  Sulphuretted  hydrogen 
is  composed  of  one  volume  or  one  atom  of  sulphur  to 
one  volume  or  one  atom  of  hydrogen.  Muriatic  Acid, 
is  composed,  in  like  manner,  of  one  volume  or  one  atom 
of  each  of  its  constituents.  Light  carbnretted  hydro- 
gen is  Q  compound  of  two  volumes  of  hydrogen  to  one 
volume  of  the  vapour  of  carbon,  or  of  two  atnms  of 
hydrogen  to  one  of  carbon,  All  this  advantage  is  lost 
by  regarding  water  as  a  compound  of  two  atoms  of 
hydrogen  to  one  of  oxygen  ;  and  this  forms  a  sufficient 
reason  for  not  adopting  the  method  of  Sir  H.  Davy." 

On  the  Theory  of  Berzeliiis, 

(118.)  **  It  is  well  known  that  the  celebrated  Pro- 
fessor of  Stockholm  haw  for  many  years  devuteil  himself 
to  the  study  of  the  laws  of  definite  proportions,  and 
that  he  has  been  led  to  form  a  peculiar  hypothesis,  by 
way  of  generalizing  the  facts  which  his  industry  had 
collected.  To  give  a  detailed  account  of  his  system 
does  not  fall  within  the  plan  of  this  Work ;  to  treat  of 
the  atomic  theory  without  alluding  to  the  labours  of 
Berzelius,  would^  on  the  other  hand,  be  inexcusable : 
a  middle  course  wiil  here  be  adopted  by  stating  briefly 
the  principal  opinions  of  that  eminent  Chemist,  offering 
at  the  same  time  a  few  comments  tipon  them, 

*'  Berzehus  infonns  us  in  the  Historical  introduction 
1o  his  Treatise  on  the  Theory  of  Definite  Proportions^ 
that  he  commenced  his  reaearclies  on  the  subject  in  the 
year  1807;  and  that  they  originated  in  the  study  of 
the  Works  of  Richter.  From  Richler  s  explanation  of 
the  fact,  that  when  two  neutral  Salts  decompose  one 
another^  the  resulting  compounds  are  likewise  neutral, 
he  perceived  that  one  good  analysis  of  a  few  Salts 
would  furnish  the  means  of  calculating  the  composition 
of  all  others.  He  accordingly  entered  upon  an  inquiry, 
which  was  at  fust  limited  in  its  object ;  but  as  he  pro- 
ceeded, his  views  enlarged,  and  advancing  from  one 
step  to  another,  he  at  length  set  about  determining  the 
laws  of  combination  in  general.  In  perusing  his 
account  of  the  investigation,  we  are  at  a  loss  whether 
most  to  admire  the  number  of  exact  analyses  which  he 
performed,  the  variety  of  new  facts  he  determined,  his 
acuteness  in  detecting  sources  of  error,  his  ingenuity 
in  devising  new  analytical  processes,  or  the  persevering 
industry  which  he  displayed  in  every  part  of  the  incpiiry* 
But  it  is  at  the  same  time  impossible  to  suppress  regrei« 
that  instead  of  forming  a  complex  system  of  his  own, 
4p 
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Cbrauttry.  he  did  not  adopt  the  simple  views  of  Mr.  Daltan. 
\^»^^i^  This  he  might  have  done  with  very  great  propriety ; 
since  the  fundamental  laws  which  he  discovered,  arc, 
with  very  little  exception,  either  identical  with  those 
previously  pointed  out  by  the  British  Philosopher,  or 
are  the  direct  result  of  their  operation. 

**  Berzelius  assumes  with  Dalton  the  existence  of 
ultimate  indivisible  atoms,  to  the  combination  of  which 
with  one  another  the  laws  of  Chemical  proportion  are 
'Owing. 

"  The  first  law  of  Beraelius  b  the  following :  *  One 
atom  of  one  element  unites  with  1,  2, 3,  or  more  atoms 
of  another  element'  This  is  the  grand  law  of  Mr. 
Dalton,  and  requires  no  comment,  further  than  that  it 
.has  been  amply  confirmed  by  the  labours  of  Berzelius. 
The  second  is,  that '  two  atoms  of  one  element  combme 
with  three  atoms  of  another.'  These  are  the  two  laws 
which  regulate  the  union  of  simple  or  elementary 
atoms. 

**  The  combination  of  compound  atoms  with  each 
other  obeys  another  law,  and  is  confined  within  still 
narrower  limits.  *  Two  compounds  which  contain  the 
same  electronegative  body,  always  combine  in  such  a 
manner  that  the  electronegative  element  of  one  is  a 
multiple  by  a  whole  number  of  the  same  element  of 
the  other.'  Thus,  for  instance,  if  two  oxidized  bodies 
unite,  the  oxygen  of  one  is  a  multiple  by  a  whole  num- 
ber of  the  oxygen  in  the  other.  Various  examples 
may  be  given  of  this.  The  hydrate  of  potash  is  com- 
posed of 

Potash  48,  the  oxygen  of  which  is  8. 
Water     9,  the  oxygen  of  which  is  8. 

**  In  like  manner,  if  two  Acids  or  two  oxides  combine 
the  same  will  be  observed. 

"  In  the  earthy  minerals  which  contain  several 
oxides,  the  same  law  is  found  to  prevail  with  great  uni- 
formity. 

**  The  composition  of  the  Salts,  likewise,  is  under  its 
influence.  Carbonate  of  potash,  for  example,  is  com- 
posed of 

Carbonic  Acid  22,  the  oxygen  of  which  is  16. 
Potash 48,  the  oxygen  of  which  is    8. 

And  sulphate  of  potash  of 

Sulphuric  Acid  40,  the  oxygen  of  which  is  24. 
Potash 48,  the  oxygen  of  which  is    8. 

"  Berzelius  has  remarked  that  the  nitrates,  phos- 
phates, and  arseniatet,  may  prove  exceptions  to  the  law 
in  some  instances.  There  is  also  a  similar  relation  in 
SalU  which  contain  water  of  crystallization,  between 
the  oxygen  of  the  base  of  the  Salt  and  that  of  the 
water.  For  instance,  crystallized  sulphate  of  soda  is 
composed  of 

Sulphuric  Acid  40. 

Soda    32,  the  oxygen  of  which  is    & 

Water 90,  the  oxygen  of  which  is  80. 

'*  Double  Salts  are  also  influenced  by  the  same  law. 
In  the  tartrate  of  potash  and  soda,  for  example,  the 
oxygen  of  Uie  potash  is  exactly  equal  to  the  oxygen  in 
the  soda;  and  the  oxygen  in  the  tartaric  Acid,  which 
neutralizes  the  potash,  is  equal  to  that  of  the  soda. 

'*  But  this  is  not  all  that  Berzelius  has  remarked  with 
respect  to  the  constitution  of  the  Salts.  He  observes, 
that  in  each  series  of  Salts  the  same  relation  always 


exists  between  the  oxygen  of  the  Acid  and  of  the  base.  J 
In  all  the  neutral  sulphates  this  ratio  is  as  three  lo  oae;  V 
as  may  be  seen  in  the  sulphates  of  auda  and  potedi. 
In  the  carbonates,  the  oxygen  of  the  Add  is  doiiUi; 
and  in  the  bicarbonates  quadruple  the  oxygen  of  Ae 
base. 

'*  The  existence  of  tiiese  remarkable  lawa  wee  db- 
covered  by  Berzelius  at  a  very  early  period  of  hit  i^ 
searches ;  and  he  mentions,  that  as"  subsequenft  <A^l 
vation  during  the  course  of  several  yean  hat  m 
afforded  a  single  exception  to  them,  iie  now  ngmk 
them  as  universaL  Ue  acoordiug^y-placee  unUmitedcM. 
fidence  in  their  accuracy,  and  is  in  the  oonstanthiMtrf 
calculating  the  eomposition  of  bodies  on  this  pria^ 

*'  It  will,  of  course,  be  interesting  to  ioquiie  hto 
the  cause  of  these  phenomena;  to  aaoertain  ifikmk 
any  property  peciuiar  to  oxygen,  or  other  a^iiit 
electrics,  which  might  give  rise  to  them.  Beorihi 
himself  says,  that '  the  cause  is  involved  la  snoh  4t^ 
obscurity,  that  it  is  impossible  at  the  pceaent  asiMt 
to  give  a  probable  guess  at  it.'  I  (says  Dr.  Turaa)iai» 
the  misfortune  to  differ  entirely  firom  Bendiusea  tUi 
question.  So  far  jfrom  being  obscure,  it  is  nvtkiA} 
intelligible,  and  is  precisely  what  might  have  bsMai- 
ticipated  firom  the  present  state  of  Chemical  knovii^ 
Host  of  the  Salts  called  neutral  sulphates,  are  «» 
posed  of  one  proportion  or  one  atom  of  8ii|plHie 
Acid,  and  one  atom  of  some  peroxide.  This  ii  Ai 
case  with  all  the  alkaline  and  earthy  ulphals,  «d 
with  several  of  the  common  metals,  as  lead,  sae,mi 
iron.    Now  an  atom  of  sulphuric  Acid  is  compoMd  rf 

Sulphur  ..    16 1  atom. 

Oxygen    . .   24 8  atoms. 

And  every  protoxide  of 

Metal I  atom. 

Oxygen 8 1  atom. 

"  Hence  a  number  of  laws  may  be  deduced,  triiflb 
must  hold  in  every  sulphate  of  a  protoxide. 

''L  The  oxygen  of  the  Addis  a  multiple  of  tkift  ii 
the  base 

"  2.  The  Add  contains  three  times  aa  muchosygMii 
the  base. 

'*  3.  The  sulphur  of  the  Acid  is  just  douUe  the  of- 
gen  of  the  base. 

**  4.  The  Acid  itself  is  five  times  as  mudi  as  thettf 
gen  of  the  base. 

'*  Metallic  sulphurets  are  frequently  composed  oT  an 
atom  of  each  element ;  and  should  oxidation  ensue,  so 
that  the  sulphur  is  converted  into  sulphuric  Add,  Hid 
the  metal  into  a  protoxide,  diey  will  be  in  the  end 
proportion  for  forming  a  neutral  sulphate.  Benriki 
has  proved  by  analysis  that  this  h^pens  fi«quentlj,«d 
he  is  disposed  to  convert  it  into  a  general  law. 

"  Again,  the  carbonates  are  composed  of  oaeatonef 
carbonic  Acid,  and  one  atom  of  some  protoxide ;  bat  an 
atom  of  carbonic  Acid  is  composed  of 

Carlxm....     6  ....    1  atom. 

Oxygen    .,16 2  atoma. 

And  every  protoxide  of 

Metal 1  atom. 

Oxygen 8 1  atom. 

**  It  is  inferred,  therefore,  that  in  all  the  carbonate, 
the  oxygen  of  the  Acid  is  exactly  double  that  of  the 
base ;  and  the  same  mode  of  reasoning  is  applieaUe 
to  the  various  genera  of  Salts.     These  few  examples 
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}erve  to  show,  that  what  seemed  so  obscure  to 
iliuSy  is  rendered  quite  obvious  by  the  Daltonian 
ad.  We  perceive,  moreover,  that  no  constant 
can  exist  between  the  quantity  of  the  oxide  and 
if  the  Acid,  or  oxygen  of  the  Acid ;  and  the  reason 
cause  the  atomic  weights  of  the  metals  are  differ- 
Btit  this  view  of  the  subject  answers  another 
1  purpose  ;  it  enables  us  to  see  whether  the  law  of 
illus  is  or  is  not  universal.  The  observations  made 
is  subject  by  Dr.  Thomson  in  his  First  Principles, 
)  much  to  the  point  that  they  are  here  grven  in  his 
^ords. 

Befbre  concluding^  these  general  observations,'  says 
liomson,  '  I  may  say  a  few  words  on  Berzelius's 
that  in  all  Salts  die  atoms  of  oxygen  in  the  Acid 
Itute  a  multiple  by  a  whole  number  of  the  atoms 
.ygen  of  the  base.  This  law  was  founded  upon 
rst  set  of  exact  analyses  of  neutral  Salts  which  Ber- 
I  made.  Now,  as  neutral  Salts  in  general  are  com- 
ions  of  an  atom  of  a  protoxide  with  an  atom  of 
rid,  it  is  obvious  that  the  atoms  of  oxygen  in  the 
mast  in  all  such  Salts  be  multiples  of  the  atom  of 
m  in  the  base ;  because  every  whole  number  is  a 
pie  of  unity.  Neutral  Salts,  therefore,  are  not  the 
of  Salts  by  means  of  which  the  precision  of  this 
>8ed  law  can  be  put  to  the  test' 
ILren  in  the  subsalts,  composed  of  one  atom  of 
united  to  two  atoms  of  base,  it  is  obvious  enough 
lie  law  will  hold  whenever  the  Acid,  combined  with 
ase,  happens  to  contain  2  or  4,  or  any  even  num- 
»f  atoms,  because  all  even  numbers  are  multiples 
Now  this  is  the  case  with  the  following  Acids : 

phoric.  Nitrous.  Antimonic.  Citric, 

^nic  Titanic.  Mangauesic.  Saclactic. 

:ic.  Arsenious.  Molybdous.  Chromous. 

loroufl.  Selenic.  Uranitic. 

eqnently  the  law  must  hold  good  in  all  combinar 
of  1  atom  of  these  Acids  with  2  atoms  of  base, 
in  the  case  of  all  these  Adds  which  contain  only 
IB  of  oxygen,  all  the  subsalts  composed  of  one 
of  the  Acid  united  to  2  atoms  of  the  base,  the 
rill  also  in  some  sort  hold ;  for  the  atoms  of  the 
sffin  rach  Acids  being  1,  this  number  will  always 
submultiple  of  2,  the  number  of  atoms  of  oxygen 
itoms  of  base.  This  is  the  case  with  the  following 
I. 

Silicic.  Hyposulphurous. 

Phosphorous.         Oxide  of  Tellurium 

1 18  only  in  the  subsalts  of  Acids  containing  an  odd 
ler  af  atoms  of  oxygen,  that  exceptions  to  the  law 
miaL  It  is  to  them,  therefore,  that  we  must  have 
nPM  when  we  wish  to  determine  whether  this  em- 
il  law  of  Berzelius  be  (bunded  in  Nature  or  not. 
there  are  13  acids,  the  integrant  particles  of  which 
in  an  odd  number  of  atoms  of  oxygen.  The  fol- 
gTbble  exhibits  the  names  of  these  Acids,  together 
the  number  of  atoms  of  oxygen  in  each. 

Iphuric  Acid. ...  3  Acetic  Acid 3 

senic  Acid 8  Succinic  Acid 3 

roraic  Acid  ....  3  Benzoic  Acid  ....  3 

ilybdic  Acid 3  Nitric  Acid 5 

ingstic  Acid  ....  3  Tartaric  Acid  ....  5 

Lalic  Acid 3  Hyposulphuric  Acid2j 

irmic  Acid 3 

3r.  Thomson  informs  us  that  the  number  of  sub- 


salts  he  haA  examined  is  exceedingly  small,  because  his  Vut  H. 
*  object  was  not  to  investigate  the  truth  of  Berzelius's 
law,  but  to  determine  the  quantity  of  water  of  crystalli- 
zation which  the  Salts  contain.'  He  observes  that  *  it 
would  certainly  be  a  most  remarkable  circumstance  if  2 
atoms  of  any  protoxide  were  incapable  of  combining 
with  1  atom  of  any  of  the  13  Acids  in  the  preceding 
list.'  Dr.  T.  adduces  seven  instances  in  which  this 
does  happen,  three  of  winch  are  completely  in  point, 
being  a  subsulphate  of  alumina,  a  subacetate  of  lead,  and 
a  subacetate  of  copper :  and  he  is  *  persuaded  that 
many  more  will  be  discovered  whenever  the  attention 
of  Chemists  is  particularly  turned  to  the  subsalts.'  He 
also  mentions  other  kinds  of  Salts,  in  regard  to  which, 
for  equally  obvious  reasons,  the  law  cannot  and  does 
not  hold. 

**  These  extracts  will  suffice  for  placing  the  law  of 
Berzelius  in  its  true  light ;  for  showing  that  it  is  a 
direct  consequence  of  the  general  operation  of  the  laws 
of  definite  proportion :  and  that  we  must  expect  to  find 
some  exceptions  to  his  law,  derived  from  the  very  cause 
which  gives  rise  to  it.  It  is  to  be  hoped  that  Berzelius 
will  take  the  remarks  of  Dr.  Thomson  into  mature 
consideration,  by  which  he  will  probably  perceive  that 
his  favourite  canon  is  not  so  universal  as  he  imagines, 
and  be  led  to  avoid  the  errors  to  which,  from  an  indis^ 
criminate  employment  of  it,  both  himself  and  his  pupils 
might  otherwise  be  exposed. 

**  That  part  of  the  law  which  applies  to  the  combined 
water  is  likewise  more  than  doubtful.  When  the  base 
contains  2  atoms  of  oxygen,  and  an  uneven  number  of 
atoms  of  water  are  present,  it  cannot  be  correct.  When 
the  base  contains  3  atoms  of  oxygen,  the  law  would 
not  apply  whenever  there  chanced  to  be  2,  4,  8,  or  10 
atoms  of  water.  When  the  base  has  only  I  atom  of 
oxygen,  then  it  must  hold  for  obvious  reasons.  When 
the  base  has  1^  atom  of  oxygen,  the  law  can  only  be 
true  when  3,  6,  9,  or  12  atoms  of  water  are  in  combi- 
nation. With  1,  2,  4,  5,  7,  8,  or  10  it  must  fail.  The 
hydrate  of  the  peroxide  of  iron  is  an  exception  of  this 
kind,  and  similar  ones  are  to  be  looked  for  among  the 
crystallized  Salts  of  the  peroxide. 

"  An  admirable  attempt  has  been  made  within  this 
few  years  to  determine  the  atomic  constitution  of  mine- 
rals, in  which  Berzelius  has  highly  distinguished  him- 
self. The  composition  of  minerals  must  of  course  be 
influenced  by  the  usual  laws  of  combination,  though 
there  are  sometimes  obstacles  in  the  way  of  discovering 
it.  In  the  compounds  made  artificially.  Chemists 
possess  the  power  of  having  each  constituent  perfectly 
pure ;  but  unfortunately  we'  cannot  always  command 
the  same  condition  with  respect  to  natural  productions. 
The  materials  of  which  a  mineral  is  composed,  once 
formed  a  part  of  some  heterogeneous  fluid  or  semi- 
fluid mass,  and  in  assuming  ihe  solid  form  are  very 
likely  to  have  enclosed  within  them  some  substance, 
which.  Chemically  considered,  does  not  form  a  part  of 
the  mineral.  The  result  of  Chemical  analysis,  accord- 
ingly, does  not  always  give  us  a  view  of  the  actual 
constitution  of  a  mineral  species ;  some  substances  are 
Often  detected  which  are  foreign  to  it,  and  the  Chemist 
must  exercise  his  judgment  in  determining  what  is  and 
what  is  not  essential.  Now  nothing  is  so  well  cal- 
culated to  direct  him  as  a  knowledge  of  the  laws  of 
combination  :  but  as  a  great  discretionary  power  is  in 
his  hands,  it  is  important  that  his  mode  of  investigation 
should  be  the  simplest  possible,  and  that  his  rules 
4p2 
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Chemistrj^  should  be  founded  on  well-established  principles,  which 
^  ^v  — ^  involve  nothing  hypothetical.  It  is  but  verj-  lately  that 
due  care  has  been  bestowed  in  selecting  sufBciently  pure 
specimens  for  examination,  or  in  performing  the  analyses 
themselves  with  the  precision  necessary  for  determining 
the  Chemical  constitution  of  minerals.  It  were  much 
to  be  wished  that  our  first  essays  in  this  difficult  field 
should  be  confined  as  much  as  possible  lo  such  minerals 
as  contain  but  few  substances,  and  which  occur  in  dis- 
tinct transparent  crystals. 

"We  are  indebted  to  Berzelius  for  this  mode  of 
studying  the  composition  of  minerals ;  and  certainly  if 
skill  in  analytical  investigation  could  encourage  any  one 
to  make  the  attempt,  none  could  undertake  it  with 
greater  chance  of  success  than  the  indefatigable  Pro- 
fessor of  Stockholm.  Unfortunately  his  theoretical 
views  are  unnecessarily  complex,  and  I  much  doubt, 
for  reasons  already  stated,  if  his  ruling  law  about  mul- 
tiples of  oxygen  deserves  the  confidence  he  bestows 
upon  it.  It  will  not,  I  am  convinced,  be  adopted  by 
the  Chemists  and  Mineralogists  of  this  Country,  and  I 
am  much  mistaken  if,  notwithstanding  the  great  repu- 
tation of  its  author,  it  stand  its  ground  long  upon  the 
Continent.  To  give  a  particular  description  of  his 
method  is  foreign  to  our  purpose,  but  the  reader  will 
find  an  able  account  of  it  in  the  IXth  volume  of  the 
Annals  of  Philosophy,  New  Series,  by  Mr.  Children/' 
(n) 

(119.)  The  early  Chemical  writers  were  accustomed 
to  represent  ell  the  elementary  bodies  by  certain  sym- 
bols, arbitrarily  adopted,  and  by  combinations  of  these 
they  also  expressed  the  compound  substances.  Should 
curiosity  lead  any  one  to  examine  this  matter,  we  refer 
him  to  Bergman's  Work  on  Elective  Aitmxitions. 

Professor  Berzelius  has  adopted  a  method  in  some 
respects  similar,  but  in  a  greatly  improved  form,  more 
suited  to  the  present  state  of  our  Science.  His  funda- 
mental symbols  are  formed  by  adopting  the  initial  or 
leading  letters  which  commence  the  Latin  name  of  eacli 
substance ;  and  by  the  help  of  figures  and  points, 
placed  like  indices  over  these  symbols,  he  represents 
the  atomic  constitution  and  the  degree  of  oxidation  of 
each  substance.  It  was  our  original  intention  to  have 
given  a  statement  of  his  method,  but  we  fear  that  want 
of  space  may  prevent  us  from  so  doing.  We,  therefore, 
for  the  present  must  refer  our  readers  to  his  Essai  sur  la 
Theorie  des  Proportions  Chimiques,  Paris,  IB  19,  or  to 
Mr.  Children's  analysis  above  quoted ;  but  should  we 
find  sufficient  space,  the  symbols  themselves  shall  be 
given  in  a  Tabular  form  at  the  end  of  this  Treatise. 

(120.)  It  only  now  reipains,  before  we  proceed  to 
the  Chemical  properties  of  bodies,  that  we  should  pre- 
sent a  diagram  of  the  method  according  to  which  each 
element,  whether  ultimate  or  proximate,  will  be  con- 
sidered. 

A.  History  of  discovery,  and  natural  state. 

B.  How  obtained  pure;  its  constitution  if  a  com- 
pound. 

C.  Physical  properties. 

D.  Mutual  action  with  oxygen. 

E.  Mutual  action  with  chlorine. 

F.  Mutual  action  with  fluorine. 

G.  Mutual  action  with  iodine. 

H.  Mutual  action  with  the  nonmetallic  electro-posi- 
tive elements. 

I.  Mutual  action  with  the  metallic  electro-positive 
^h>inents. 


K.  Mutual  action  with  ^^^^^^  y^ 

L.  Mutual  action  with  reagents,  or  distinctive  pro- 
perties. 

M.  Uses  in  Medicine  and  the  Arts. 

It  will  be  obvious  that,  by  a  constant  use  of  the  above 
letters,  simplicity  of  reference  will  be  obtained,  and  lOr 
petitions  or  confusion  will  be  avoided. 

Bromine  is  not  inserted  in  the  above  scheme,  in  con- 
sequence of  the  little  that  is  at  present  known  of  tti  ^ 
mutual  action  with  other  bodies. 
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CHAPTER  II. 

Non-Metallic  (^Electronegative?)  Elements. 

Of  the  five  substances  that  come  under  the  tbo«  q^^ 
denomination,  the  two  first,  oxygen  and  chlorine,  wlwi 
quite  pure,  are  seen  only  in  the  gaseous  form  at  all 
temperatures  with  which  we  are  acquainted ;  thooj^ 
under  strong  pressure,  the  latter  is  a  liquid.  Fluorine 
has  not  as  yet  been  exhibited  in  an  independent  fonm 
while  iodine  and  bromine  are  solid,  liquid,  or  g&MOVik 
according  to  the  temperature  at  which  we  examine  thA 
properties. 

§  I. --^ Oxygen. 

(121.)    A.  Oxygen  Gas  may  be  said  to  have  bett 
first  discovered  by  Dr.  Priestley,  for  on  the  Ist  of  Ath 
gust,  1794,  he  obtained  it  by  exposing  the  red  oxide  m 
mercury  to  the  heat  produced  by  condensing  the  iaj» 
of  solar  light  in  the  focus  of  a  lens.     Thus  separated 
he  examined  its  properties,  and  named  it  dephlogift- 
ticated  air.     In  the  year  following,  Scheele,   wikhoat 
being  aware  of  Priestley's  discovery,   obtained  it  bj 
other  methods;  and  by  Lavoisier,  who  undertook  a 
further  examination  of  its  properties  iU  present  name 
of  oxygen  was  proposed. 

Although  the  word  Oxygen  stands  at  the  head  of 
this  section,  we  are  unable  to  speak  of  oxygen  in  its 
simple  state.  It  has  never  yet  been  seen  other  than  In 
the  gaseous  form,  when  it  is  supposed  to  consist  of  the 
true  base,  oxygen,  united  with  caloric.  When  in  com* 
bination  it  frequently  loses  that  form  and  then  becomes 
a  constituent  part  of  solid  or  liquid  substances.  It  b 
well  to  bear  in  mind  this  distinction  between  oxygen 
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^gen  Gas,  though  the  terms  are  frequently  made 
indiscriminately;  this  would  not,  however,  be 
e  were  caloric  a  ponderable  body,  for  now  we 
y,  that  oxide  of  zinc  consists  of  425  parts  (by 
)  of  metal  united  with  100  parts  of  oxygen,  or 
ren  Gas  indifierently. 
^n  exists  in  its  g^eous  state  as  a  constituent 

the  atmosphere :  forming  that  portion  which  is 
il  to  animal  life  and  to  combustion.  Of  almost 
)nn  and  kind  of  matter  which  surrounds  us  it 
in  ingredient.  Its  compounds  are  more  nume- 
id  diversified  than  those  of  any  other  substance 
fhieh  we  are  acquainted.  It  produces  most 
il  effects  in  changing  the  properties  of  other 

bodies  with  which  it  combines.  Thus  when 
to  azote  in  one  pro))ortion  it  forms  the  genial 
breathe.  Mild  and  salutary  as  are  the  properties 
well-known  substance,  yet  if  the  proportions  of 
ibining  bodies  be  changed  we  have  a  powerful 
Acid — the  nitric,  capable  of  dissolving  metals 
Ing  as  an  escharotic  on  living  animal  bodies. 
ig  a  part  of  every  earth  we  tread  upon,  and  of 
egetable  we  see  around  us;  and  when  com- 
rith  another  gaseous  body,  hydrogen,  it  forms 

an  important  and  essential  form  of  food  to  all 
iial  and  vegetable  creation. 
.)    B.    There  are  several    methods  by   which 

Gas  may  be  obtained  for  experimental  pur- 

riestley's  mode  already  described,  (a.) 
:heele  obtained  it  by  the  distillation  of  nitre, 
ethod  is  still  at  times  resorted  to,  but  such  oxy- 
lot  very  pure.  A  pound  of  nitre  thus  distilled 
earthen  retort,  at  a  red  heat,  will  yield  about 
ibic  inches  of  Gas.  (6.) 

:heele  also  obtained  it  from  a  mixture  of  black 
f  manganese  and  sulphuric  Acid.  In  this  pro- 
Nirts  of  manganese  may  be  mixed  with  3  parts 
huric  Acid,  in  a  glass  retort,  and  the  Gas  may 
ngaged  by  the  heat  of  an  Argand's  lamp, 
avoisier,  who  had  been  informed  by  Priestley  of 
i  researches,  expelled  the  oxygen  from  red  oxide 
ury  by  heating  it  in  a  retort ;  and  described  his 
to  the  Royal  Academy  in  1755. 
he  hemideutoxide  of  lead,  minium,  or  red  lead 
nerce,  gives  out  pure  oxygen  Gas  by  the  appli- 
»f  heat  and  is  converted  into  the  protoxide, 
cygen  Gas  is,  however,  obtained  most  plentifully 
crimen tal  purposes,  by  placing  any  quantity  of 
nmon  black  oxide  of  manganese  in  an  iron 
r  bottle  having  a  tube  passing  from  it  into  a 
ter;  this  retort  is  placed  in  a  fire,  so  as  to 
a  moderate  red  heat,  when  the  oxygen  Gas  is 
i  in  considerable  quantity. 
lit  should  the  Gas  be  required  of  g^eat  purity  it 
I  to  put  a  small  quantity  of  the  chlorate  of 
into  a  glass  retort,  and  to  ap))ly  cautiously  a 
>derate  lamp  or  sand  heat.  The  Salt  first  fuses 
n  g^dually  parts  with  a  considerable  quantity 
pure  oxygen  Gas.  In  this  case  the  oxygen  is 
ged  from  the  chloric  Acid,  which  > consists  of  that 
ce  and  chlorine ;  and  also  from  the  potash,  which 
of  oxygen  and  potassium  ;  so  that  dry  chloride 
ssium  is  the  sole  residuum  found  in  the  retort, 
ire  is  necessary  in  this  process,  especially  if  a 
lass  retort  be  employed :  as  the  alkaline  matter 
?s  yfiih  the  glass  and  the  bottom  of  the  retort 


gives  way.  For  this  reason  it  is  advantageous  to  em- 
])loy  a  sand-bath  in  which  the  retort  may  be  safely  sup- 
ported. 

(123.)  C.  Oxygen  Gas  thus  obtained  has  the  follow- 
ing  physical  properties.  It  is  without  colour.  It  fol- 
lows the  general  laws  applying  to  all  gaseous  matter 
with  regard  to  pressure  and  temperature.  (76,  and  82.) 
It  is  heavier  than  common  air,  its  Specific  Gravity  re- 
ferred to  that  substance  being  1.1111.  As  100  cubic 
inches  of  dry  atmospheric  air,  thermometer  60°  Fah- 
renheit, barometer  30  inches,  weigh  80.5  troy  grains, 
according  to  Sir  G.  Shuckburgh,  if  the  above  Specific 
Gravity  be  correct,  (and  it  rests  upon  the  reasoning  of 
the  accurate  Dr.  Prout,  confirmed  by  the  experiments 
of  Professor  Thomson,)  the  same  volume  of  oxyu:en, 
iisdem  positis,  will  weigh  33.888  grains.  It  has  neither 
smell  nor  taste.  By  a  sudden  and  violent  condensation 
oxygen  Gas  emits  both  light  and  heat  All  Gases  thus 
evolve  heat  upon  condensation,  but,  according  to  M. 
Saissy,  oxygen,  chlorine,  and  common  air  are  the  only 
Gases  that  emit  light  under  these  circumstances.  Of 
these  oxygen  emits  the  most,  then  chlorine,  and,  lastly, 
air.  Of  all  Gases,  oxygen  has  the  least  refractive  power 
upon  light.  If  the  refractive  power  of  air  be  1,  that  of 
oxygen  is  0.86 16.  Oxygen  is  more  strongly  electronega- 
tive than  any  other  body  at  present  known.  When  dis- 
engaged from  all  other  substances  in  Nature  by  Voltaic 
electricity,  it  and  its  compounds  invariably  go  to  the 
positive  pole  of  the  pile. 

When  oxygen  Gas  is  lefl  in  contact  with  water  the 
quantity  of  Gas  absorbed  is  scarcely  perceptible  ;  but 
Dr.  Henry  found  that  100  cubic  inches  of  water,  which 
had  been  freed  from  all  air  by  boiling  and  the  air-pump, 
would  absorb  3.55  inches  of  Gas.  (c.)  Saussure  esti- 
mated that  100  cubic  inches  would  absorb  6.55  cubic 
inches  of  Gas,  (d,)  but  Dal  ton  considers  the  former 
estimate  much  more  accurate,  (e.) 

(124.)  E.  See  chlorine,  sect.  2.  reference  D. 

(125.)  F.  See  fluorine,  sect.  3.  ref.  D. 

(126.)  G.  See  iodine,  sect.  4.  ref.  D. 

(127.)  H.  Oxygen  unites  with  all  the  substances 
falling  under  this  division :  it  forms  compounds  of  very 
varied  properties.  With  hydrogen  it  forms  water, 
chap.  iii.  sect.  2.  subsect.  1.  With  azote  it  forms  atmo- 
spheric air  and  some  strong  Acids,  chap.  iii.  sect.  8. 
subs.  1,  2,3,4,  and  5.  With  sulphur  it  forms  Acids, 
chap.  iii.  sect.  6.  subs.  1,  2^  3,  and  4.  With  selenion  it 
forms  a  gaseous  oxide,  chap.  iii.  sect.  7.  subs.  1.  With 
phosphorus  it  forms  acids,  chap.  iii.  sect.  5.  subs.  1  and 
2.  With  carbon  it  forms  an  oxide  and  an  Acid,  chap» 
iii.  sect.  3.  subs.  1  and  2.  With  boron  it  forms  an 
Acid,  ch.  iii.  sect.  4.  subs.  1.  And  with  silicon  it  forms 
a  compound  which  on  the  whole  may  be  considered  as 
having  acid  properties,  chap.  iii.  sect.  1.  subs.  1. 

(128.)  I.  With  the  metals  oxygen  invariably  unites. 

In  some  cases  in  one  proportion  only ;  in  others  in 
two  or  more  proportions.  Sometimes  it  is  held  by  a 
strong  affinity,  sometimes  the  affinity  is  of  the  feeblest 
possible  kind.  From  some  of  these  unions  with  the  metals 
we  obtain  Alkalis ;  from  others  Earths ;  and  from  others 
Acids.  These  properties  will  be  considered  in  each, 
individual  case  under  the  metals,  respectively,  but  as 
general  views  on  this  subject  are  of  fundamental  im» 
portance,  we  offer  the  following  general  summary  by  M. 
Thenard. 

'*  The  phenomena  which  oxygen  Gas  presents  when 
in  contact  with  metals  are  of  such  importance  as  ta. 
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'  demand  our  utmost  attoitioD.  We  ou^  to  examine 
all  those  causes  which  may  conduce  to  their  production, 
and  register  the  effects  respectively  produced  by  them. 
These  causes,  independent  of  affinity*  arise  principally 
from  the  hygrometric  state  of  the  oxygen  Gas,  and  from 
temperature. 

^  Dry  oxyg^  Gas  at  ordinary  temperatures  is  absorbed 
by  potassium  ;  and  hence  we  might  be  led  to  conclude 
that  it  would  be  also  absorbed  by  barium,  lithium^ 
strontium,  calcium,  and  by  the  metals  of  the  ftrst  sec- 
tion ;  (t.  e,  those  of  our  chap.  \y,  class  1.)  but  at  the 
same  temperature  it  is  not  absorbed  by  sodhim,  nor  by 
any  of  the  metals  belonging  to  the  last  four  sections. 
A  certain  elevation  of  temperature  favours  this  action 
prodigiously ;  so  that  in  fact  by  this  mean  it  may  be 
made  to  act  upon  all  the  metals,  with  the  exception  of 
those  of  the  last  section,  (class  6.)  A  considerable 
number  of  them  absorb  oxygen  when  the  temperature 
is  sufficiently  elevated,  with  the  evolution  of  light ;  viz, 
all  the  metals  of  the  second  class ;  zinc,  iron,  tin,  and 
cailmium,  in  the  third;  arsenic,  antimony,  tellarium, 
bismuth,  in  the  fourth.  Tin,  antimony,  and  bismuth 
being  those  whose  combustion  is  most  feeble.  It  may 
seem,  perhaps,  extraordinary  to  find  tellurium  burning 
with  the  evolution  of  light,  while  manganese,  which  has 
much  grater  affinity  for  oxygen  than  it  has,  does  not 
possess  that  property.  The  reason,  however,  is  simply 
this,  that  tellurium,  being  both  fusible  and  volatile,  forms, 
dato  tempore^  a  much  greater  quantity  of  oxide  than 
manganese  which  is  fixed  and  almost  infiisible.  In 
fact,  in  order  that  any  substance  may  bum  with  flame 
it  must  not  only  have  a  great  affinity  for  oxygen  but 
it  must  also  enter  into  fiision  readily,  or  be  volatile, 
or  rather,  perhaps,  if  the  oxide  which  it  forms  is  rea- 
dily fusible  or  volatile :  without  this,  the  contact  be- 
tween the  substance  burning  and  the  substance 
burned,  not  being  intimate,  the  combustion  cannot  be 
vivid. 

*'  The  combination  of  metals  with  oxygen  Gas  may 
almost  always  be  effected  by  filling  a  small  retort  or  bent 
tube  with  the  Gas,  over  mercury,  and  after  having  intro- 
duced a  certain  quantity  of  the  metal  by  means  of  a  bent 
wire,  applying  the  heat  of  a  spirit-lamp  and  agitating 
the  metal  with  the  wire  if  necessary.  It  is  only  when 
the  heat  required  is  very  considerable  indeed,  that  a 
porcelain  tube  is  employed.  This  tube  containing  the 
metal  may  pass  through  a  small  furnace,  and  may  com- 
municate by  means  of  small  glass  tubes,  at  one  extre- 
mity with  an  empty  bladder,  and  at  the  other  extre- 
mity with  a  bladder  full  of  oxygen.  Af\er  the  fiimace 
is  lighted  and  the  porcelain  tube  has  become  white  hot, 
the  oxygen  Gas  is  to  be  passed  slowly  backward  and 
forwanl  from  one  bladder  to  the  other  several  times. 
The  absorpticm  will  be  entire  if  there  be  sufficient  metal 
in  the  tube. 

^  *'  Oxygen  Gas  when  in  a  humid  state  attacks  not  only 
the  metals  of  the  two  first  classes,  but  even  many  of 
those  belonging  to  the  third,  the  fourth,  and  even  the 
fifth  class.  With  regard  to  the  former,  oxidation  takes 
place  at  once  at  the  expense  of  the  free  oxygen,  and 
also  of  the  oxygen  of  the  water,  which  is  decomposed 
and  its  hydrogen  liberated.  With  regard  to  the  lat- 
ter, the  metal  receives  only  the  free  oxygen ;  and  in 
this  case  we  suppose  the  aqueous  vapour  to  possess  a 
twofold  action  ;  on  the  one  hand  it  may  partly  become 
liquid  and  hold  in  solution  a  portion  of  the  oxygen, 
thus  rendering  this  oxygen,  when  deprived  of  its  elas- 


ticity, more  capable  of  combining  with  the  metai ;  oa  (^ 
the  other  hand,  it  may  still  fiirther  promote  the  conbe  w^ 
nation  by  its  own  tendency  to  unite  with  the  wa^^iHi 
oxide  and  form  an  hydrate.     Be  this  as  it  wmsify  ikt 
oxidation  so  produced   is  generally  only  supeicflciii, 
and  is  always  very  slow  in  its  progress :  the  f 
parts  of  the  metal  are  always  protected  by  the  ( 
film,  or  at  least  a  considerable  time  must  elepee  1 
they  undergo  any  conaiderable  alteratioii.    The  i 
which  most  readily  oxidize  in  this  manner  ar 
manganese,  iron,  zinc,  lead,  copper,  te. ;  those  of  $m. 
Rixth  class  being  unaltemble. 

^  When  the  oxygen,  whether  it  be  dry  or  moist,  fc/y^^ 
mixed  with  azote,  its  action  upon  the  metala  iiihi^4aici 
same  as  if  the  azote  were  not  presenty  except  thatpi^ 
sibly  that  action  may  be  less  intense;  ibrtlieasDttailr 
only  mechanically  by  diminishing  the  points  of  eouM: 
in  a  given  space  between  the  ozygren  Gas  ami  im 
metals.  But  since  atmoepberie  air  ia  compoieArf 
about  four-fifths  azote  and  one-fifth  oxygeiH  ^rilh  •• 
little  aqueous  vapour  and  a  little  carbonic  Add  Gii«  ft 
ought  to  act  upon  metals  in  the  same  masMras 
oxygeu  does,  but  with  some  diffisrence  of  iatenrfljC 
This  is  in  fact  what  happens :  when  dry,  it  only  sttwJB 
at  ordinary  temperatures  the  metals  of  the  fint  t«f 
classes,  and  even  is  without  action  upon  sodium :  ita 
moist,  it  acts  not  only  upon  all  these,  but  also  ipm 
many  metals  of  the  third,  fourth,  and  fifth  chM 
Whether  dry  or  moist,  it  acts  upon  all  by  the  lid  rf 
heat :  those  of  the  last  class  alone  excepted.  Hm 
result  of  tills  action  is  an  oxide,  or  an  hydrate.  Bat  if 
the  process  take  place  in  the  open  air,  the  product  ■ 
frequently  a  carbonate,  especially  at  conunon  tinpi^ 
atures :  thus  it  is  that  the  air,  being  perpetually  le^ 
newed,  is  continually  yielding  small  qmmtities  of  o^* 
bonic  Acid  to  the  oxide,  whenever  these  two  bote 
have  sufficient  affinity  to  enter  into  miion.  Thiisbmi 
statues  become  gradually  covered  with  earboosts  4 
copper ;  and  in  leaden  reservoirs,  there  is  formed  in* 
mediately  above  the  surface  of  the  water,  not  oxids  of 
lead,  but  carbonate  of  lead." 

**  No  carbonate  can,  however,  be  formed  if  the  ti» 
perature  be  considerably  elevated,  except  those  of 
barium,  potassium,  sodium,  and  probably  lithian; 
because  all  the  carbonates  decompose  at  that  temper- 
ature except  those  of  barytes,  potash,  soda,  and  app^ 
rently  of  lithia.  {/,) 

(129.)  K.  Though  it  does  not  immediately  appcu 
that  any  actions  of  the  kind  to  which  this  referenee 
applies  can  be  described,  yet  we  are  of  opinion  thifc 
with  a  due  consideration  of  the  mutual  agencies  of  dl 
bodies,  it  would  require  only  ordinary  ingenuity  to  dis» 
cover  a  series  of  effects  which  might  be  ranged  nndar 
this  head :  especially  if  we  sufcwcribe  to  Berseltoi^ 
views  of  the  constitution  of  mineral  bodies,  and  extcad 
them  to  all  substances  in  Nature. 

(130.)  L.  Oxygen  Gas  is  distinguished  from  al 
other  bodies  by  the  following  properties.  It  is  not 
inflammable ;  is  not  absorbed  by  a  solution  of  caustic 
potassa ;  it  is  capable  of  restoring  to  fiill  coubustioii  a 
match  which  has  been  partially  extingruished ;  it  COB^ 
bines  by  the  electric  spark  with  twice  its  volnme  of 
hydrogen,  forming  water  and  leaving  no  gaseous  re- 
siduum. 

(131.)  M.  Oxygen  Gas  is  essential  to  the  animal  eco- 
nomy: and  although,  from  its  powerful  excitative  efiecta; 
it  cannot  be  long  respired  alone  with  impunity,  yet  when 
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ined  with  four  times  its  volume  of  azote  it  forms 
impound  best  adapted  to  our  organs  of  respiration, 
16  air  we  breathe.  If  the  oxygen  be  in  less  pro- 
m,  the  an-  is  not  salubrious,  and  if  totally  absent, 
U  not  support  life  for  a  moment.  When  pure 
m  Gas  is  respired,  the  evil  effiscts  of  an  accelerated 
■ticm  arise:  the  lungs  become  inflamed  and  the 
»  syirtem  enters  upon  a  state  of  fevered  excitement, 
ipts  have  been  made  to  exhibit  oxygen  in  some 
of  disease,  but  as  yet  these  have  been  attended 
but  Blender  success.  It  is  not  to  be  understood 
txygen  is  tlie  only  Gas  that  can  be  breathed ;  but  it 

only  one  that  can  be  permanently  breathed  with- 
lerangcment  of  some  sort  or  other  arising  in  the 
n.  A  singular  instance  of  its  action  has  been  re- 
Xhree  men  who  were  employed  in  clearing  ont 
inlt  o£wL  cabinet  d*auanoe  at  Paris  were  sofibeated 
)  snli^uretted  hydrogen,  which  always  exists  aban- 
fin  such  places.  When  taken  out,  they  were  con- 
I  to  the  jETo^e^  Dien :  two  died  on  the  way  thither ; 
lird  arrived  there. alive,  but  without  any  power  to 

-his  Umba.  In  the  haste  to  contrive  something 
should  be  administered  to  him,  a  bladder  full  of 
m  'presented  itself,  and  he  was  made  to  breathe  it : 
lan  immediately  sat  up,  but  again  fell  down  and 
3d.  It  has  been  supposed  that  he  might  have  been 
«d  to  life,  if  a  small  quantity  of  chlorine  Ga&, 
I  with  a  considerable  quantity  of  atmospheric  air, 
leon  similarly  administered  to  him. 

ComhtuUon. 

t2.)  It  might  not,  perhaps,  be  quite  satisfactory 
we  entirely  to  omit  all  consideration  of  Combus- 
and  yet  we  feel  that  little  real  knowledge  is  to  be 
d  by  any  detailed  views  of  the  numerous  explana- 
that  have  been  proposed  on  this  subject.  In  the 
tlace^  the  word  itself  is  rather  vague  in  its  appli- 
is  by  different  writers.  Originally,  Combustion 
iynonymous  with  what  in  common  language  is 

I  the  burning  of  any  thing.  The  Chemist  was 
called  upon  to  explain,  in  the  terms  of  Science, 

mditions,  the  operations,  and  the  result  of  that 
BS.  Subsequently,  however,  the  explanations  which 
thus  given  led  to  a  great  extension  of  the  applica- 
of  the  dogmas  advanced :  and  the  term  Combns- 
vas  made  use  of  in  cases  where  burning  in  its 
iry  sense  could  not  be  said  to  exist.  If  by  Com- 
m  we  mean  the  union  of  oxygen  with  certain 
h  attended  by  the  production  of  light  and  heat,  it 
e  thing :  and  in  this  case  mere  oxidation  is  ex- 
i.  But  if  we  apply  the  term  to  any  Chemical 
fe  between  the  elements  of  Matter,  wherein  light 
leat  are  evolved,  it  is  quite  another  thing,  and 
is  no  essential  necessity  for  the  presence  of  oxygen. 
re  of  opinion  that  the  introduction  of  confusion  is 
it  is  obtained  by  continuing  to  employ  the  word  in 
ther  than  a  popular  sense. 

II  it  may  be  necessary,  for  the  information  of  some, 
te  that  the  first  Scientific  explanation  of  Combus- 
ras  given  by  Stahl,  who  conceived  that  there  ex- 
in  all  combustible  bodies  a  certain  elementary 
pie  which  he  called  phlogiston^  and  that  the 
SB  of  Combustion  depended  upon  the  evolution  of 
principle.  Thus  a  body  that  had  been  burned  or 
ted,  he  termed  dephlogisticated,  supposing  it  to  have 
;s  phlogiston.    The  heat  and  light  which  accom- 


pany  Combustion  he  explained  as  a  consequence  of  the     Put  II. 
rapidity  with  which  that  principle  was  evolved.     Thus,  "  ""x"" 
in  tmth,  substitnting  a  description  of  what  took  place, 
fdz.  the  heat  and  the  light,  in  place  of  the  word  Com- 
bustion ;  and  affording  no  real  explanation  of  the  pro- 
cess. 

The  researehes  of  Lavoisier  overturned  the  theory 
of  Stahl,  and  introduced  another  explanation  of  Com- 
bustion, resting  fur  more  securely  upon  an  experimen- 
tal basis.  Oxygen  had  recently  become  known  to 
Chemists,  and  Lavoisier  showed  that  a  dephlogisticated 
substance  had  in  fact  gained  something,  instead  of 
having  parted  with  something,  as  Stahl  had  asserted. 
He  proived  that  those  substances  which  were  capable 
of  Combustion,  were  to  be  considered  as  the  more 
elementary  of  the  two  classes :  that  in  the  process  of 
burning  they  gained  weight;  and  that  this  gain  of 
weight  was  due  to  their  having  taken  a  quantity  of 
oxygen  into  combination,  which  they  might,  by  certahi 
processes,  be  compelled  again  to  evolve.  It  only  re- 
mained that  he  should,  like  Stahl,  attempt  to  say  why 
Combustion  was  attended  with  heat  and  light.  Dr. 
Black's  doctrines  of  latent  heat  and  specific  caloric 
seemed  to  afford  a  plausible  explanation  of  this  cireum- 
stance.  Lavoisier,  therefore,  asserted^  that  in  some 
cases  the  heat  and  light  were  due  to  the  change  of 
Physical  state  of  the  combining  bodies :  as  for  instance, 
that  when  phosphorus  was  burned  in  oxygen  Gas,  the 
effect  was  due  to  the  great  condensation  experienced  by 
the  latter,  in  passing  from  the  gaseous  to  the  soHd 
form.  In  other  cases  it  was  urged  that  the  specific  heat 
of  the  compound  being  less  than  that  of  the  simples, 
such  an  evolution  must  take  place.  It  has,  however, 
been  found,  that  these  principles  are  insufiident  to 
serve  for  a  general  explanation  of  the  phenomena  of 
Combustion.  All  that  we  now  dare  to  assert  is,  that 
great  heat,  and  sometimes  light  also,  is  evolved  where 
no  oxygen  is  present :  and  that  intense  Chemical  action 
is  all  that  can  be  supposed  to  be  essentially  present  in 
all  cases.  The  experiments  of  Dulong  and  Petit  have 
proved  that  the  specific  caloric  of  combining  and  com- 
bined bodies  will  not  afford  the  explanation  thence  an- 
ticipated by  Lavoisier,  (g.)  And  as  Chemical  action  or 
afiinity  is  all  that  we  can  recognise  in  the  process,  it  has 
been  supposed  that  the  heat  and  light  are  due  to  the 
union  of  opposite  electricities :  a  supposition  that  can 
satisfy  those  only  who,  with  Davy  and  Berzelras,  believe 
Chemical  affinity  to  arise  only  ftDm  the  opposite  elec- 
trical states  of  the  molecules  of  matter.  Consult,  also. 
Sir  U.  Davy's  MtfmotiY  on  Flame  and  Comlnution.  (A.) 

References  in  Oxygen. 

(a.)  Priestley  onAir^  vol.  ii.  p.  154.  (6.)  Scheele  an 
Air  and  Fire,  p.  48.  (c.)  PML  Trana.  I80S,  p. -174. 
(d.)  An.  PhU.  O.S.  vol.  vi.  p.  840.  (c.)  An.  Phil. 
O.  S.  vol.  vii.  p.  218.  (f.)  Tbenard,  SyH.  vol.  i.  p.  278. 
(jg.)  Dulong  and  Petit,  An.  de  Ch.  et  Ph.  vol.  x.  {h.) 
Davy,  PhiL  Trana.  1B17. 

§  2.  Chlorine. 

(138.)  A.  It  is  now  the  prevailing  opinion  that  Chlo-  Chlorine. 
rine  is  a  simple  elementary  body,  and  as  such  it  will 
here  be  considered.     The  origin  of  this  opinion  must, 
with  reference  to  our  scheme  of  description,  form  the 
early  History  of  this  substance,  and  may  be  briefly  stated 
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Chemistry,  as  follows.  Muriatic,  or  marine  Acid,  as  it  was  first 
called,  was  known  to  Chemists.  Scheele  first  ob- 
tained Chlorine  from  it  in  1774,  and  called  the  new  sub- 
stance dephlogisticated  marine  Acid,  consonant  to  his 
own  doctrines  respecting  phlogiston.  The  French 
Chemists  changed  this  name  to  that  of  oxygenized 
muriatic  Acid,  and  this  was  again  altered  by  contracting 
it  to  oxymuriatic  Acid. 

Chlorine  has  not  been  discovered  in  an  uncombined 
form  in  Nature  :  it  exists,  however,  in  great  abundance 
as  a  constituent  of  muriatic  Acid,  which  again  is  neu- 
tralized  by  various  alkaline  substances.  Thus,  as 
muriate  of  soda,  it  exists  in  the  waters  of  the  ocean  : 
and  is  also  found  in  the  solid  form  (common  salt)  in 
large  deposits  in  various  parts  of  the  Earth. 

(134.)  B.  Chlorine  Gas  is  most  readily  obtained  by 
putting  two  parts  of  strong  muriatic  Acid  mixed  with 
one  part  of  the  common  black  oxide  of  manganese  into  a 
^lass  retort  and  applying  a  gentle  heat  The  Gas  is 
evolved  in  considerable  quantity,  and  should  be  re- 
ceived in  inverted  bottles  over  the  pneumatic  trough. 
The  water  with  which  the  trough  is  filled  should  be 
quite  warm,  and  the  bottles  when  filled  should  all  be 
closed  with  glass-stoppers,  to  which  a  little  lard  has 
been  applied.  Want  of  space  will,  for  the  most  part, 
prevent  us  from  tracing  the  progress  of  most  of  the  de- 
4:ompositions  which  the  processes  recommended  in  this 
Treatise  may  present :  but  such  considerations  are  of 
first-rate  importance  to  the  Chemist,  and  as  an  example 
we  shall  here  note  the  rationale  of  the  above  decompo- 
sition. Black  oxide  of  manganese  consists  of  one  atom 
of  metal  +  two  atoms  of  oxygen.  Muriatic  Acid  of  one 
atom  of  Chlorine  +  one  atom  of  hydrogen.  In  the 
mutual  reaction  of  these  substances,  an  atom  of  the 
oxide  is  decomposed,  so  that  it  is  reduced  to  a  lower 
state  of  oxidation  ;  the  atom  of  oxygen  that  is  set  free 
unites  with  the  atom  of  hydrogen  from  the  muriatic 
Acid  so  as  to  form  water :  the  remaining  atom  of  Chlo- 
rine is  set  free  -,  the  newly  formed  protoxide  of  manga- 
nese unites  with  an  unaltered  atom  of  muriatic  Acid, 
and  a  proto-muriate  of  manganese  remains  in  the 
retort. 

For  the  purposes  of  the  manufacturer  a  cheaper  pro- 
cess is  employed.  Three  parts  of  common  salt  are 
well  mixed  with  one  part  of  the  black  oxide  of  manga- 
nese, and  then  put  into  a  retort.  To  this  a  mixture  of 
four  parts  of  diluted  sulphuric  Acid  (containing  S-5ths 
Acid  and  2-5ths  water)  is  added,  and  a  moderate  heat 
applied  as  before. 

(135.)  C.  Chlorine  Gas  has  a  yellowish  green  colour, 
from  whence  its  name  is  derived.  (x^<*'/>09.)  It  is  vio- 
lently irritative  both  to  the  nostrils  and  to  the  fauces, 
and  highly  disagreeable  and  injurious  if  even  in  small 
quantity  it  reaches  the  lungs.  By  violent  condens- 
ation it  evolves  both  light  and  heat.  Under  a  pressure 
of  four  atmospheres  it  forms  a  bright  yellow  liquid, 
which  does  not  fi^eze  at  zero,  Fahrenheit.  Its  Specific 
Gravity  is  2.5.  (Thomson.)  Cold  water  freed  from 
common  air  by  boiling  will  absorb  and  retain  twice  its 
volume  of  this  Gas.  When  Chlorine  Gas  saturated  with 
moisture  is  exposed  to  a  cold  of  32®  Fahrenheit,  yellow 
crystals  are  formed,  containing,  according  to  Mr. 
Faraday,  a  definite  proportion  of  one  atom  of  Chlorine 
-f-  ten  atoms  of  water. 

(136.)  D.  Chlorine  and  oxygen  when  mixed  together 
have  no  mutual  action ;  but  if  either  of  the  elements  be 
present  in  a  nascent  state,  by  which  is  meant,  at  the 


instant  of  their  disengagement  from   combination,  a  Ai 
union  may  be  effecteiL  ^"^ 

In  this  manner  four  or  five  combinations  with  oxygoi 
may  he  obtained.     See  subsects.  1,  2,  8,  4,  and  5. 
(137.)  F.  Unknown. 

(138.)  G.  Chlorine  unites  with  iodine,  forming  (be 
chloriodic  Acid.  See  sect.  4.  subsect.  2  of  this  Chapter. 
(139.)  H.  Chlorine  unites  with  hydrogen,  cariioo, 
phosphorus,  sulphur,  selenion,  and  nitrogen.  The  oon- 
pound  with  hydrogen  is  muriatic  Acid,  or  as  it  is  moie 
properly  termed,  hydro-chloric  Acid.     See  subsect  6. 

With  carbon.  Chlorine  forms  three  combinationi; 
the  sub-chloride  of  carbon,  the  proto-chlonde  of  carlxn, 
and  the  hemideuto-chloride  of  carbon,  called  the  pc^ 
chloride,  by  Mr.  Faraday,  who  discoyered  it    Theie 
compounds  will  be  described  in  the  section  on  carboi. 
Two  chlorides  of  phosphorus  exist,  which  will  bie  de- 
scribed in  sect.  5.     So  also  for  the  chloride  of  solplmr, 
see  sect.  6.     For  its  union  with  selenion,  see  sect  7. 
And  for  the  chloride  of  nitrogen,  (azotane,)  see  sect  K 
(140.)  L  The  metals  have  in  general  a  strong  affidCj 
for  Chlorine ;  and  it  would  seem  that  both  true  chloridb 
and   chlorides  of  their  oxides  exist.     In  fiu:t,  every 
metal  seems  to  be  capable  of  uniting  with  ChloriBi^ 
and  sometimes  in  more  than  one  proportion.    All  theie 
compounds  are  solid,  with  the  exception  of  the  deofe^ 
chlorides  of  tin  and  arsenic,  which  are  liquid  and  Toti* 
tile.     Many  of  the  chlorides  are  crystalline  powdoi 
Generally  speaking,  the  metallic  chlorides  are  not  d& 
composed  by  heat,  but  those  of  gold  and  platinum  are  lO. 
The  chlorides  of  the  first  two  classes  of  metals  are  it- 
fusible  below  a  red  heat,   and  are  not  volatile.   But 
those  of  the  other  metals  are  much  more  fusible,  aid 
frequently  very  volatile.     All  are  soluble  in  water, 
excepting  the  chloride  of  silver  and  the  proto-cfakride 
of  mercury:  they  for  the  most  part  absorb  nunstun 
with  avidity.     It  appears,  however,  that  in  most  caao 
their  union  with  water  is  not  a  case  of  mere  aolotki, 
but  that  a  portion  of  the  water  is  decomposed,  so  thit 
its  hydrogen  unites  with  the  Chlorine  to  form  hydriD- 
chloric  Acid,  while  the  oxygen  goes  to  the  metal,  so  M 
to  produce  a  metallic  oxide  which,  uniting  with  tb 
hydro-chloric  acid,  produces  a  Salt.    These  phenomciA 
are  not,  however,  obvious  in  their  progress,  bnt  it  it 
very  generally  supposed  that,  in  dissolving  a  metaffil 
chloride,  a  solution  of  a  hydro-chlorate  is  produeed: 
and  conversely,  that  in  drying  a  hydro-chlorate  mt 
ficiently  a  metallic  chloride  is  the  result. 

These  generalizations,  however,  are  not  firee  from 
some  exceptions,  and  some  doubts  which  w«  have  not 
space  here  to  examine. 

(141.)  K.  It  is  obvious  that,  strictly  speaking,  CUo- 
rine  has  no  action  that  can  be  referred  to  this  diviapii 
of  our  scheme. 

(142.)  L.  The  distingiiisliing  properties  of  Chloriik 
are,  that  it  has  a  greenish  yellow  colour :  that  it  isuoal- 
tered  by  exposure  to  heat :  that  it  immediately  oombioes 
with  mercury  at  ordinary  temperatures :  that  it  destroys 
vegetable  colours.  AVhen  present  in  a  liquid,  a  white 
curdy  precipitate  is  produced  by  nitrate  of  silver ;  which 
precipitate  is  insoluble  in  nitric  Acid,  but  solubit  m 
ammonia.  A  solution  of  the  white  of  egg  (<i^6iMiai) 
produces  a  white  floculent  precipitate  composed. or 
flexible  and  elastic  fibres,  which  are  insoluble  iu  water 
and  alcohol. 

(143.)  M.  The  first  and  most  important  use  ofCUo- 
rine  in  the  Arts  is  in  Bleaching,  which  will  form  a  por- 


rthe  applications  of  Chemistrj'  to  the  Arts.  This 
5  also  the  most  powerful  corrective  or  destroyer  of 
js  miasmata*  For  this  purpose  it  has  lonsf  been 
yeil  in  lazarettos  and  hospitals.  It  forms  the 
ful  ingredient  in  Labaracq^st  disinfectinEj  liquor  ; 
it  is  combined  with  lime  or  soda.  This  last  pre- 
on  has  only  recently  been  introdnced  into  this 
ry»  under  the  name  above  mentioned :  and  we 
that,  in  cases  of  inlcctious  disease,  even  in  private 
^  its  use  cannot  be  too  strongly  recommended. 
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SuhsecL  1. — Protoxide  ofChhrine, 


4.)  All  the  combinations  between  chlorine  and 
II  are  held  tog«ither  by  a  very  feeble  affinity,  and 
terefbre,  readily  decomposed*  Four  are  at  present 
I J  Ibotig'h  from  inadvertency  two  only  are  put 
in  our  synoptic  view.  (4.)  The  atomic  eonstilu- 
^  these,  together  with  the  circumstance  jost  ad* 
lo»  would  lead  us  to  suppose  that  some  iutcrme' 
ombi nation  may  he  found  to  exist  whensoever  our 
may  be  found  sufficiently  delicate  for  their  detec- 
Indeed  a  liflh  oxide  is  described  by  Count  Von 
n. 

toxide  of  chlorine  was  discovered  by  Sir  H. 
in  181 1 »  and  was  named  by  liim  Euchlorinc, 
JO  St  readily  obtained  by  placing-  two  parts  of  the 
:e  of  potassa,  one  part  of  muriatic  Acid»  and  one 
er,  in  a  small  retort,  and  then  applyin«]r  a  very 
beat.  The  Gas  evolved  should  be  collected  over 
•y.  A  portion  of  chlorine  is  produced,  but  this 
with  the  mercury,  while  the  protoxide  of  chlorine 
!Cted  pure. 

colour  of  this  Gas  is  a  yellowish  gfreen,  but  more 
ban  that  of  chlorine.  It  has  a  smell  something 
at  of  burned  suir-ar.  Water  will  absorb  eight  or 
les  its  volume  of  this  Gas»  Euchlorine  does  not 
lith  alkalis.  Like  chlorine  it  discharg-es  vegeta- 
lours,  but  with  less  energy  than  the  latter  sub- 
It  is  so  highly  explosive,  thEit  the  beat  of  the 
s  sufficient  to  prnduce  a  separation  between  its 
ucnts.  Phosphorus,  also,  immersed  tn  it,  produces 
ion  and  nndergoes  combustion.  Wbenex}}loded 
ydrogen  by  the  electric  spark,  water  and  muriatic 
re  the  results.  Euchlorine  consists  of  two  vo- 
of  chlorine  and  one  of  oxysjen.  Its  atomic  con- 
n  and  Specific  Gravity  will  be  seen  in  the  g-ene- 
jles,  (a,) 


\ 


SuhsccL  2, — Triiojide  of  Cklorine, 


.)  The  tritoxide  of  chlorine  was  discovered  and 
'ibed  by  Count  Von  St  ad  ion  in  Gilbert's  Aniiahju 
jome  doubt,  however,  yet  remains  about  this  sub* 


I 


tcL  3* — Teiarioxide  of  Chlorine. 
Davy) 


(Peroxide  of 


♦)  The  tdartoiide  of  chlorine  was  discovered  by 
Davy  in  1815,  and  also  by  Von  Stadion  about 
le  period.  At>out  50  or  60  grains  of  the  chlorate 
kssa  is  reduced  to  fine  powder,  and  formed  into 

Pith  strong  sulptmric  Acid.    This  paste  is  to  be 
\  glass  retort^  and  then  to  be  submitted  to  the 
a  water  bath,  not  reaching^  so  high  as  212°  of 
ature.     The  Gas  evolved  is  of  a  higher  colour 

IV. 


than  chlorine  or  its  protoxide,  having  an  aromatic 
odour  without  any  smell  of  chlorine.  It  does  not  com- 
[ne  with  mercury,  but  is  absorbed  by  water  in  consider- 
able quantity.  It  does  not  combine  with  aikalis,  but  it 
destroys  vegetable  blue  colours  without  previously  red- 
dening them,  in  which  respect  it  differs  from  the  prot- 
oxide. Phosphorus  introduced  into  it  produces  decom- 
position and  undergoes  combustion.  By  the  experi- 
ments of  Davy  and  Gay  Lussac,  it  appears  that  40 
volumes  of  the  Gas  become  60  alter  explosion  ;  and  are 
then  found  to  consist  of  40  volumes  of  oxygen  and  20 
of  chlorine. 

SuhsecL  4, — Chloric  Acid,  {Petnploxide  of  Chlorine,} 

(147.)  Chloric  Acid  was  first  recognised  as  such  in 

the  chhirates,  and  pointed  out  by  Mr.  Chenevix.  Its 
more  carefill  examination  was  undertaken  by  M.  Vau- 
qtielin  (d.)  and  by  M.  Gay  Lussac,  {e,} 

Vauquelin'a  process  for  obtaining  it  is  as  follows.  To 
a  solution  of  pure  chlorate  of  baryta  add,  by  degrees, 
dihited  sulphuric  Acid  as  long  as  any  precipitation  take* 
place.  Thus  the  chloric  Acid  remains  pure,  combined 
with  water  only:  care  must  of  course  be  taken  to  add 
no  more  sulphuric  Acid  than  is  just  sulTicient  to  ctlect 
the  separation  of  the  baryta.  The  true  point  has  been 
obtained  when  neither  sulphuric  Acid  nor  chlorate  of 
baryta  will  produce  a  precipitate  when  added  to  sepa- 
rate portions  of  the  Liquid. 

The  solution  of  chloric  Acid  thus  obtained  is  colour- 
less, having  an  acid  or  astringent  taste.  It  reddens 
litmus :  is  volatilized  by  heat,  but  undergoes  some  de- 
composition in  the  process.  It  does  not  produce  any 
precipitate  from  nitrates  of  silver,  mercury,  or  lead. 
When  chloric  Acid  and  hydrochloric  Acid  are  mixed 
together  in  just  proportion,  a  complete  decomposition  is 
effected,  chlorine  and  water  resulting.  It  is  decom- 
posed by  sulphuretted  hydrogen  or  by  sulphurous  Acid, 
but  none  of  the  Acids  which  are  saturated  with  oxygen 
have  any  action  upon  chloric  Acid,  It  is  also  decom- 
posed by  all  the  metals  which  are  capable  of  decom- 
posing water,  and  chlorides  of  their  oxides  are  pro- 
duced. The  constitution  of  chloric  Acid  is  most  gene- 
rally supposed  to  be  one  atom  chlorine  -f  five  atjms 
oxygen.  (/) 

SubsecL  b.— Perchloric  Acid.  (Beptoxitk  of  Chlorine.} 

(148.)  In  obtaining  the  tetartoxide  of  chlorine  by  the 
process  already  given,  (146.)  a  peculiar  Salt  was  de- 
tected in  the  residuary  matter  by  Count  Von  Stadion. 
It  is  found  in  octohedral  crystals  mixed  with  bisulphate 
of  potash.  These  crystals  are  soluble  in  hot  water,  and 
also  in  55  times  their  weight  of  water,  at  60°  Fahren-^ 
beit.  It  is  insoluble  in  alcohol.  By  mixing  this  Salt 
with  an  equal  quantity  of  sulphuric  Acid,  and  distilling 
it  at  a  temperature  of  280^  Fahrenheit,  the  salt  is 
decomposed,  and  an  Acid  which  has  been  called  the 
perchloric  may  be  distilled  over,  (g.} 

Subaecl,  6. — Hydro-chhtic  Acid,    {Muriatic  Acid:} 

(149.)  A,  Profefsor  Thomson  is  of  opinion  that  by   Hydro-cIjUn 
dro-chloric  Acid  was  known  to  the  alchemists,  and  stales  rie  Acid, 
that  it  is  mentioned  in  the  writings  of  Basil  Valentine. 
Glauber,  he  says,  seems  to  have  contrived  the  present 
mode  of  obtaining   il   by  distillation  from   sulphuric 
4  Q 
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Chemlstqr.  Acid  and  common  salt  Mr.  Cavendish  first  described 
^^v^^  the  mode  of  obtaining  it  In  the  Gmseons  form,  in  1766. 
(A.)  Priestley  more  fully  described  its  properties,  (t.) 
The  experimenU  of  Gay  Lussac  and  Thenard  ik.) 
tended  to  prove  thtft  muriatic  Acid  Gas  is  a  compound 
of  cliloritie  and  hydrogen :  and  the  further  researches 
and  reasoning  of  Davy  went  &r  towards  establishing 
the  same  opinion,  which  is  in  fact  now  almost  univer- 
sally admitted.  (/.) 

Muriatic  Acid  exists,  as  has  been  already  stated, 
(133.)  in  great  abundance  in  the  earth  and  in  sea 
water,  combined  with  alkaline  bases :  but  in  ihe  state 
of  a  free  Acid  it  does  not  seem  to  exist  at  all,  unless, 
possibly,  it  may  be  evolved  among  the  Gaseous  products 
of  active  volcanos. 

(150.)  B.  Hydro*ch1oric  Acid,  as  it  is  commonly 
known  and  made  use  of,  is  a  Liquid,  oonsisting  of  the 
pure  Acid  Gas  combined  with  water.  This  Gas  is  most 
readily  obtained  by  putting  chloride  of  sodium,  (com- 
mon Salt,)  well  dried,  into  a  tubulated  retort,  and  then 
adding  to  it  strong  sulphuric  Acid.  By  applying  the 
heat  of  a  sand-bath^  muriatic  Acid  Gas  is  evolved  in 
considerable  quantity.  If  this  operation  be  conducted 
over  mercury  the  Gas  is  obtained  in  great  purity,  but 
not  without  a  considerable  degree  of  hygrometric  water. 
If,  however,  the  beak  of  the  retort  be  made  to  terminate 
in  a  receiver  containing  water  the  Gas  is  absorlsed,  and 
a  strong  liquid  solution  of  the  Acid  Is  obtained.  But  in 
purposely  preparing  the  liquid  muriatic  Acid,  it  Is  most 
convenient  to  employ  a  series  of  two  or  three  Woulfe's 
bottles,  having  a  small  quantity  of  water  in  eadi,  so  that 
whatever  Gas  may  escape  from  solution  in  ihe  first 
bottle,  can  only  pass  on  and  be  taken  up  by  the  Liquid 
in  the  second  or  third.  The  proportions  recommended 
for  this  process  are  as  follows :  dried  chloride  of  sodium 
eight  parts  ;  strong  sulphuric  Acid  seven  parts ;  water 
placet!  in  the  Woulfe's  bottles  five  or  six  parts.  The 
proportions  recommended  by  the  College  of  Physicians 
is  two  pounds  troy  of  dry  chloride  of  sodium ;  20 
ounces  troy  of  strong  sulphuric  Acid  mixed  with  half  a 
pint  of  water.  A  pint  of  water  is  to  be  put  into  the 
receiver  to  absorb  the  Gas.  For  a  very  clear  view  of 
the  rationale  of  this  process.for  obtaining  muriatic  Acid, 
see  Mr.  Phillip's  excellent  and  scientific  translation  of 
the  Pharmacopoeia. 

^  Hydro-chloric  Acid  Gas  may  also  be  formed  by  the 
direct  synthesis  of  its  constituents.  Thus,  if  equal 
volumes  of  chlorine  and  hydrogen  Gases  be  mixed 
together  in  a  bottle,  and  kept  from  the  influence  of 
light,  no  change  is  produced  ;  but  by  applying  a  lighted 
taper,  or  passing  an  electric  spark  through  the  mixture, 
or  even  by  exposing  it  to  the  light  of  the  sun,  combina- 
tion is  instantly  effected.  Mr.  Brande  found  that  the 
intense  light  from  charcoal  points,  ignited  by  the  Vol- 
taic pile,  were  capable  of  producing  the  same  eflect : 
(fn.)  and  Seebeck  states  that,  among  different  colours, 
the  blue  rays  of  the  spectrnm  are  more  effectual  than 
those  which  are  red.  (n.) 

Hydro-chloric  Acid  Gas,  for  experiment,  may  also  be 
obtained  by  heating  a  little  strong  muriatic  Acid  in  a 
retort  over  a  spirit-lamp.  Tliis  Gaa,  when  quite  dry, 
consists  of  one  atom  chlorine  -f  one  atom  hydrogen,  or 
86  of  the  former  +  one  of  the  latter  by  weight 

(151.)  C.  In  the  Gaseous  state,  hydro-chloric  Acid  has 
the  following  Physical  properties.  Its  smell  and  teste 
are  extremely  pungent,  and  it  is  quite  unfit  for  respi- 
— ♦^■-**      It  is  heavier  than  common  ah';  the  best  esti- 
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mate  of  its  Specific  Gravity  being  1.284366.  (Thomson.)  ^ 
By  heat  alone  it  undergoes  no  chauge.     Under  a  prct-  ^ 
sure  of  40  atmospheres,  and  at  a  temperature  of  5(F 
Fahrenheit,  it  becomes  a  Liquid.     It  instantly  extin- 
guishes flame. 

(152.)  D.  When  oxygen  and  hydro-chloric  AekiGaaei 
are  mixed  together,  and  either  passed  through  a  nd-Jkit 
porcelain  tube  or  submitted  to  the  electric  spark,  At 
chlorine  is  set  free*  and  the  oxygen  unites  with  tkt 
hydrogen  to  form  water.  Dr.  Henry  sUtes,  tJnrt  t 
similar  decomposition  is  effected  by  Inserting 
platinum  In  the  mixture  at  a  temperature  of  I 
Fahrenheit. 

(Ib3.)  E.  No  effect  is  to  be  expected  vndtrthkM. 

(154.)  F.  Unkoown. 

(155.)  G.  Iodine  is  slightly  to  able  ia  liqoU  iifda* 
of  muriatic  Acid,  but  with  any  action  betweca  the  tm 
aubfitances  in  the  Gaseous  sUte  we  are  not  argniiiihii 

(156.)  H.  Muriatic  Acid  has  no  action  oniilieoi^flr 
its  oxide  silica.  Neither  has  it  upon  hydrogen.  Oute 
IS  not  soluble  in  it,  but  common  charcoal  will  luiihi 
in  its  pores  an  enormous  quantity  of  hydro-chkirie  idl 
gas.  We  are  not  aware  of  any  action  betweeo  horn 
and  this  Acid.  The  same  may  beraaid  of  phosphon^ 
sulphur,  selenion,  and  nitrogen. 

Muriatic  Acid  possesses  a  very  strong  affiaifefir 
water :  insomuch  that  it  Is  extremely  difficult  to  oWi 
it  quite  free  firom  that  substance.  When  a  lump  nf  iee 
is  admitted  to  a  jar  of  muriatic  Acid  Gas  confined  onr 
mercury,  the  ice  liquefies  as  rapidly  as  if  it  had  bm 
placed  in  a  fire.  According  to  Dr.  Thomson,  m 
cubic  Inch  of  water,  temperature  69°  Fahrenheit,  wl 
absorb  418  cubie  Inches  of  muriatic  Acid  Gas,  pri* 
ducingan  Acid  the  Specific  Gravity  of  which  is  LIM. 
A  usefiil  Table  has  been  given  by  Thomson,  showky  tks 
quantity  of  real  Acid  in  solutions  of  different  Specie 
Gravities :  it  is  calculated  on  the  principle  that,  infcni' 
lug  a  solution  of  marble  in  this  Acid,  every  50  gnini 
dissolved  indicate  37  grains  of  real  AckL  See  IM  Y. 
Table  II. 

(157.)  I.  As  muriatic  Acid  is  incapable  of  nihriStS 
oxygen,  it  does  not  act  energetically  upon  the  mctdi: 
but  by  its  determining  power  of  affinity  it  induces  miif 
of  the  metals  to  decompose  water  when  present,  tad 
thus  to  obtain  oxygen.  Such  is  the  case  with  inn  « 
3inc,  when  hydrogen  is  evolved.  When  potassium,  te 
or  ainc  is  heated  in  hydro-chloric  Acid  Gaa  over  mesnmff 
the  Gas  undergoes  decomposition,  a  metallic  cfaltdds 
is  formed,  and  hydrogen  is  set  free. 

(158.)  K.  With  other  Acids  the  hydro-dbdoric  cumot 
be  said  to  act  as  a  base,  though  some  mutual  actionf 
take  place  on  their  admixture:  these  are  genemllj in- 
stances of  decomposition  dependent  priudpally  i^an 
either  the  affinities  of  oxygen  and  hydrogen  for  mA 
other,  or  upon  that  of  chlorine  for  the  radical  of  ths 
other  Acid  employed.  Thus  It  is  decomposed  by  the 
nitric,  chloric,  iodic,  chromic,  and  molybdic,  bo  thai  it 
cannot  exist  with  these  in  the  same  solution. 

Hydro-chloric  Acid  exerts  a  strong  affinity  towards 
metallic  oxides,  and  decomposes  many  of  their  comlKn^ 
tlons  with  other  Acids.  The  muriates,  or  as  we  abooU 
more  strictly  call  them,  the  -  hydro- chlorates,  form  a 
numerous  and  Important  class  of  Salts,  which  we  ahaB 
have  frequently  to  mentkin.  All  the  trae  hydfo-chio- 
rates  are  neutral,  and  all  contain  water;  for  when,  bf 
great  heat,  this  Liquid  is  driven  oft  they  pass  to  the 
state  of  chlorides.  Ail  are  decomposed  by  the  tnJphMif 
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7.  Acid,  ereft  when  cold,  and  still  more  easily  by  the 
^  aid  of  beat     With  heat  the  muriates  are  decomposed 
by  the  phosphoric,  arsenic,  and  boracic  Acids,  when 
water  is  present.     The  nitric  Acid  has  the  same  pro- 
perty in  proportion  to  its  strength. 

(159.)  L.  The  hydro-chloric  Acid  is  recognised  in  a 
•okition  by  its  property  of  producing  a  white  curdy 
precipitate  with  nitrate  of  silver,  a  tested  very  great 
delicacy.  The  precipitate  thus  produced  is  the  chloride 
^silver,  which  should  be  well  waslied,  dried,  and  fused 
in  a  glass  vesseL  In  this  state  it  contains  one  atom  of 
eUoriae  4~  ^^'^  atom  of  silver,  or  36  parts  of  the  former 
+  1 10  of  the  latter  by  weight,  indicating  37  parts  by 
weight  of  dry  muriatic  Acid. 

(160.)  M.  In  the  ArU  hydro^loric  Acid  is  fire- 
qjoeatly  employed  as  a  solvent :  and  in  Medicine  it  is 
given  as  a  tonic.  Dr.  Prout  made  the  singular  discovery 
of  its  existence  anwng  the  fluids  of  the  stomach,  some- 
times in  considerable  quantity,  in  which  case  it  seems  to 
indicate  a  diseased  action  of  that  organ  :  and  the  mode  of 
ill  production  there  appears  extraordinary,  since  he  could 
detect  its  presence  in  the  stomachs  of  rabbits  which  had 
been  fed  on  substances  not  apparently  containing  that 
Acid  or  its  chief  elementary  constituent,  chlorine,  (o.) 

(161.)  We  have  adverted  only  slightly  to  the  contro- 
versy U»t  has  existed  between  Chemists  of  first-rate 
excellence  respecting  the  nature  of  chlorine  and  muriatic 
Acid.  The  one  party  having  regarded  chlorine  as  the 
liaiple  elementary  body,  and  muriatic  Acid  a  compound 
finrined  by  the  addition  of  hydrogen :  the  other  party  hav- 
ing Bopposed  muriatic  Acid  Gas  the  simple  body,  or  at 
least  that  it  consisted  of  an  unknown  radical  united  to 
oxygen;  and  that  chlorine,  or  as  it  was  by  them 
termed,  oxymuriatic  Acid  Gas,  was  a  compound  of 
oxygen  with  muriatic  Acid  Gas.  The  former,  which  is 
BOW  the  prevailing  opinion,  we  have  followed ;  but  there 
in  much  in  the  controversial  writings  on  this  point  that 
we  strongly  recommend  to  the  attention  of  the  Chemical 
feeder,  produced  as  tliey  have  been  by  the  most  dis- 
tinguished Chemists  of  the  Age.  For  this  purpose  con- 
eiilt  reference,  (p.) 

References  to  §  2. 

(a.)  Davy,  PAtf.  Trmn.  1811.  (6.)  Von  Stadion, 
Thorns.  An,  O.S.  vol.  is.  p.  22.  from  Gilbert's  AnnciUn^ 
toI.  ill.  p.  197,  (c.)  Davy,  PAt/.  Tram.  1815,  Part  II. 
(d)-  Vaaqnelin,  An,  de  Ch,  vol.  xcv.  p.  102.  (e.)  Gay 
liuesac.  An,  de  Ch.  vol.  xci.  p.  111.  (/)  Ibid,  (g,) 
Von  Stadion,  tU  tuprH,  Gay  Lassac,  An,  de  Ch,  vol. 
is.  (A)  PhU.  Tram,  vol.  Ivi.  p.  157.  (i.)  Priestley, 
On  AirSy  vol.  ii.  p.  276.  (A.)  Mkm,  d'Areueilf  vol.  ii. 
p.  807,  320,  322.  (/.)  PhU.  Tram.  1809.  (m.) 
Brande,  PAti.  Tram.  1820.  (n.)  Seebeck,  Nich.  Jour. 
irol.  xxxiv.  p.  220.  (a.)  Prout,  PhiL  Tram.  1824,  p. 
45.  (j9.)  Memoirs  by  Dr.  Murray  and  J.  Davy,  Nich. 
Jour.  vol.  xxxiv.  Sir  H.  Davy,  Phil,  Tram.  1818,  p. 
109.  Tram.  R,  S,  Edin.  vol.  viii.  An.  Phil.  O.  S.  voL 
xK.  p.  879.  and  vol.  xiii.  pp.  26,  285.  Phillip,  An. 
Pkii.  N.  S.  vol.  i.  p.  27. 

§  8. — Fluorine* 

t,  (1 62.)  In  assigning  to  Fluorine  its  present  situation  in 
our  iiystem,  we  acknowledge  that  we  are  acting  upon  sup- 
position, and  not  upon  fact.  We  are  aware  that  in  so 
doing  we  shall  find  the  opinions  of  some  very  distin- 
guished Chemists  opposed  to  us:  but  after  dl,  in  a 


matter  confessedly  undecided,  we  are  willing  to  shelter  But  IL 
ourselves  from  absolute  censure,  by  saying  that  we  only 
adopt  the  opinions  of  Sir  H.  Davy,  advocatetl  by  Dr. 
Thomson,  and  perhaps  by  Berzelius  also.  On  the  whole, 
it  seems  to  us  the  more  plausible  of  the  two  generally 
proposed.  It  may  be  well  just  briefly  to  state  that  tho 
one  of  these  suppositions  is,  that  Fluorine  is  a  highly 
electronegative  body,  (analogous  to  chlorine,)  and 
tliat  by  its  union  with  hydrogen  Fluoric  Acid  is  formed, 
which  should,  therefore,  be  called  hydro-fluoric  Acid. 
On  the  other  supposition  Fluorine  is  a  base,  (analogous 
to  boron,)  and  that  Fluoric  Acid  arises  firom  the  union 
of  this  base  with  oxygen. 

(163.)  A.  Fluorine  is  so  far  from  existing  at  all  free 
in  any  part  of  the  kingdom  of  Nature,  that  it  has  never 
yet  been  exhibited  alone  and  uncombined  by  the  utmost 
eflbrts  of  Chemical  ingenuity.  Fluoric  Acid  had  long 
been  suspected  to  be  a  compound  of  some  unknown 
base  with  oxygen  :  but  in  1810,  M.  Ampere  was  led  by 
the  analogy  of  chlorine  to  view  it  in  the  light  of  a  com- 
pound of  that  base  with  hydrogen.  This  he  communi* 
rated  to  Sir  U.  Davy,  who  published  in  1813  and  1814 
two  very  valuable  papers  in  support  of  that  opinion. 
To  these  papers  we  are  indebted  for  the  little  that  we 
know  concerning  the  base  of  Fluoric  Acid. 

(164.)  B.  Sir  H.Davy  did  not  obtain  Fluorine  in  a 
separate  state,  but  the  following  were  the  modes  by 
which  he  attempted  to  do  so  3  together  with  the  evi- 
dence which  he  obtained  in  favour  of  Ampere's  and  his 
own  opinion.  Potassium  was  added  to  Fluoric  Acid,  a 
violent  degree  of  action  ensued,  hydrogen  Gas  was 
evolved,  and  a  solid  white  residuum  was  obtained. 
Now,  if  it  were  certain  that  Fluoric  Acid  contained  no 
water,  we  must  infer  that  the  Fluoric  Acid  underwent 
decomposition  by  the  escape  of  its  hydrogen,  and  thai 
the  white  mass  was  a  Fluoride  of  potassium.  To  ascer- 
tain whether  the  strong  liquid  Fluoric  Add  (Specific 
Gravity  1.0609)  contained  water,  Davy  enclosed  some 
in  a  platinum  capsule  within  dry  ammoniacal  Gas,  until 
it  became  saturated  with  that  alkali.  Thus  dry  Fiuate 
of  ammonia  was  obtained.  According  to  the  belief  of 
Davy  and  Thomson,  "  when  any  Acid  that  contains 
water  is  combined  in  this  manner  with  ammoniacal  Gas, 
if  we  heat  the  Salt  formed,  water  is  always  disengaged. 
Thus  sulphuric,  or  nitric,  or  phosphoric  Acid,  when  satu- 
rated with  ammoniacal  Gas  and  heated,  give  out  always 
abundance  of  water."  (Thomson.)  Fiuate  of  ammonia 
thus  treated  gave  out  no  water,  (a.)  Upon  this  ground 
it  seemed  that  Fluoric  Acid  contained  no  water.     . 

The  analogy  with  muriat\p  Add  seems  plausible  also 
By  heating  potassium  with  muriate  of  ammonia,  the 
Salt  and  its  Acid  are  both  decomposed.  Chloride  cf 
potassium  is  formed,  and  the  hydrogen  and  ammonia 
both  escape,  in  the  proportion  of  one  volume  of  the 
former  to  two  of  the  latter.  So  also  if  Fiuate  of  ammo* 
nia  be  heated  with  potassium,  a  mixture  of  hydrogen 
and  ammonia  escapes  containing  precisely  the  same 
proportions  as  in  the  former  case,  and  a  solid  white 
residuum  is  found  and  by  analogy  inferred  to  be  the 
fluoride  of  potassium.  (6.) 

Again,  by  exposing  Fluoric  Add  to  the  Galvanic 
pile '.  hydrogen  was  evolved  at  the  negative  wire,  and  the 
opposite  wire,  which  was  of  platinum,  was  coated  with 
a  chocolate-coloured  powder,  (c.)  When  muriatic  Acid 
is  similarly  acted  upon,  hydrogen  is  given  out  at  the 
negative  wire,  and  a  chloride  is  formed  round  the 
extremity  of  the  positive  wire.  Reasoning  upon  this 
4q2 
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Cbemiitry.  analogy,  the  chocolate  powder  would  seem  to  be  a 
^^y^^  Fluoride  of  platinum. 

When  Fluate  of  siWeror  fluate  of  mercury  is  exposed 
to  the  action  of  chlorine,  and  heated  in  a  glass  vessel, 
a  metallic  chloride  is  formed,  the  glass  is  corroded,  and 
a  quantity  of  Gas  evolved,  which  is  (bund  to  consist  of 
oxygen  and  silicated  Fluoric  Acid  Gas.  In  this  case  it  is 
supposed  "  that  the  Fluorine  is  disengaged,  ihat  it  im- 
mediately acts  upon  the  silica  in  the  glass,  disengaging 
its  oxygen  and  forming  silicated  Fluoric  Acid,  which  may 
be  considered  as  a  compound  of  Fluorine  and  silicon." 
(Thomson.) 

Such  are  the  views  of  the  able  Chemist  whose  name 
has  just  occurred,  in  illustration  of  Davy's  hypothesis. 
They  seem  to  have  much  weight :  but  it  may  be  fair  to 
add  that  their  accuracy  has  been  questioned  by  other 
writers  on  this  subject. 

The  attempts  made  by  Davy  to  obtain  fluorine  sepa- 
rately, by  repeating  the  last-mentioned  experiment  in 
silver  or  platinum  vessels  instead  of  glass,  were  always 
rendered  unsuccessful  by  the  Fluorine  entering  into 
combination  with  those  metals  respectively. 

(165.)  C.  D.  E.  G.  None,  or  unknown. 

(166.)  H.  Of  the  substances  under  this  head,  the 
compounds  of  hydrogen,  boron,  and  silicon,  with  Fluo- 
rine, are  all  that  have  yet  been  examined.  These,  as 
they  form  peculiar  Acids,  will  form  three  subsections  to 
be  noticed  shortly. 

(167.)  I.  We  have  already  seen  that  Fluorine  unites 
energetically  with  potassium,  and  also  with  platinum 
and  silver ;  and  may  consider  it  probable  that  it  will  do 
so  with  every  other  metal.  Those  who  entirely  adopt 
Davy's  views  of  Fluorine,  will  consider  Fluorspar  (or 
Fluate  of  lime,  as  it  must  be  on  the  opposite  creed)  as 
a  true  Fluoride  of  calcium.  Suppose  a  piece  of  this  well- 
known  and  beautiful  mineral  to  be  acted  upon  by  sul- 
phuric Acid,  which  with  the  aid  of  heat  is  capable  of 
effecting  its  decomposition.  The  water  also  of  the  sul- 
phuric Acid  is  decomposed,  its  hydrogen  unites  with  the 
fluorine  to  form  hydro-fluoric  Acid,  which  is  one  pro- 
duct, and  its  oxygen  unites  with  the  calcium  to  form 
the  base  of  sulphate  of  lime,  the  other  product. 

(168.)  K.  L.  M.  Unknown. 

Subsect.  1. — Hydro-fluoric  Acid. 

Hydro-  (169.)  A,   Hydro-fluoric  Acid  has  been  long  known 

flttoncAcid.  by  the  name  of  fluoric  Acid.     The  following  is  Thom- 
son s  summary  of  its  history. 

•'  Fluor  spar,  a  well  kno^n  mineral,  is  mentioned  by 
Agricola  under  the  name  of  fluor  as  a  flux  for  metallic 
ores,  (e.)  Its  property  of  corroding  glass  when  mixed 
with  sulphuric  Acid  was  known  at  Nuremberg  as  early 
as  1670.  The  flrst  attempt  to  ascertain  the  composition 
of  this  mineral  was  made  by  Margraaf.  His  experi- 
ments were  published  in  the  Memoira  of  the  Berlin 
Academy  for  1768,  but  he  informs  us  that  they  had 
been  made  in  1674.  He  reduced  the  mineral  to 
powder,  mixed  it  with  its  own  weight  of  sulphuric  Acid, 
and  distilled  it  in  a  retort.  He  obtained  a  white, 
saline  sublimate,  and  remarked  with  surprise  that  the 
retort  was  corroded  into  holes  in  several  places.  (/) 
In  the  year  1771  Scheele  published  a  set  of  experiments 
on  fluor  spar,  in  the  Memoin  of  the  Academy  of  Sci- 
ences of  Stockholm.  He  showed  that  the  mineral  was  a 
compound  of  lime  and  of  a  peculiar  Acid,  to  which  he 
gave  the  name  of  fluoric  Acid.     He  determined  the 


properties  of  this  Acid,  and  showed  it  to  differ  from  p^ 
every  other  previously  known,  (g.)   Dr.  Priestley  foam!  w. 
that  the  Acids  when  obtained  by  Scheele's  process,  it  a 
Gas  possessed  of  peculiar  properties,  which  he  inveith 
gated  and  described.  (A.) 

"  It  was  shown  by  Weiglib  (t.)  and  Bocfaols,  Qt) 
and  still  more  completely  by  Meyer,  (/.)  that  the  fluoiie 
Acid  of  Scheele  contained  silica  as  a  constitoeni ;  tad 
Dr.  John  Davy  ascertained  the  proportion  of  flnoiie 
Acid  and  of  silica  that  exist  in  the  Add  of  Schtde,  aad 
demonstrated  that  it  is  a  peculiar  compound  of  flooiie 
Acid  and  silica,  in  which  the  constituents  always  exiitli 
the  same  proportions,  (m.)  Gay  Lussac  and  Tbcninil 
in  1811,  published  a  method  of  preparing  pure  flooiie 
Acid,  and  were  the  first  to  determine  its  properties.*(fc) 
Four  fluates  exist  in  Nature ;  the  one  already  mentioMi 
fluate  of  cerium,  double  fluate  of  cerium  and  yttria,  tad 
the  double  fluate  of  soda  and  alumina,  cryolite. 

(170.)  B.  The  method  of  Gay  Lussac  and  Theavd 
is  generally  adopted.  A  retort  .and  receiver  of  kid 
are  made  to  fit  well  together.  Into  the  retort  pit  a 
quantity  of  pure  fluor  spar  in  fine  powder,  together  with 
twice  its  weight  of  sulphuric  Acid.  Lute  the  appantM^ 
and  apply  a  gentle  heat  to  the  retort ;  at  the  same  tint 
surrounding  the  receiver  with  a  freezing  mixture  of 
snow  and  salt  The  fluoric  Acid  is.condensed  in  te 
receiver  in  the  liquid  form. 

(171.)  C.  '*At  32''  Fahrenheit  it  is  a  colourless  UtjH 
like  water.  It  does  not  congeal  though  cooled  down  to 
— 4°  Fahrenheit,  and  it  remains  a  Liquid  at  60^Fbhifi- 
heit  Its  boiling  point  has  not  been  determined,  but  it 
is  low.  When  exposed  to  the  air,  it  smokes  violciitiy^ 
giving  out  a  smell  similar  to  that  of  muriatic  Add,  Wt 
much  stronger.  It  is  very  speedily  dissipated  in  opM 
vessels,  and  can  only  be  preserved  in  metallic  oneii 
The  best  are  those  formed  of  pure  silver,  and  they  mat 
have  a  silver  stopper  which  should  be  air-tight* 
(Thomson.) 

This  Acid,  as  obtained  by  Davy  at  its  utmoet  codcob- 
tration,  was  of  Specific  Gravity  1.0609.  In  this  iti* 
he  considered  it  quite  free  from  water.  If  a  drop  of  tltt 
Acid  be  let  fall  into  water  it  combines  with  a  hisng 
noise,  like  that  which  would  be  produced  by  red-hot 
iron  ;  but  when  a  few  drops  of  water  are  poured  ilto 
fluoric  Acid  ebullition  is  produced. 

Fluoric  Acid  acts  powerfully  upon  the  animal  systeo^ 
the  least  drop  acting  as  an  escharotic,  and  producing  a 
sore  which  is  healed  with  difliculty.  The  fumes  of  ii 
are  repelled  by  the  lungs  with  violence,  and  are  so  ddft- 
terious  that  scarcely  the  smallest  portion  can  eater 
those  organs  with  impunity. 

(173.)  D.  The  action  of  hydro-fluoric  Add  upon  On 
metals  has  been  already  noticed  (163.)  in  connedioa 
with  what  we  conceive  to  be  the  decomposition  of  thb 
Acid  to  obtain  fluorine.  Its  union  with  potassium  aad 
sodium,  as  examined  by  Thenard  and  Gay  Losaac^  is 
extremely  violent,  great  heat,  with  effervescence,  aad 
the  evolution  of  hydrogen,  all  resulting.  Thenard  slatcai 
also,  that  they  tried  three  other  metals,  zinc»  iron,  and 
manganese.  All  three  decompose  the  hydro-flnoiie 
Acid  with  the  evolution  of  heat  and  hydrogen  Gaa. 
M.  Thenard  considers  it  scarcely  probable  thai  aay 
other  metals,  except  those  of  his  first  two  sections,  and 
perhaps  tin  and  cadmium,  would  produce  any  action 
upon  this  Acid.  We  have  already  stated  our  belief  that 
fluorine  will  unite  with  every  metal,  but  this  is  not  op* 
posed  to  M.  Thenard's  opinion,  because  it  docs  not  i' 


follow  that  every  metal  will  dc  compare  I  he  hydro- fluoric 
'  Acid  for  the  purpost?  of  imitiiig  with  its  base,  without 
Rome  other  deiermming  agency;  such,  for  instance,  is 
Voltfiic  elcctricily. 

(173.)  E.  Thenard  states  that  the  non-metallic  com- 
bustihles,  both  simple  aptl  conipounil,  have  no  action 
upon  hydro- fluoric  Acid* 

(174!)   E.  and  F,  none. 

(175,)  G,  none,  or  unknown. 

(176.)  L  none»  or  unknown. 

(177,)  K.  With  regiurd  to  the  compounds  formed  by 
hydro-fltioric  Acid  with  salifiable  bases,  we  shall  abridge 
the  following;  p^eneral  notice  from  Thenard^s  system. 

The  hydro -flu  ate  of  ammonia  is  obtained  by  adding 
a  dilute  solution  of  ammonia  to  hydro-fluoric  Acid, 
until  llie  alkali  be  sli*rhtly  in  excess,  and  then  evapo- 
rating by  a  gentle  heat, 

Ot"  the  metallic  hydro-fluates  there  are  twenty-one 
single  ones  already  described,  besides  some  double 
ones.  Of  these  twenty-one,  tifteen  belong-  to  the  ftrst 
three  sections,  and  the  six  others  are  those  of  cobalt, 
copper,  silver,  lead,  and  mercury. 

All  these  hydro-fluates  are  fusible  by  he  J  I,  provided 
they  do  not  *mdergo  decomposition.  None  of  these 
Salts,  if  perfectly  dry,  could  be  decomposed  by  fire^  but 
if  humid,  it  is  possible  that  many  of  them  might  un- 
dergo partial  or  total  decomposition,  because  water  has 
a  strong  affinity  for  hydro -fluoric  Acid,  and  consequently 
in  disengaging  itself  it  might  either  wholly  or  in  part 
€:arry  ofl'  the  Acid  along  with  it.  This  ctlcct  is  never 
produced  upon  the  neutral  hydro-ffuates  of  the  second 
section,  nor  on  those  of  magnesia,  silver,  zinc,  and 
iron  ;  but  it  does  take  place  with  those  of  lead,  coball, 
and  copper,  and  they  become  reduced  to  the  stute  of 
sab  hyd  r  o-  fl  u  at  es. 

With  regard  to  the  action  of  the  simple  combustibles 
upon  the  hydro-fluates,  much  might  be  said,  which 
entirely  depends  npon  the  theoretical  view  taken  of  tlie 
elementary  body  we  are  now  describing.  The  relation 
existing  between  boron  and  this  base  has  already  been 
noticed  ;  and  it  seems  probable  that  combinations  with 
Other  substances  of  this  class  may  yet  be  discovered. 

(178.)  Water  dissolves  none  of  the  metallic  hydro- 
fluates  at  present  known  when  in  the  neutral  state  ; 
except  those  of  potash,  soda,  and  silver.  But  all  are 
soluble  in  an  excess  of  Acid. 

(179.)  The  salifiable  bases  seem  to  unite  with  hydt'o- 
fluoric  Acid  through  the  medium  of  water  in  this  order: 
lime,  barytes,  strontian,  potash,  soda,  ammonia,  mag- 
nesia, ^c. 

(180.)  "  The  boracic  Acid  is  the  only  one  which  is 
capable  of  decomposing  the  hydro-fluatesp<?r  «i?,  without 
the  aid  of  water.  If  a  mixture  of  two  parts  of  fluor 
spar  and  one  part  of  boracic  Acid  be  heated  nenrly  to 
redness  in  a  bent  gun*barrel,  we  obtain  a  residuum  of 
bydro-fluate  of  lime  and  boro-fluoric  (fluo-boric)  Acid 
Gas.  On  the  other  hand,  there  are  many  Acids  capable 
of  decomposing  the  hydro-fluates  through  the  medium 
of  water ;  such  are  the  sulphuric,  the  phosphoric,  the 
arsenic.  When  a  concentrated  sohition  of  tliese  Acids 
]:S  heated  with  u  bydro-fluate  in  a  leaden  or  silver  vessel, 
there  resuh,s  a  fixed  sulphate,  (ihosphate,  or  arseniate  j 
and  a  compound  of  hydro-flLioric  Acid  and  water,  which 
Is  disengaged  with  effervescence,  and  disperses  white 
pungent  vapours  through  the  atmosphere.  Sulphuric 
Acid   can  even  decompose  many  of  these  Salts  at  onr 

Ijnary  atmospheric  temperature.     Many  also  are  de- 


composed by  the   nitric,  liydro-chloric,  hydriodic,  and     ParlH. 
especially   by  the  hyclro-sulphuric;  but  in  no  case  by  "s^^y^^i^ 
the  sulphurous,  nitrous,  or  carbonic  Acids.** 

(181.)  Silica  hi?s,  like  water,  ihe  property  of  facili* 
tating  the  decomposition  of  the  liydrt»-fl nates.  For 
example^  if  pure  fluor  spar  be  caicined  v^Ith  acid  phog- 
phate  of  lime  in  an  iron  tube,  the  vitreous  Acid  phos- 
j>hate  of  lime  does  not  decom]M^se  the  fluor  at  the 
highest  temperature,  But  if  pyre  dry  silica  or  sand  be 
added,  the  decomposition  takes  place  at  a  low  red  heat; 
and  ]>hosphate  of  lime,  with  a  great  quantity  of  silico- 
fluoric  Acid  Gas,  are  the  results.  From  iliis  experiment 
Thenard  infers,  that  most  of  the  hydro-fluates  of  the 
last  four  sections,  which  are  not  decomposable  by  char- 
coal at  any  temperature  when  dry,  might  easily  be 
decomposed  by  that  body,  if  a  quantity  of  silica  were 
added  to  the  mixture.  Or  even  it  is  probable  that  this 
might  be  effected  by  sihca  alone  ;  for,  on  the  one  handt 
it  would  tend  to  unite  with  the  metallic  oxide,  and  on 
the  other  hand,  with  the  hydro-fluoric  Acid  ;  and,  in- 
deed, it  is  not  impossible  that  many  fl nates  of  the  first 
two  sections  may  be  similarly  aflected,  especially  at 
very  elevated  temperatures, 

(IB^.)  If  a  solution  of  hydro-fluate  of  ammonia^ 
potash,  or  roda,  be  added  to  a  solution  of  a  Salt  of 
barytes,  strontian,  lime,  magnesia,  alumina,  zinc,  iron» 
lead,  mercury,  &c.  fhe  insoluble  hyd m-fluates  of  these 
bases  are  precipitated:  at  least  if  the  solution  be 
nearly  neutral.  But  the  soluble  salts  of  glycina^ 
yttria,  and  scirconia  present  some  singularities.  ]\i  fact, 
by  adding  a  solution  of  hydro-fluate  of  potash  sligljtly 
acid  to  a  solution  of  the  hydro-chlorate  of  each  of  these 
salts,  all  being  slightly  acid,  we  obtain  on  the  one  hand 
a  precipitate  of  the  neutral  insoluble  hydro-fluutes» 
and  on  the  other,  the  soluble  hydro-chlorate  of  potash 
sensibly  alkaline,  (o.) 

(183.)  L.  On  this  point  we  have  little  to  add  to  that 
information  which  may  be  collected  from  the  last 
article.  The  presence  of  hjdro-flunric  Acid  in  a  com- 
pound is  usually  recognised  by  decomposing  that  com- 
pound with  sulphuric  Acid,  and  allowing  the  escaping 
Gas  to  corrode  glass.  Berzelius  has  given  modes  for 
recognising  it  in  mineral  bodies  in  his  Essaidc  V Employ 
duChalumeau^  p.  159. 

(184,)  M,  The  only  use  to  which  the  hydro-flnonc 
Acid  has  been  applied  is  in  the  etching  upon  glass. 
This  process  is  not  diflicult,  and  is  sometimes  very 
useful.  Coat  the  glass  with  a  thin  but  uniform  layer 
of  bees*- wax,  then  write  or  scrape  off  the  parts  that  are 
to  be  etched  with  some  sharp  inMrument,  so  as  to  leave 
the  surface  of  the  glass  quite  exposed.  Then  mix 
some  well-pounded  fluor  spar  witli  sulphuric  Acid  in  a 
leaden  or  platinum  crucible,  and  expose  it  to  a  moderate 
lamp  heat.  The  hydro- fluoric  Acid  Gas  will  escape  in 
white  fumes,  and  eat  into  the  exposed  surtacc  of  the 
glass.  The  wax  may  then  be  removed  by  heat  and  an 
indelible  writing  or  etching  is  found  upon  the  glass. 

Subnet  2. — ^iiico' fluoric  Acid, 

(185.)  By  this  term  we  mean  the  silicated  fluoric  Gas  Silico- 
of  Scheele,  Huo-silicic  Acid  of  Thomson,  and  fluate  of  ^uoricAciJ, 
silica  of  Thenard,  It  may  be  said  that,  as  we  adopt 
Davy's  and  Thomson's  opinions  on  the  nature  of  this 
Acid,  we  ought  to  adopt  Thomson's  name  for  it.  We 
by  no  means  claim  the  right  of  introducing  new  names, 
a  process  ever  replete  with  confusion  ;  but  if  the  com- 
pound of  hydrogen  with  fluorine  be  cafled  hydro-fluoric 
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CbeittUtry,  Acid,  so  also  should  the  compounds  of  silicon  and 
boron,  being-  also  Ac'ids^  be  called  silko-fluoHc  and  boro- 
Huoric  Acids.  Witness  also  hydro-chbric  Acid,  hydrio- 
cid  acid,  hydro-sulphurous  Acid»  &c. 

(186.)  A.  We  now  return  to  the  acid  compound  of 
silicon  and  fluorine  mentioned  Art,  (1 63.)  a  Gaseous  body 
which  does  not  exist  naturally  in  its  simple  form.  It 
was  discovered  by  Scheele,  (/).)  Priestley  examined  it 
further ;  (q,)  and  Dr.  John  Davy  published  a  paper  on 
it  in  1812.  (r.) 

(187.)  B.  To  obtain  this  Gas»  let  equal  quantities  of 
fluor  spar  and  pflass,  both  in  fine  powder,  be  just  formed 
into  a  paste  with  snlphuric  Acid.  This  paste  is  to  be 
exposed  to  a  moderate  lamp-heat  in  a  small  retort, 
which  in  this  case  may  be  of  g'lass.  The  silico-fluonr 
Acid  Gas  will  be  evolved  in  considerable  quantity,  and 
jn»y  be  collected  over  the  mercurial  troug-h, 

SiHco-fluoric  Acid  consists  of 
1  pro|X)rtion  silicon. .    LOO^ 
1  proportion  fluorine     2/25  ^, Thomson. 


(188.)  C.  This  Gas  is  colourless,  baa  n  smell 
much  like  that  of  mnriatic  Acid,  has  an  acid  taste,  and 
reddens  vce^ctable  blues.  It  produces  white  fumes  on 
mixitig  with  atmospheric  air.  It  does  not  support 
combu.stion^  nor  must  any  quantity,  however  small,  be 
suli'ered  to  enter  the  lung-s.  Its  Specific  Gravity,  ac- 
coidinjr  to  Dr.  Davy,  is  3.5735»  or  3.0111  according^  to 
Thomson.  Water  absorbs  this  Gas  In  g^reat  quantity, 
but  at  the  same  time  the  Gas  sulFers  decomposition,  and 
pari  of  the  silica  is  deposited.  Heat  alone  is  not 
capable  of  decomposing  this  Gas- 

(189.)  D,E,  F,  G.  Unknown. 

(190.)  H.  No  substance  from  this  class  of  bodies 
will  decompose  silico- fluoric  Acid  even  with  the  aid  of 
heat. 

(191.)  I.  The  metals  of  the  last  four  sections  have 
no  action  on  this  Acid  at  any  temperature.  But  if 
potassium  or  sodium  be  placed  in  tln^*  Gns,  and  then 
heated,  a  violent  action  takes  place,  the  Gas  is  absorbed, 
all  metallic  appearance  is  lost,  and  a  chocolate-brown 
substance  remains*  When  this  substance  is  put  into 
water  there  is  a  slight  elfervescence*  hydrogen  escapes, 
and  hydro-fluates  of  silica  and  of  potash  or  soda  Are 
formed 

(192.)  K.  Silico-fliioric  Acid  Gas  tinites  with  twice 
Us  volume  of  Gaseous  ammonia,  and  furms  a  Salt  which 
i^  volatile  below  a  red  heat,  and  from  which  water  can 
separate  some  part  of  its  silica;  but  if  placed  in  con- 
tact with  liquid  ammonia,  the  virbole.  of  the  silica  sepa- 
rates, and  hydro-flu  ate  of  ammonia  is  formed. 

The  si!ico'fluates  of  potash,  soda,  lime,  and  barytes, 
arc  formed  by  adding  a  solution  of  silico-Ouoric  Acid 
Gas  in  water  to  the  solutions  of  these  bases  respect- 
ively ;  but  it  must  be  remembered  that,  in  all  these  com- 
pounds, the  Silica  ejtists  in  a  smaller  proportion  than  in 
the  original  (las,  as  some  portion  of  that  earth  will 
separate  whenever  the  gas  enters  into  union  with  water. 

(193.)  L.  Nothings  can  be  said  on  this  point  in 
additioti  to  what  is  obvious  from  the  properties  already 
noticed. 

(194.)  M.  None. 


that  boron  united  with  fluorine  to   form  n  powerfully    M 
acid  Gas.  (*.)  \mi 

(19^.)   B,  The  process  for  obtainins^  this  Gas,  recom* 
mended  by  Dr.  J,  Davy,  is  to  mix  fused  boracic  Acirlia 
fine  f^owder  one  part ;    fluor  spar  in  powder  two  parti ; 
and  sulphuric  Acid  twelve  parts.   Tliis  compound  i%to  b«  I 
gently  healed  ovt* r a  lamp.and  the  Gas  collected  over  mm] 
cury  ;  or  by  exposing  mixture  of  VmracicAdd  and  floor  j 
spar  in  fine  powder  to  a  red  heat  in  a  pruu-barrel.  (t) 

(197.)  C.  Boro- fluoric  Acid  Gas  thus  obtained  ii] 
colourless,  has  the  smel!  of  hvdro-chloric  Add,  reddenf  I 
veg^etable  blues,  nnd  has  an  acid  taste.  Dr.  Davy  ststf%l 
that  water  will  absorb  700  times  hs  volume  of  thi«Gis;| 
it  then  becomes  a  liighly  Acid  Liquid,  capable  of  for 
an  ether  when  distilled  with  alcohol.  It  has  no  actioftl 
upon  glass;  instantly  carbonizes  animal  and  vegtiahlli 
substances  ;  is  nul  dect  mposed  by  a  red  heat, 

(198.)  D.  When  this  Gas  is  mixed  with  oxygen  mi 
decomposHinn  is  prodirceii ;  but  it  seizes  with  a%i«Ht|^ 
any  moisture  that  may  be  present,  and  thus  forms  white 
fumes  of  vapour.     The  same  takes  place  Willi  all  other 
gases. 

(199.)  E.  As  with  oxygen. 

(200:)  F.  Unexamined. 

(201.)   G.   Unexamined. 

(20^.)  U«  No  simple  composition  has  any  action  oi 
this  Gas. 

(203.)  I.  Amon^  the  metals,  those  of  the  third,  foorflt, 
fifth  and  sixth  classes  will  not  decompose  boro-floodc 
Acid  Gas.  Its  decomposition  has,  however,  been  elf«t«I 
by  |>otus5ium  and  sodium.  These  metals,  when  healed 
in  the  Gas,  bumalmostasin  oxyg;en;  boron  and  fliwrid* 
of  potassium  or  sodium  result  from  that  decomposkiort 
When  water  is  adiled,  an  alkaline  hydro- flu  ate  is  formed 
in  solution,  and  boron  remj^ins, 

(204.)  K.  The  combination  of  thi*?  Gras  mth  amooiiia 
is  the  only  Salt  of  this  Acid  that  has  been  exaciined. 
Of  the  boro'finate  of  ammonia  there  exist  three  Tsrre- 
ties ;  the  first  a  .solid  opake  Salt ;  the  second  and  third 
both  are  Liquids,  though  they  contain  no  water:  by  a- 
posure  to  the  air  they  pari  with  ammonia,  and  pass  inli* 
the  first  variety.  (^) 

(205.)  L.  The  only  application  of  this  sabstmce 
which  has  beeu  suggested,  is  as  a  reap^ent,  in  detect 
moisture  in  other  Gases,  which  it  readily  doeii,  by  the 
white  fume  formed  when  even  only  a  very  small  pofliOT 
of  aqueous  vapour  is  present. 

(206.)  M,  None. 
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Stibsect  3, — Boro-Jiuoric  Acid, 
(195.)  A*  Gay  L  us  sac  and  Thenard  first  discovered 


(a.)  D^yy,  Phihsopkical  Transactions^  IBlS^p,^ 

(b.)  Ibid.  p.  2m.   (c.)  Ibid.  p.  271,    (d.)  nn, 

275.      ((?.)    Geo,  Agricoia,  p,   459,   Ed.   Basil,  15S 
(yi )  Colkdin 71  A  cadem  i^  « f ,  vol .  x vi.  p .  29 1 ,     ( ^ , ) 
moires  de  Chymitdc  Scheele,  vol.  i.  p.  L     (A.)  Priestlr 
On  Air,  vol  ii.  p,  339.  (i.)  Neues  Entdeck,  in  der  Che 
Th.  vol.  i .  p;  1 — i  5,  (L )  Ut  mtprci,  ref.  (e, )   (/,)  Sc^r 
der  Berlifttr  G'^:ieliseh.  Naturf,  Fr„  vol,  11      (m.) 
iowphical  TramaciioTis^  1812,  p.  352.      (i».)  Ree 
PhyiicO'Cheniiqnes^  vol.  ii.  p.  1»  &c.     (o.)  Gay 
and  111  en  a  rd^  Recherckes  Pkysico-ChemtqurM^  vol,  ii,  p,2T*'j 
ip.)  Scheele,  Mhn.  de  CA.  vol  i.  p.  24.     (g.)  PricMlej, 
On  Air,  vol  ii.   p.  330.     (r.)   J.  Davy,  Phiimophitk] 
TrajisucUom,  1812,   p.   852.     (t.)    Gay   Lnssac  and 
Thenard,  Mem.  ctArcueii,  vol,  iL  p.  317.  andjR^cArrdbi 


.  voL  ii.  |>.d7.     iLyJ,JiB,\yt  PkiloiophicaiTramadmia, 
-  1812,  p.  36S. 

§  4. — Iodine. 

(207.)  A.  The  discovery  of  Iodine  resulted  from  an 
examination  made  by  M.  Coiinois,  a  suUpetre-mana- 
ikcturer  at  Paris,  into  the  cause  of  ihe  corrosion  which 
toak  place  npon  the  metallic  vessels  in  which  he  sepa- 
rated soda  from  the  ashes  of  8ea> weeds.  It  was  in 
1612  that  he  thus  detectetl  this  curious  body  and  sub- 
mitted it  to  MM.  Clement  and  Desormeu  for  further 
examination.  The  more  complete  inquiries  inio  its 
nature  were,  however,  mude  by  M.  Gay  Lussac  and 
Sir  H.  Davy,  about  tlie  same  time,  viz.  in  18J3.  The 
name  Iodine  was  deriyed  by  M,  Gay  Lussac  from 
§moff^,  violaceus :  a  property  belong-ing  to  it  in  the 
Gaseous  state.  There  seems  to  be  considerable  varia- 
tion in  ihe  quantities  of  Iodine  produced  from  diflerent 
species  of  sea-weed,  obtained  from  different  places.  Dr. 
Pyfe  has  published  an  examination  of  several  of  these, 
fiftJDi  which  he  obtained  Iodine  by  adding  sulphuric  Acid 
to  very  concentrated  infusions  of  the  Aigfp,  (^enus 
Pitcitx,)  made  by  macerating^  them  in  hot  water,  (a.) 

(208.)  B.  The  marine  plants  that  we  have  men- 
tioned are  collected  in  lars^-e  qnaiitilies,  and  burned  in 
heaps  on  the  sea-shore.  The  a^hes  are  collected  and 
eold  under  the  name  of  kelp  to  (lie  soap-mannfiictnrers 
for  the  sake  of  the  soda  that  they  contain*  It  is  from 
this  kelp  that  Iodine  is  most  readily  obtained.  The 
process  for  which  we  are  indebted  to  Dr,  Wollaston  is 
much  the  most  commodious.  The  soluble  part  of  the 
Icelp  is  to  be  dissolved  in  water:  evaporate  the  liquor 
IM>  as  to  separate  all  ibe  crystals  that  can  be  obtained, 
Pbnr  off  the  remaining"  Liquid  into  a  clear  vessel.,  and 
add  to  it  an  excess  of  snlphuric  Acid.  By  boiling  this 
Liquid  for  some  time  snlphur  is  precipitated  and  hydro- 
chloric Acid  is  driven  off.  Decani  the  clear  liquor  and 
strain  it  through  wool.  Then  put  it  into  a  small  flask, 
&nd  mix  with  it  as  much  black  oxide  of  manfranese  as 
of  sulphuric  Acid  used  before.  Apply  to  Ihe  top  of  the 
fiask  a  grlass  tube,  closed  at  one  end.  Then  heat  the 
mtxture  in  the  flaMk.  The  Iodine  sublimes  into  the 
glass  tube. 

Dr.  Ure  obtained  Iodine  in  considerable  quantity 
from  ihe  waste  ley  which  had  been  employed  in  making 
soap  from  Scotch  kelp,  (b,) 

(209.)  C.  Iodine  ihns  obtained  is  conRidered  a  sim- 
ple body.  It  is  solid  at  our  ordinary  temperatures.  It 
is  generally  seen  in  small  imperfect  crystals  of  a  lamel- 
lar structure-,  is  of  very  slight  tenacity;  is  of  a  blackish 
blue  colour,  with  some  metallic  lustre;  and  has  a  good 
deal  the  appearance  of  a  granular  plumbago,  or  native 
sulphuret  of  antimony.  By  careful  sublimation  it  is 
readily  obtained  in  crystals,  the  primary  form  of  which 
has  been  determined  by  Dr  Wollapton  to  be  an  octo- 
hedron,  whose  axes  are  nearly  in  the  ratio  of  2  :3r4. 
(c.)  Its  Specific  Gravity  is  4.948  at  temperature  62*^.5 
Fahrenheit,  (fA)  according  toThenard,  but  oidy  3.0844 
according  to  Thomson.  The  taste  of  Iodine  is  acrid 
and  hot,  and  its  effects  are  poisonous,  lis  smell  is  like 
that  of  chlorine  or  chloride  of  sulphur.  It  is  slightly 
Tolatilc  at  even  ordinary  atmospheric  temperatures  r  it 
luses  at  226^  Fahrenheit,  and  boils  at  347"^  Fahrenheit, 
but  the  colour  of  its  vapour  may  be  rendered  obvious 
even  at  100*^  Fahrenheit ;  and  it  entirely  assumes  the 
form  of  a  beautiful  violet  coloured  Gas  much  below 
212'^  Fahrenheit,  under  the  common  atmospheric  pres* 


sure.  It  is  not  a  conduclor  of  Electricity,  ibr  if  a  small 
fragment  l>e  placed  between  wires,  so  as  to  form  a  part 
of  the  Voltaic  circuit,  the  decomposition  of  water  docs 
not  take  place.  Iodine  is  soluble  in  7000  times  its 
weigiit  of  water,  but  it  is  much  more  soluble  in  alcohol, 
and  slili  more  so  in  ether. 

(210.)  D,  The  union  of  oxygen  with  Iodine  may  be 
€fl*ected  indirectly :  and  tbus  a  |>eculiar  proximate  ele- 
ment is  formed,  the  Iodic  Acid^  See  subsect.  ].  Iodine 
is,  in  fact,  capable  of  expelling  oxygen  from  botli  sulphur 
and  phosphorus.  Professor  Sementim  of  Naples  has 
discovered  auolher  compound  of  oxygen  and  Iodine 
which  be  calls  lodous  Acid,  but  as  yet  its  properties  are 
little  known,  (o.) 

(21  L)  E.  Sir  H.  Davy  formed  the  combination  be- 
tween Iodine  and  chloriQe  at  Florence  in  1314,  and  thus 
discovered  Chtoriodk  Acid.     See  subsect.  2. 

(212,)  F,  The  direct  union  between  Iodine  and 
fluorine  is  of  course  yet  unknown,  but  M.  Gay  Liitssac 
examined  the  action  between  fluate  of  potash  (or 
fluoride  of  potassium)  and  Iodine :  be  says,  **  Sulpblle 
of  potash  was  not  altered  by  Iodine,  but  what  may 
appear  astonishing,  I  obtained  oxygen  with  the  fluate 
of  potash,  (fluoride  of  potassium,)  and  the  glass  tube  in 
which  the  operation  was  conducted  underwent  corro- 
sion. On  examining  the  circumstances  of  the  experi- 
ment, I  ascertaiued  that  the  fluate  became  alkaline 
when  melted  in  a  platinum  crucible.  This  happened 
to  the  fluate  over  which  I  passed  Iodine.  It  appears 
then  that  the  Iodine  acts  upon  the  excess  of  alkali  and 
decomposes  it.  The  beat  produced  disengages  a  new 
portion  of  fluoric  Acid  or  its  radical,  which  corrodes 
ibe  glass  ;  and  thus,  by  degrees,  the  fluate  is  entirely 
decomposed/' 

(213.)  H.  Of  the  substances  belonging  to  this  divi- 
sion loiliae  combines  with  hydrogen,  phosphorus,  sul- 
phur, and  azote.  The  affinity  of  Iodine  for  hydrogen  is 
very  considerable.  It  decomposes  many  substances  in 
order  to  obtain  it,  and  liy  the  aid  of  heat,  it  is  capable 
of  absorbing  a  considerable  quantity  of  this  Gas.  Thus 
is  formed  a  peculiar  Acid,  the  Hydriodic,  to  be  described 
in  subsect,  3. 

(214.)  Iodine  and  phosphorus  unite  when  gently 
heated  together  in  a  glass  tube  over  charcoal,  Tlie 
tbrmatinn  of  Iodide  of  phosphorus  takes  place  with 
increa,se  of  heat,  but  widiout  the  evolution  of  light, 
(rf,  p,  9.) 

(215.)  Snlphur  unites  with  Iodine  readily,  but  not 
with  energetic  action.  Iodide  of  sulphur  may  be 
formed  by  combining  the  substances  at  a  moderate 
heat;  which  heat,  if  again  increased,  readily  produces 
their  separation,  lAid  Iodine  vapour  escapes. 

Iodine  and  carbon  have  not  yet  been  united,  nor 
have  we  any  in  formal  ion  respecting  the  action  of  Iodine 
with  boron  or  seleniou. 

(216.)  The  compound  of  lotline  with  azote  was  first 
formed  by  M.  Courtois,  by  simply  putting  a  quantity  of 
Iodine  into  a  solution  of  ammonia  in  water.  A  process 
of  decomposition  takes  place,  ammonia  is  decomposed, 
and  the  new  compounds  resulting  are  iodide  of  azote 
and  hydriodate  of  ammoniu.  The  latter  remains  in 
solution  ;  the  former  falls  down  in  the  flirm  of  a  black 
powder.  In  a  quarter  of  an  hour  the  process  is 
complete  and  the  Iodide  may  be  washed  upon  a  filter. 
This  substance  possesses  violent  detonating  properties ; 
when  quite  dry  it  will  explode  spontaneously;  and 
when  moist  it  will  do  so  with  only  a  very  slight  pressure. 
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When  this  detonation  is  made  in  close  vessels,  azote 
and  Iodine  are  found  to  he  the  sr>le  products.   (A.)  (i.) 

(217.)  I.  *•  Thouf^h  as  yet  Iodine  has  been  united 
only  to  potassium,  sodiym,  zinc,  iron,  tiii,  antimony, 
hisniuth.  copper,  lead,  mercury,  and  silver,  yet  it  ap- 
pears that  this  substance  possesses,  like  chlorine,  the 
property  of  combiiiinpf  with  all  the  metals.  It  is  also 
certain  that  the  Iodides  are  subject  to  the  same  law  of 
composition  with  the  chlorides  and  the  sulphurets;  for 
fir^t,  when  they  are  placed  in  water  tfiey  decompose  it, 
and  possess  themselves  of  its  two  constituent  elements, 
thus  transforming'  themselves  into  hydriodates.  2.  If 
ifre  calcine  the  hydriodates  of  the  protoxides  of  potas- 
sium, sodium.  &c.  the  result  is  water  and  Iodides,  3. 
When  tlie  liydriodic  Acid  is  placed  iti  contact  with 
oxides,  and  it  decomposes  them,  there  also  result 
Iodides  and  water*  The  quantity  of  Iodine  hi  the 
Iodides  is  therefore  proportioaa!  to  the  quantity  of  f)xy- 
g-en  in  the  oxides* 

**  All  the  Iodides  at  jjresent  known  are  solid,  brittle, 
and  scentless :  the  fifreater  part  have  some  flavovu', 
and  the  greater  part  also  crysiallize  :  many  ate  without 
colour.  Among;  those  that  are  coloured,  many  have  a 
very  deep  tint*  The  Iodide  of  lead  is  a  \i\id  yellow; 
the  protiodide  of  mercury  is  a  beautiful  yellow;  and  the 
deutiodide  is  a  vermilion  red* 

**  Some  Iodides  are  volatile  :  such  as  those  of  potas- 
sium, sodium,  zinc,  and  mercury. 

**  All,  excepting  those  of  potassium,  sodium,  lead^ 
and  bismuth,  are  decomposed  by  oxyg^en  at  a  red  lieat. 
Iodine  is  diseng^a^red  in  violet  vapours  and  the  metal  is 
oxidated.  Some,  like  the  Iodide  of  zinc,  deliquesce  by 
exposure  to  tlie  air. 

"  When  placed  in  contact  with  water,  the  Iodides  of 
potassium,  sodium,  seine,  and  iron  decompose  it  in- 
standy,  and  dissolve  therein,  passing-  to  tlie  state  of 
hydriodates.  It  is  probabie  that  the  same  takes  place 
with  the  remaining  Iodides  of  the  two  first  classes  of 
metals. 

*'  The  Iodides  of  tin  and  antimony  also  effect,  at  com- 
mon temperatures,  the  decomposition  of  water  ;  but  the 
hydriodic  Acid  does  not  unite  to  tlie  metallic  oxides; 
these  are  precipitated,  while  the  Acid  remains  in  the 
liquid. 

'*  Those  of  bismuth,  copper,  lead,  mercury,  silver, 
and,  in  g'eneral,  almost  all  those  formed  of  metals  which 
do  not  decompose  water,  are,  on  the  contrary,  inert 
when  placed  in  it,  and  are  not  dissolved, 

""*  Iodine  is  expelled  from  its  combinations  with 
metals  by  chlorine  at  a  high  temperature  :  but  at  such 
a  temperature  it  has  almost  always  an  affinity  for  the 
metals  superior  to  that  of  sulf>hur  ami  phosphorus. 

**  Lastly,  there  is  no  Iodide  known,  wherein  the 
concentrated  sulphuric  or  nitric  Acids  cannot  oxidate 
the  metal  and  disengage  the  Iodine.^'  (e*  Art.  248.) 

(218.)  L,  The  mutual  action  between  starch  and 
Iodine  is  very  striking.  Slromeyer  asserts  that  a  solu- 
tion containing  only  1  — 4£>0000th  part  of  Iodine  pro- 
duces a  blue  colour  when  mixed  with  a  solution  of 
starch*  (/)  This  colour  varies  from  a  delicate  blue  to 
a  deep  black,  in  proportion  to  the  quantity  of  Iodine 
presentp  To  ascertain  whether  a  vegetable  root  con- 
tains starch,  the  root  is  cut  transversely,  and  a  drop 
of  alcoholic  solution  of  Icxiine  is  let  fall  upon  tlie  cut 
surface ;  if  the  root  contains  any  of  that  fjecula  of 
which  starch  consists,  the  drop  exhibits  a  blue  tint. 
Should  the  Iodine  exist  iu  a  state  of  combination,  it  is 


necessary  to  add  a  few  drops  of  salphiiric  Acid  to  dn*  l^ 
engage  it,  previous  to  the  ajiplication  of  the  test  Willi  S^ 
this  reagent  the  presence  of  starch  may  be  reecifnised 
in  the  solutions  of  some  gums  but  not  in  those  of 
others.  By  the  help  of  this  substance  meiaUic  pallA* 
dium  maybe  distinguished  from  metallic  platinum*  A 
drop  of  the  tincture  of  Iodine  is  placed  upon  the  po« 
lished  surface  and  suffered  to  remain  there.  A  black 
spot  will  he  found  upon  l>ot[i  metals,  but  that  upon 
platinum  may  be  removed  by  heating  the  metal  wliiltj 
that  on  palladium  cannot. 

(319.)  M.  Several  preparations  of  Iodine  bare 
recently  introduced  into  Medical  practice,  for  a1 
this  substance   is  an  active   i>oison,  yet,   as  in 
such  cases,  it  may  be  exhibited  in   very  small  quan* 
titles:  and  the  general  opinion  seems  to  be  that  it  inll 
form  a  valuable  addition  to  the  Materia  Medico^    Oft 
this  head  we  can  only  direct  our  readers  to  M.  Majtft* 
die*s   interesting  Work,  (g.)     The  most  striking  effedi 
seem  lo  have  consisted  in  the  dispersion  of  the  goitre; 
and  for  this  purpose  it  is  now  much  employed  in  Swij. 
serland. 

Suhect.  1. — Iodic  Acid,     Oxiodic  Acid  of  Davy. 

(220.)  A*  This  Acid  is  said  to  have  been  first  cecof'  li 
nised  by  M.  Gay  Lussac,  but  it  was  first  obtained  in  i 
pure  stale  by  Sir  H.  Davy.     It  is  entirely  an  artificjii 
product,  not  having  been  found  in  Nature  either  ia  i 
simple  or  combined  form. 

(221.)  B.  To  obtain  Iodic  Acid  :—'*  Put  40  gmiiisaf 
Iodine  into  a  thin,  long*necked  receiver.     Into  a  bat 
glass  tube,  shut  at  one  end,  put  100  grains  of  chlontt 
of  potash,  and  pour  upon  it  400  grains  of  hydrochlwic 
Acid,  of  Specidc  Gravity  L105:  then  make  the  Uat 
tube  communicate  with  the  receiver  and  apply  a  gentle 
heat.     Protoxide  of  chlorine  is  generated,  which  should 
be   made   to  jiass  through   dry  chloride  of  calcium,  in 
order  to  separate  moisture.     As  soon  as   it  meets  with 
the  Iodine   two   new   compounds   are  formed ;  1st,  ( 
compound  of  Iodine  and  chlorine — chloriodic  Add; 
and,  2dly,  a  compound  of  oxygen  and  iodine— K)xlodi9| 
Acid.     When  heat  is  applied  to  this  mixture,  Ibe  chb- 
riodic  Acid,  whicli  is  volatile,  flies  off»  and  the  o»odk 
Acid  is  left  pure."  {k.) 

(222.)  C.  In  this  state  it  is  a  white  semt transparent 
solid,  without  smell,  but  having  a  strongly  acid  ilavoar. 
In  Specific  Gravity  it  exceeds  sulphuric  Acid,  as  il  will 
sink  in  that  fluid*     It  first  reddens  and  tlien  deslroi^ 
the  colour   of  vegetable   blues.     It  attracts  moist! 
from  the  air  slightly,  and  is  very  soluble  in  water.    Si 
a    solution    gradually   thickens  by   evaporation; 
becomes  pasty,  and  ends  by  remaining  pure  Iodic  AckL 
By  a  heat  rather  below  the  boiling  temperature  of  olivi 
oil  it  is  decomposed  into  oxygen  Gas  and  Iodine  rapoin; 
(rf.  p,  75.)  and  (it.) 

(223*)  D*  £.  F.  G.  unimportant  or  unexamined. 

(224*)  H.  The  combustible  bodies  exert  a  powtTiiil 
action  on  Iodic  Acid  :  for  wtien  it  is  heated  with  carboo, 
sulphur,  restns,  or  sugar,  a  sudden  detonatioD  takw 
place.  j^ 

(225.)  I.  The  same  efifects  are  produced  by  manyflTV 
the  metals  when  Ibe^  are  in  a  state  of  minute  divv 
si  on* 

(226.)  K-  Iodic  Acid  unites  with  the  sulphuric,  phtK- 
phoric,  nitric,  and  boracic  Acids,  forming  crjstaUiue 
compounds  with  the  three  first.     It  is  decomposed  by 
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pharous,  phosphorous,  hydriodic  and  hydro-sul- 
s  Acids. 

a  example  of  one  these  compounds :  let  sulphuric 
»e  added  drop  by  drop  to  a  cold  concentrated 
D  of  Iodic  Acid.  A  precipitate  immediately  takes 
of  lodo-nUphuric  Acid.  This  compound  fuses 
sxposed  to  a  gentle  heat,  and  crystallizes,  on 
;  in  rhomboids  of  a  pale  yellow  colour.  By  a 
Mywerful  heat,  it  is  partly  sublimed  unchanged, 
rtly  decomposed  into  oxygen,  iodine,  and  sulphu- 
U.  These  compound  Acids  have  such  energy  in 
:tlon  upon  metals  as  to  dissolve  even  platinum. 
lie  and  hydro-chloric  Acids  mutually  decompose 
her ;  producing  water  and  chloriodic  Acid. 
I  the  salifiable  bases  Iodic  Acid  forms  Salts :  and 
hen  neutral  are  in  general  of  very  slight  solu- 

So  g^reat  is  its  affinity  for  the  oxides  of  lead  and 
f,  that  it  precipitates  them  both  from  their  solu- 

nitric  Acid.  The  iodates  of  ammonia,  soda, 
lime,  barytes,  strontia,  zinc,  and  silver  have  been 
ed.  (n.) 

)  L.  See  (215.) 
)  M.  None  at  present  known. 

Subsed.  2.  ^Chloriodic  Acid^ 

)  A.  This  substance,  which  is  entirely  an  arti- 
oduction,  was  discovered  about  the  same  time 
Sir  H.  Davy  and  M.  Gay  Lussac. 
)  B.  Chloriodic  Acid  is  formed  by  passing  a 
of  chlorine  Gas  into  a  vessel  containing  iodine, 
ine  absorbs  the  Gas  and  a  yellow  substance  re- 
hich  by  being  fused  with  a  gentle  heat  assumes 
g^  colour  ;  but  is  red  if  the  iodine  be  in  excess, 
complete  saturation  of  the  iodine,  this  red  sub- 
nost  be  dissolved  in  water,  and  then  through 
ition  a  current  of  chlorine  is  to  be  passed  until 
>n  takes  place.  Solution  of  Chloriodic  Acid  thus 
is  a  clear  liquid,  provided  neither  of  the  elements 
cess. 

)  C.  It  would  seem  from  Davy's  experiments 
}  difficult  to  form  Chloriodic  Acid  as  a  definite 
nd.  When  the  chlorine  is  in  defect  the  sub- 
i  solid,  but  when  the  quantity  of  chlorine  is  con- 
p,  both  substances  seem  to  rise  in  vapour, 
still  in  a  state  of  combination.  The  solution 
igly  acid  properties  and  destroys  vegetable  blues. 
)  D.  F.  H.  Unexamined,  or  unimportant. 
)  I.  Chloriodic  Acid  seems  to  have  a  powerful 
iction  with  some  of  the  metals,  for  it  is  decom- 
f  mercury,  which  renders  experiments  upon  this 
»  extremely  difficult  and  unsatisfactory. 
)  K.  It  seems  impossible  to  combine  this  Acid 
(es,  for  whenever  such  were  presented  to  it,  the 
as  decomposed,  muriatic  and  iodic  Acid  being 
It 
I  L.  On  this  head  consult  Iodine  L,  and  Chlo- 

I  M.  None  at  present ;  but  Sir  H.  Davy,  by 
birds  on  bread  soaked  in  the  solution  of  this 
oved  that  it  is  not  poisonous  like  pure  iodine,  (ji. 


SubsecL  3. — Hydriodic  Acid. 

I  A.  This  Acid  was  doubtless  first  produced 
iring  the  experiments  of  M.  Courtois  or  of  MM 
v. 


Clement  and  Desormes,  but  its  accurate  examination 
was  undertaken  b^  M.  Gay  Lussac  and  Sir  H.  Davy. 
It  would  seem  that  the  hydriodate  of  potash  exists  in 
the  Fuel  only  and  in  some  of  the  Sponges. 

(238.)  B.  Hydrogen  and  iodine  if  placed  in  contact 
enter  into  combination  upon  a  moderate  elevation  of 
temperature.  But  there  are  other  and  better  processes 
for  obtaining  Hydriodic  Acid  which  depend  upon  present- 
ing the  hydrogen  to  the  iodine  in  a  nascent  state.  Of 
these  we  prefer  the  following.  Put  into  a  small  tube 
retort  eight  parts  of  iodine  and  one  of  phosporus,  and 
let  this  mixture  be  slightly  moistened  with  water.  Then 
by  the  application  of  a  very  gentle  heat  the  Hydriodic 
Acid  comes  over  rapidly  in  the  form  of  a  Gas  which  may 
be  collected  over  mercury,  though  mercury  decomposes 
some  of  it :  or  it  may  be  passed  into  water  in  which  it 
is  soluble,  and  may  be  kept  for  use  as  a  test  Another 
excellent  method  is  to  diffuse  iodine  through  water  and 
then  to  pass  a  current  of  hydro-sulphuric  Acid  through 
the  water  :  the  hydrogen  combines  with  the  iodine,  the 
Hydriodic  Acid  remaining  in  solution,  and  the  sulphur 
is  precipitated.  Time  should  be  allowed  for  the  sulphur 
to  subside,  and  any  excess  of  Hydro-sulphuric  Acid  re- 
maining in  the  liquid  maybe  dissipated  by  the  appli- 
cation of  a  moderate  heat.  In  this  manner,  also,  the 
Acid  may  with  care  be  considerably  concentrated.  This 
Acid  consists  of  one  volume  of  iodine  vapour  -f  one 
volume  of  hydrogen. 

(239.)  C.  Hydriodic  Acid  when  pure  is  a  colourless 
Gas,  very  acid  to  the  taste,  strongly  reddening  vegetable 
blues,  and  having  a  powerful  smell,  extinguishing 
combustion,  and  forming  white  fumes  as  it  comes  in 
contact  with  atmospheric  air.  Water  absorbs  this  Gas 
with  avidity,  and  by  careful  evaporation  a  solution  of 
Specific  Gravity  1.7  may  be  obtained.  A  red  heat  de- 
composes Gaseous  Hydriodic  Acid. 

(240.)  D.  By  admixture  with  oxygen  Gas,  Hydriodic 
Acid  Gas  is  entirely  decomposed.  Water  being  formed, 
the  iodine  remains  free. 

(241.)  E.  By  admixture  with  chlorine  decomposition 
also  takes  place :  the  chlorine  seizes  upon  the  hydro- 
gen to  form  hydrochloric  Acid  :  and  the  iodine  vapour 
gradually  condenses  into  the  solid  form. 
(242.)  F.  and  H.  Unknown. 
(243.)  I.  Potassium,  sodium,  zinc,  iron,  mercury,  and 
many  other  metals  decompose  this  Acid :  hydrogen  is 
liberated,  and  metallic  iodides  are  formed. 

(244.)  K.  The  hydrochloric,  hydro-sulphuric,  and  sul- 
phurous Acids  do  not  affect  the  Hydriodic  Acid  when 
brought  in  contact  with  it,  but  concentrated  sulphuric 
and  nitric  Acids  cede  a  part  of  their  oxygen  to  its  hydro- 
gen, so  that  from  this  double  decomposition  there  results 
a  deposit  of  iodine,  sulphurous  Acid  Gas,  or  deutoxide 
of  azote  and  water.  Solutions  of  iron,  also,  in  a  high  state 
of  oxidation,  throw  down  the  iodine :  as  also  some  other 
metals  which  produce  iodides. 

There  are  also  two  compounds  of  the  two  varieties  of 
phosphuretted  hydrogen  with  Hydriodic  Acid,  and  for 
these  see  (/.) 

With  bases  the  Hydriodic  Acid  forms  Salts,  which  are 
all  soluble  in  water,  and  for  the  most  part  crystal lizable. 
For  the  properties  of  these  we  would  refer  our  readers 
to  Thomson's  ChemiUry^  vol.  ii.  p.  277. 

(245.)  L.  *'  Hydriodate  of  potash  does  not  precipi- 
tate solutions  of  manganese,  nickel,  or  cobalt     Hence 
the  hydriodates  of  these  metals  are  soluble  in  water, 
Oay  Lussac  is  of  opinion  that  all  the  hydriodates  of  the 
4r 
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ChM^iUy.  metals  incapable  of  decomposing^  water  are  precipitated 
^M^v'^»^  by  hydriodate  of  soda.  The  precipitate  of  copper  is 
greyish  white ;-  that  of  lead  a  fine  orange  yellow  ;  that 
of  protoxide  of  mercury  greenish  yellow ;  that  of  per- 
oxide of  mercury  orange  red ;  that  of  silver  b  white ; 
tliat  of  bismuth  moreen.*'  Thomson,  (m.) 
(246.)  M.  None. 

References  in  §  4. 

(a.)  Fyfc,  Edin,  Phil  Joum.  vol.  i.  (6.)  Ure,  PhU. 
Mag.  vol.  1.  (c.)  Wollaston,  An.  Phil.  O.  S.  vol.  v.  p. 
237.  (d.)  Gay  Lussac,  An.  de  Ch.  vol.  xci.  p.  7.  (<».) 
Thenard,  Syst.  vol.  i.  (/.)  Stromeyer.  An.  Phil.  O.S. 
vol.  vi.  p.  812.  and  Gualtier  de  Claubry,  An.  de  Ch. 
vol.  xciii.  p.  75.  (g.)  Majendie,  Efnat  sur  la  PrSpara- 
Hon  H  Emploi  de  plusieun  nouveaux  Medicamens,  Paris, 
5lh  Edit.  1825.  (A.)  Davy,  Phil.  Tram.  1814.  p.  86. 
(i.)  Colin,  An.  de  Ch.  vol.  xci.  p.  262,  and  An.  de  Ch.  vol. 
Ixxxviii.  and  xc.  (k.)  Davy,  Phil.  Trans.  1815,  p.  204. 
(/.)  Dulong,  M^m.  iArcueU^  vol.  iii.  p.  450 ;  Houton 
Labillardiere,  Jour,  de  Pharmacies  vol.  iii.  p.  454  ; 
Thenarrfs  Syst,  vol.  i.  p.  733.  (m.)  Thomson's  Bytt. 
vol.  ii.  p.  279,  or  Thenard's  Sygt.  vol.  ii.  p.  637.  (n.) 
Thomson's  Syst.  vol.  ii.  p.  274.  (o.)  Quarterly  Jour- 
nal^  Sfc.  vol.  xvii.  p.  381. 

§  5.    Bromine, 

Bromine.  (^^'^0  ^*  Bromine  was  discovered  by  M.  Balard  of 

Montpelier,  (a.)  who  recognised  it  by  a  peculiar  yellow 
cloud  which  appeared  in  the  solutions  from  which  he 
precipitated  iodine  by  starch.  These  solutions  were 
obtained  from  the  lixivium  of  the  ashes  of  the  Fuci^ 
which  had  been  burned  for  the  purpose  of  obtaining 
their  alkaline  matter ;  and  also  firom  the  bittern  left 
after  the  evaporation  of  sea  water.  M.  Balard  con- 
siders that  this  substance  exists  in  small  quantity  in 
sea  water  as  a  hydro-bromate  of  magnesia.  Also  in 
marine  plants  growing  on  the  shores  of  the  Mediter- 
ranean; and  in  the  shell  of  the  lanihina  Violacea. 
M.  Liebeg  has  detected  it  in  the  saline  springrg  of 
Theodorshall,  near  Rreutznach.  (6.)  Bromine  is  con- 
sidered to  be  a  simple  substance,  having  properties  in- 
termediate between  those  of  chlorine  and  iodine,  which 
latter  substance  it  ought  to  have  preceded  in  our  Synop- 
tic Scheme.  (4.) 

(248.)  B.  The  best  process  for  obtaining  Bromine  is 
to  pass  a  current  of  chlorine  Gas  through  the  bittern  or 
the  lixivium  of  marine  plants,  and  aflerwards  to  agi- 
tate a  little  ether  with  the  liquid.  The  Bromine  is  taken 
up  by  the  ether,  which  assumes  a  deep  hyacinth  red 
colour,  and  by  being  lefl  quiet  for  a  short  time  rises 
to  the  surface.  This  solution  is  to  be  decanted  off,  and 
mixed  with  caustic  potash ;  it  thus  becomes  colourless, 
and  cubic  crystals  of  hydro-bromate  of  potash  are  ob- 
tained upon  evaporation. 

To  obtain  Bromine  from  these  crystals,  let  them  be 
reduced  to  powder  and  mixed  with  pure  peroxide  of 
manganese.  Put  this  mixture  into  a  retort  with  a  little 
sulphuric  Acid,  diluted  with  half  its  weight  of  water ; 
by  gentle  distillation  vapours  of  Bromine  are  disengaged, 
which  condense  in  red  drops  of  liquid ;  or,  to  assist  the 
condensation,  a  small  quantity  of  water  may  be  put  into 
the  receiver.  The  water  may  afterwards  be  entirely 
separated  by  distillation  from  dry  chloride  of  calcium. 

Bromine  may  also  be  obtained  in  its  liquid  state, 
though  not  perfectly  pure»  by  simply  distilling  it  from 


the  bittern  afler  that  liquid  has  been  acted  upon  liy 
chlorine  as  above  described.  ^ 

(249.)  C.  At  ordinary  temperatures  Bronme  is  a 
liquid,  of  a  blackish  red  colour  in  masa,  but  wbca  In 
a  thin  film  transmitting  hyacinth  red  light.     It  coiig«rii 
at  about  0^  Fahrenheit,  (c.)  and  boila  at  about  IM*^ 
Fahrenheit.     It  is  very  volatile,  emitting  red 
at  ordinary  temperatures  ;  but  it  undergoen  no 
from  either  a  red  heat  or  from  the  action  of  the 
pile.     It  is  absolutely  a  non-eondoctor  of  dedrielh: 
((f.)     Combustion  it  will  not  support.     It  is  solobha 
water,  alcohol,  and  readily  so  in  ether.     Like  diMe 
it  discharges  vegetable  blues,  but  without  teddtaj^ 
them.     Its  odour  and  taste  are  powerful  and  diiy^ 
able,  resembling  chlorine.    It  corrodes  animal  mlbnk 
and  produces  a  yellow  stain  on  the  skin,  which  4M^ 
disappears;  this  colour  is  less  intense  than  that p». 
duced  by  iodine.     Specific  Gravity  2.96.  (Balaid.) 

(250.)  D.  No  compound  of  Bromine  and  oij|a 
has  been  formed  directly ;  and  the  only  one  lint  Us 
been  formed  indirectly  is  the  Bromic  Acid.  See  idhndL 
1.  The  affinity  of  Bromine  for  ox}'gen  seennakMt 
equal  to  that  which  it  exerts  towank  hydragn ;  far 
oxygen  cannot  abstract  hydrogen  from  Bromine; 
neither  can  Bromine  decompose  the  vapour  of  watffis 
as  to  possess  itself  of  the  hydrogen. 

(251.)  E.  At  ordinary  temperatures  Bromine  iniUl 
with  chlorine,  producing  a  reddish  yellow  liquid,  wUA 
is  highly  volatile,  having  a  very  penetrating  odoornl 
disagreeable  taste.  This  liquid  is  soluble  in  iiiier« 
apparently  without  undergoing  decomposition.  Alill« 
when  added  to  this  solution  decompose  it,  produdpf 
bromic  and  hydro-chloric  Acids. 

(252.)  F.  Unknown. 

(253.)  G.  With  Bromine  iodine  seems  tofbrmtVQ 
combinations.  The  one  a  crystalline  substance,  thi 
other  a  Liquid.  Iodide  of  Bromine  is  soluble  in  wiAS. 
By  adding  alkalis  to  this  solution,  iodates  and  h]Aa- 
bromates  are  produced.  '' 

(254.)   H.  The  vapour  of  Bromine  does  not  irfll 
with  hydrogen  Gas  by  mere  contact,  but  if  a  fig^ii 
candle  or  a  piece  of  ignited  wire  be  introduced  into  Ilia 
mixture,  combination  takes  place  around   the  UuMl 
bo^y,  but  without  explosion,  and  without  extendmgtt 
the  entire  mass  of  the  fluids.     On  mixing  the  vapOV 
of  Bromine  with  hydriodic  Acid,  hydro-sulphuric  Aeili 
or  phosphuretted  hydrogen,  they  are  respectivdy  do* 
composed,  and  an  Acid  Gas,  the  hydro-bromic  AciAi  ii 
produced.  See  subsect.  2.     The  affinity  of  Bromtoi  for 
hydrogen    is   intermediate   between    the    afliniiiei  tf 
chlorine   and    iodine,    for  chlorine    decomposes  Iki 
hydro-bromic  Acid  ;  but  Bromine  will  decompose  te 
hydriodic  Acid.     Phosphorus  unites  with   Bromme  ii 
two  proportions;  with  sulphur  in  one  proportion.    M. 
Balard  could  not  obtain  a  combination  with  pure  cv- 
bon  ;  but  succeeded  in  forming  a  hydro-carburet  tf 
Bromine.    M.  Serullas  has,  however,  succeeded  in  fmr 
ing  the  Bromide  of  carbon.     With  selenion,  Bioaiili 
has  been  also  combined  by  M.  Serullas. 

(255.)  I.  With  the  metals  the  action  of  Bromiieli 
much  similar  to  that  of  chlorine.  Antimony,  tin,  nad 
potassium  bum  in  it,  the  latter  with  great  energy.  IL 
Balard  supposes  that  the  soluble  metallic  Bromides 
are,  like  the  soluble  iodides  and  chlorides,  con verte<^ into 
neutral  hydro-bromates ;  and  conversely,  that  the  solu- 
tions of  hydro-bromatea  are,  by  evaporation,  converted 
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ihydrouB  Bromides.  The  Bromides  are  all  de- 
ised  by  chlorine,  which  unites  with  the  metal 
;  the  Bromine  free.  The  attraction  of  Bromine 
}rcary  is  very  strong,  producing  during  combina- 
onaiderable  heat,  but  no  light.  M.  Balard  de- 
I  the  Bromides  of  lead,  mercury,  silver,  gold,  and 
im :  those  of  arsenic  and  bismuth  are  described 
Scmllas.  (c.) 

1)  K.  The  only  actions  that  can  take  place  be* 
Bramiiie  and  the  Acids,  is  of  the  nature  of 
positions:    these,  however,  at  present  require 
*  examination. 

r.)  !#.  Bromine,  or  its  combinations,  produce  no 
whatever  upon  solutions  of  starch,  by  which  it 
iriy  distinguished  from  iodine.  An  effort  baa 
oada  to  employ  it  as  a  test  for  all  the  vegetable 
;  but  complete  success  has  not  been  obtained. 
Ibe  Bromate  of  potassa  affords  no  precipitate 
be  Salts  of  lead ;  but  a  white  one  with  tlie  nitrate 
er,  and  a  yellowish  white  one,  soluble  in  nitric 
with  the  proto-nitrate  of  meh:ury.  By  these 
ieristics  it  is  well  distinguished  from  the  clilorate 
lie  of  the  same  alkali. 

3.)  M.  Bromine  appears  to  possess  poisonous 
ties ;  for  by  placing  a  drop  of  it  upon  the  beak  of 
,  the  animal  was  destroyea. 

Subseci.  1. — Bromio  Acid, 

K.)  When  Bromine  is  agitated  with  a  concentrated 
a  of  potassa,  or  when  the  solid  alkali  is  mixed 
in  ethereal  solution  of  Bromine,  two  Salts,  the 
Ue  and  hydro-bromate  of  potassa,  are  formed.  By 
"atioii,  these  are  obtained  in  separate  crystals ; 
if  the  hydro-bromate  being  cubic,  and  those  of 
romate  acicular.  The  Bromate  of  potassa  is 
ted  from  the  hydro-bromate  by  being  very  spar- 
■oloble  in  cold  water,  while  the  latter  is  readily 
Hie  Bromates  possess  properties  analogous  to 
»f  the  iodates  and  chlorates.  Thus  the  Bromate 
aasa  when  heated  becomes  Bromide  of  potassium, 
a  being  disengaged ;  it  deflagrates  when  thrown 
litcd  charcoal,  and  when  mixed  with  sulphur  it 
itesupon  percussion.  The  Acid  of  the  Bromates. 
imposed  by  substances  that  abstract  oxygeu,  such 

sulphurous  and  hydro-sulphurous  Acids.  The 
itea  also  are  decomposed  by  the  hydro*  chloric  and 
bromic  Acids. 

Bromic  Acid  is  obtained  in  a  separate  state,  by 
r  dilute  sulphuric  Acid  to  the  Bromate  of  barytes. 
Ifomate  may  either  be  formed  from  the  Bromate 
■8M,  or  directly  upon  the  general  principle,  that 
t  alkaline  earths,  except  magnesia,  seem  to  form 
lolutions  containing  Bromine  the  Bromic  and. 
bromic  Acids,  which  may  be  separated  as  above 
bed. 

Salts  of  lead  produce  no  precipitate  with  solu- 
of  Bromate  of  potassa,  but  abundant  ones  with 
dro-bromate  of  that  alkali.  M.  Balard  supposes 
>tmiicAcid  to  contain  five  atoms  of  oxygen  -f  one 
A  Bromine. 

Subsect.  2. — Hydro-hromic  Acid. 

0.)  The  action  between  bromine  and  hydropren 
«n  already  noticed,  (254.)  but  the  best  process 
rming  Hydro-bromic  Acid  is  to  mix  toge^er  a 
quantity  of  phosphorus  and  bromine  in  a  retort ; 
moiatnre should  be  present;  and  by  applicatioo 


of  a  gentle  heat  Hydro-bromic  Acid  Gas  is  copiously 
evolved.     This  Gas  may  be  collected  over  mercury  or  ^ 
dissolved  in  water. 

The  Hydro-bromic  Add  Gas  has  a  pungent  odour 
and  an  acid  taste.  On  meeting  with  moist  air,  it  pro- 
duces very  dense  white  vapours.  It  is  not  decomposed 
by  being  passed  through  a  red-hot  tube,  even  when 
mixed  with  oxygen.  Chlorine  immediately  decomposes 
it,  though  iodine  does  not  Potassium  decomposes  it 
at  all  temperatures ;  and  tin  also  when  heated.  Nitric 
Acid  decomposes  the  watery  solution  of  Hydro-bromio 
Acid  with  evolution  of  bromine  ;  and  the  mixed  liquid 
will  dissolve  gold.  The  alkalis,  earths,  the  oxides  of 
iron,  and  the  peroxides  of  copper  and  mercury  unite 
with  Hydro-bromic  Ackd  to  form  true  Hydro-bromates  ; 
but  with  the  oxide  of  silver  and  the  protoxide  of  lead,  a 
double  decomposition  takes  place,  producing  a  metallic 
bromide  and  water. 

Iron,  zinc,  and  tin  dissolve  in  Hydro-bromic  Acid ; 
hydrogen  being  evolved.  Hydro-bromic  Acid  consists 
of  equal  volumes  of  its  two  elements  in  the  Gaseoua 
state. 

References  in  §  5. 

(a.)  Balard,  An.  de  Ch.  et  Ph^  vol.  zxxii.  p.  337. 
(6.)  Liebeg,  An.  de  Ch.  et  Ph.,  vol  xxxiii.  p.  331.  (d.) 
Serullas,  An.  de  Ch.  et  Ph.y  vol.  xxxir.  p.  95 ;  vol. 
XXXV.  p.  340;  and  vol.  xxxviii.  p.  318.  (d)  De  la 
Rive,  An.  de  Ch.  et  Ph.  vol.  xxxv.  p.  160.  (e.)  D'Arcei 
and  Chevruel»  An.  de  Ch.  et  PA,,  vol  xxxviii.  p.  82.  ' 


IMIL 


CHAPTER  ni 
NonrmttcdUc  (^EUetra-^ffontive  ?)  Elementi. 

The  substances  which  we  shall  consider  in  this 
Chapter  are  in  number  eight,  exclusive  of  some  im« 
portant  compounds,  which  will  also  be  noticed  as  proxi- 
mate elements  ;  viz.  silicon,  hydrogen,  carbon,  boron, 
phosphorus,  sulphur,  selenion,  and  nitrogen.  Of  these, 
hydrogen  and  nitrogen  are  at  present  considered  per- 
manent Gases  ;  but  there  is  some  reason  to  conclude 
from  analogy,  that,  by  enormous  pressure,  these  and  all 
Gaseous  fluids  might  be  reduced  to  the  liiquid  form* 
The  six  remaining  bodies  are  solid  at  our  ordinary  tem- 
peratures. Phosphorus,  sulphur,  and  selenion  are 
fusible  and  volatile ;  while  silicon,  boron,  and  carbon 
are  generally  considered  as  infusible  and  fixed.  Not 
one  of  these  has  any  action  on  oxygen  at  the  ordinary 
atmospheric  temperatures.  Nitrogen  has  none  at  any 
temperature,  however  elevated ;  but  hydrogen,  boron, 
carbon,  phosphorus,  sulphur,  and  selenion  are  capable 
of  combination  with  it,  heat  and  light  being  evolved. 

That  silicon  may  be  converted  into  an  Acid  is  doubt- 
ful. Hydrogen  is  acidifiable  by  chlorine,  fluorine  (?) 
iodine,  and  bromine.  Carbon,  boron,  phosphorus,  and 
nitrogen  by  oxygen  only ;  but  sulphur  and  selenion  by 
both  oxygen  and  hydrogen. 

§  I.     Silicon. 

(261.)  A.  The  name  Silicon  has  been  proposed  by  gaicoB. 
Dr.  Thomson  (a.)  for  the  base  of  the  well-known  earth 
silica.  When  Sir  H.  Davy  first  decomposed  that  body, 
he  gave  to  its  base  the  Dame  of  silidum,  and  such  it 
continues  with  M.  Thenard,  and  those  who  consider 
4r2 
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Chtaiitiy.  this  base  entitled  to  rank  among  the  metals.  But  if, 
with  the  g;reater  number  of  Chemists,  we  consider  this 
base  analogous  to  boron  and  carbon,  and  destitute  of 
metallic  properties,  Silicon  is  the  more  appropriate 
term. 

••  Sir  H.  Davy,  after  having  succeeded  in  decompos- 
ing the  fixed  alkalis  and  alkaline  earths  by  the  action 
of  the  Galvanic  battery,  was  naturally  led  to  try  the 
effects  of  the  same  powerful  agent  upon  silica.  But 
his  experiments  were  not  attended  with  success.  (6.) 
But  the  analogy  between  silica  and  other  bodies  con- 
taining oxygen  is  so  great,  that  it  was  universally  con- 
sidered as  a  compound  of  oxygen  and  a  combustible 
base.  Berzelius  succeeded  in  separating  this  base  from 
silica,  and  uniting  it  to  iron,  (c.)  and  his  experiments 
were  successfully  repeated  by  Professor  Stromeyer.  (d.) 
About  the  end  of  1813,  Sir  H.  Davy  succeeded  in 
obtaining  the  base  of  silica  in  a  separate  state,  althougfh 
he  was  not  able  to  collect  it  and  examine  its  properties 
in  detail."  (e.)  Tliomson.  (a.)  Berzelius  completed 
the  evidence  of  the  nature  of  this  substance  in  1824. 
iaa.) 

(262.)  B.  Davy  decomposed  silica  by  passing  excess 
of  potassium  through  it  in  a  heated  tube  of  platinum. 
The  potussium  was  converted  into  potash,  through 
which  the  Silicon  was  disposed  in  the  form  of  a  dark- 
coloured  powder. 

Berzelius  says  nothing  is  more  easy  than  to  pro- 
cure Silicon  ;  the  method  by  which  it  is  obtained  is  this. 
The  double  fluate^of  silica  with  potassa  or  soda,  heated 
almost  to  a  red  heat,  for  the  purpose  of  driving  off  the 
hygrometric  water,  is  introduced  into  a  tube  of  glass 
closed  at  one  end.  Some  fragments  of  potassium  are 
introduced,  and  care  is  taken  to  mix  the  potassium 
with  the  powder,  by  applying  a  heat  sufficient  to  fuse 
the  metal,  and  gently  tapping  the  tube.  The  heat  of  a 
lamp  is  then  applied,  and  before  the  mixture  arrives  at 
a  red  heat  there  is  a  feeble  detonation,  and  the  Silicon 
is  produced.  The  mass  is  then  left  to  cool,  and  after- 
wards washed  with  water  as  long  as  any  thing  is  dis- 
solved. At  first  there  is  a  disengagement  of  hydrogen 
Gas,  because  a  siliciuret  of  potassium  is  obtained, 
which  cannot  exist  in  water.  The  washed  substance  is 
a  hydriiret  of  Silicon,  which  at  a  red  heat  burns  vividly 
in  oxygen  Gas  ;  though  the  Silicon  does  not  become 
oxidated.  This  hydruret  is  then  to  be  put  into  a  covered 
platinum  crucible,  and  heated  by  slow  degrees  up  to 
redness.  The  hydrogen  becomes  oxidated  alone,  and 
the  Silicon  will  no  longer  bum  in  oxygen,  though 
chlorine  attacks  it  readily.  A  small  quantity  of  silica 
is  produced,  which  may  be  dissolved  by  fluoric 
Acid.  If  the  Silicon  has  not  been  well  heated  to  red- 
ness, the  Acid  dissolves  it  with  slow  disengagement  of 
hydrogen,  (aa.) 

(263.)  C.  Silicon  is  a  dark  nut-brown  powder,  having 
no  metallic  lustre.  It  is  a  nonconductor  of  Electricity, 
and  is  infusible  before  the  blowpipe. 

(264.)  D.  Silicon  does  not  bum  in  atmospheric  air, 
or  oxygen  Gas,  but  it  indirectly  will  form  a  very  firm 
compound  with  that  substance;  thus  producing  the 
well-known  earth  silica,  which  exists  in  great  abun- 
dance in  Nature.     See  subsect.  1. 

(265.)  E.  Silicon  readily  unites  with  chlorine  as 
already  stated. 

(266.)  F.  With  fluorine,  Silicon  unites  to  form  an 
Acid  Gas  which  has  been  already  noticed.  (184.) 
(267.)  G.  Unexamined. 


(268.)  H.  Silicon  unites  with  hydrogen,  but  its  habi- 
tudes with  other  bodies  of  this  class  require  invesli-  V 
gation. 

(269.)  I.  There  is  great  reason  to  suppose  that 
Silicon  may  unite  with  most  of  the  metals*  biit  as  jd 
its  combinations  with  iron  and  potassium  are  all  mi 
are  mentioned. 

(270.)  K.  Silicon  is  neither  oxidated  nor  dinolf«j 
by  the  nitric,  hydro-chloric,  sulphuric,  or  fluoric  Acidb; 
but  it  is  readily  soluble  in  even  a  cold  mixture  of  tki 
nitric  and  fluoric  Acids. 

Silicon  is  not  changed  by  being  ignited  with  chlonte 
of  potassa.  It  does  not  deflagrate  in  nitre;  until  the 
temperature  is  raised  high  enough  to  decompose  (he 
Add ;  and  then  oxidation  takes  place  in  conseqneiee 
of  the  concurrent  affinities  of  oxygen  for  Silicon,  ai 
of  silica  for  the  diseng^aged  potash.  By  a  similar  play 
of  affinities,  Silicon  burns  vividly  when  brought  iilo 
contact  with  carbonate  of  potassa  or  soda,  even  bekw  t 
red  heat.  When  dropped  upon  fused  hydrite  of 
potassa,  soda,  or  baryta,  hydrogen  is  evolved  withnA 
rapidity  as  to  produce  explosion. 

(271.)  L.  M.  All  that  need  be  said  on  theee  iieide 
will  be  found  in  subsect  1.  L.  and  M. 

SubsecL  1. — Silica. 

(272.)  A.  From  the  element  silicon  we  proceed  to  iti  flbt 
oxide  Silica,  which  has  long  been  known  as  one  of  the 
earths,  and  forms,  in  its  various  combinations  with  other 
mineral  bodies,  the  largest  proportion  of  the  subeteiee 
of  our  planet.  '*  Quartz,  chalcedony,  flint,  sand,  ai 
some  other  minerals  consisting  principally  of  SiBeeb 
have  the  property  of  melting  into  glass  when  stronglj 
heated  with  potash  or  soda,  and,  therefore,  were  doMed  . 
together  by  the  early  Mineralogists  under  the  nane  of 
vitri  liable  stones.  Mr.  Pott,  who  first  described  the 
properties  of  these  minerals  in  1746,  gave  then  the 
name  of  Siliceous  stones,  supposing  them  to  be  cbieflif 
composed  of  a  peculiar  earth,  called  Siliceous  Eeitiv 
or  Silica.  This  earth  was  known  to  Glauber,  «1» 
describes  the  method  of  obtaining  it  from  quarts.  M 
it  was  long  before  \ts  properties  were  accurately  aeeer 
tained.  G^eoffroy  endeavoured  to  prove  that  it  might 
be  converted  into  lime,  (/)  ;  Pott  (g,)  and  Beauiiie(il.) 
that  it  might  be  converted  into  alumina;  but  theie 
assertions  were  refuted  by  Cartheuser,  (».)  Scheele,  (it.) 
and  Bergman.  (/.)  To  this  last  Chemist  we  are  in- 
debted for  the  first  accurate  description  (m.)  of  the  pro* 
perties  of  Silica."  (».) 

(273.)  B.  Pure  Silica  is  obtained  by  fusing  pal- 
verized  flint  with  thrice  its  weight  of  caustic  potash  ia 
a  silver  crucible.  The  spongy  mass  thus  obtained  is 
to  be  dissolved  in  water,  and  then  super-saturated  wiCk 
muriatic  Acid,  and  slowly  evaporated  to  dryness.  By 
Subsequent  affusion  of  water  the  alkaline  Salt  is  re- 
moved, and  the  Silica  remains  pure. 

(274.)  C.  Thus  obtained  Silica  is  a  white  powder, 
without  taste  or  smell.  Not  soluble  in  water.  **  Bui 
when  the  compound  of  Silica  and  potash  ia  diasolfed 
in  water,  and  sufficiently  diluted,  the  Silica  cannot  ha 
precipitated  from  it  by  any  addition  of  Acid  ;  showing 
that  in  this  state  it  is  really  soluble  in  water."  After  it 
has  been  thoroughly  dried  it  seems  quite  insoluble; 
but  when  fresh  precipitated,  and  still  moist,  it  dissolves, 
according  to  Kirwan,  in  1000  parts  of  distilled  water » 
and  it  exists  naturally  in  minute  proportions  in  some 
mineral  waters,  such  as  the  Geyser  springs  in  Iceland. 
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try*       Silica  is  infusible,  except  by  the  heat  of  (he  Gas  blow- 

^^  pip^     It  is  Dot  volatile  under  our  ordinary  processes, 

though  it  would  seem  from  some  observations  of  Berg- 

mao,  and  also  from  a  more  recent  notice,  that  it  is 

capable  of  volatilization  by  intense  heat  (x.) 

The  crystallization  of  Silica  forms  a  marked  feature 
among  its  Physical  properties.  In  Nature  it  is  found  in 
this  state  abundantly.  There  must  be  few  Who  have  not 
admired  the  beautiful  hexagonal  prisms  of  quartz,  ter- 
minated by  hexahedral  pyramids^  which  occur  in  every 
Country  of  the  Earth.  This  is  rock  crystal  in  its  most 
common  secondary  form.  We  are  frequently  led  to 
suppose  that  the  process  of  the  formation  of  crystals  in 
the  earth  is  a  very  tedious  process,  requiring  the  quiet 
operation  of  Ages  to  accomplish,  but  Chemistry  offers 
many  reasons  to  induce  us  to  suspect  that  this  may 
easily  be  overrated.  The  following  confirmation  of 
this  view  is  taken  from  Thomson's  System.  **  There 
are  two  methods  of  imitating  these  crystals  by  art. 
The  first  method  was  discovered  by  Bergman.  He  dis- 
solved Silica  in  fluoric  Acid,  and  allowed  the  solution 
to  remain  undisturbed  for  two  years.  A  number  of 
crystals  were  then  found  at  the  bottom  of  the  vessel, 
mostly  of  irregular  figures,  but  some  of  them  cubes 
with  their  angles  truncated.  They  were  hard,  but  not 
to  be  compared  in  this  respect  with  rock  crystal,  (o.) 
ITic  other  method  was  discovered  by  accident.  Pro- 
fessor Seigling  of  Erfurt  had  prepared  a  Liquor  Silicum^ 
which  was  more  than  usually  diluted  with  water,  and 
contained  a  superabundance  of  alkali.  It  lay  undis- 
turbed for  eight  years  in  a  glass  vessel,  the  mouth  of 
which  was  only  covered  with  paper.  Happening,  to 
look  at  it  by  accident,  he  observed  it  to  contain  a  num- 
ber of  crystals,  on  which  he  sent  it  to  Mr.  Tromsdorf, 
Professor  of  Chemistry  at  Erfurt,  who  examined  it. 
The  liquor  remaining  amounted  to  about  two  ounces. 
Its  surface  was  covered  by  a  transparent  crust,  so  strong 
that  the  vessel  might  be  inverted  without  spilling  any 
of  the  liquid.  At  the  bottom  of  the  vessel  were  a  num- 
ber of  crystals,  which  proved  on  examination  to  be  sul- 
phate of  potash  and  carbonate  of  potash.  The  crust  on 
the  tdp  consisted  partly  of  carbonate  of  potash,  and 
partly  of  crystallized  Silica-  These  last  crystals  had  as- 
sumed the  form  of  tetrahedral  pyramids  in  groups ;  they 
were  perfectly  transparent,  and  so  hard  that  they  struck 
fire  with  steel.''  (p.) 

(275.)  D.  E.  None. 

(276.)  F.  See  (184.) 

(277.)  G.  None. 

(278.)  H.  None  of  the  substances  belonging  to  this 
dass  have  any  action  on  Silica. 

(279.)  I.  Potassium  and  sodium  are  known  to  be 
cspable  of  decomposing  Silica,  possessing  themselves 
of  its  oxygen :  the  other  metals  have  no  action  upon  it 

(280.)  K.  It  is  under  this  head  chiefly  that  we  find 
the  marked  characteristics  of  Silica.  It  does  not  unite 
with  Acids  in  general,  from  whence  it  would  seem  inca- 
pable of  performing  the  part  of  a  base :  a  strong  acgu- 
ment  against  its  being  the  oxide  of  a  metal.  There  is, 
bowever,  one  Acid  with  which  it  manifests  some  singular 
properties,  this  is  the  hydro-fluoric,  the  only  one  capa- 
ble of  dissolving  it.  If  finely  powdered  Silica  be  mixed 
with  hydro-fluoric  Acid  the  whole  compound  instantly 
assumes  the  Gaseous  form.  Silica  fuses  also  into  a 
Glass  with  solid  phosphoric  or  boracic  Acid. 

On  the  other  hand.  Silica  possesses  strongly  acid 
properties  towards  the  alkaline  bases,   and  on  this 


ground  Mr.  Smithson  was  led  to  consider  it  actually  an     Pkrt  U. 
acid  body ;  and  to  argue  that  it  performed  th^  part  of  ^'^"y^^ 
an  Acid  in  its  union  with  many  earthy  bases.     In  this 
view  of  the  subject  many  mineral  bodies  are  a  sort  of 
earthy  Salts,  (g.)     This  idea  has  been  ably  supported 
by  Berzelius.  (r.) 

To  proceed  then  to  the  combination  of  Silica  with 
alkalis.  It  readily  dissolves  in  solutions  of  either  of  the 
fixed  alkalis,  though  ammonia  has  no  effect  upon  it, 
either  in  the  Gaseous  or  liquid  form.  When  Silica 
is  fused  with  potassa,  if  the  latter  be  in  great  excess  the 
compound  is  soluble  in  water  forming  the  Liquor  Sili» 
cum  of  old  writers :  but  when  the  Silica  is  in  great  ex- 
cess Glass  is  the  resulting  compound.  Baryta  seems  to 
unite  with  Silica  by  fusion  but  imperfectly,  though  the 
affinity  between  the  substances  is  considerable ;  for,  ac- 
cording to  Morveau,  if  barytic  water  be  added  to  dilute 
Liquor  Silicum,  a  precipitate  is  formed  in  which  both 
earths  are  united.  (*.)  The  compounds  resulting  from 
fusing  these  earth's  together  in  various  proportions  have 
been  examined  by  Mr.  Kirwan.  (L) 

The  habitudes  of  strontia  with  Silica  are  similar  to 
those  exhibited  by  barytes.  *•  Equal  parts  of  magnesia 
and  Silica  melt  with  great  difficulty  into  a  white  enamel 
when  exposed  to  the  most  violent  heat  that  can  be  pro- 
duced, (w.)  They  are  infusible  by  inferior  degrees  of 
heat  in  whatsoever  proportion  they  may  be  mixed,  (u.) 

If  lime  water  be  added  to  a  solution  of  Silica  in  pot- 
ash, a  precipitate  falls  down  containing  the  two  earths 
in  a  state  of  combination,  (w.)  The  compounds 
formed  by  fusing  these  two  substances  together,  have 
been  examined  by  Mr.  Kirwan :  {t  p.  56 :)  when  the 
earths  were  in  equal  quantities  an  imperfect  sort  of 
enamel  was  formed.  Silica  has  a  strong  affinity  for 
alumina;  for,  according  to  Morveau,  («.  p.  249,)  if 
equal  parts  of  Silicated  potash  and  Silicated  alumina, 
both  in  solution,  be  mixed  together,  a  brown  cloud 
appears,  which  by  gentle  agitation  spreads  throughout 
the  whole  Liquid.  In  the  course  of  an  hour  this  cloud 
gelatinizes.  These  two  earths,  however,  cannot  be 
heated  so  as  to  run  into  fusion,  (v.  and  t) 

(281.)  L.  Silica  is  recognised  by  its  insolubility  in  all 
Acids  except  the  fluoric :  by  forming  a  compound  en- 
tirely soluble  in  water  upon  calcination  with  twice  its 
weight  of  potash  in  a  silver  crucible.  The  solution 
when  concentrated  forms  a  coagulum  upon  the  addition 
of  an  Acid. 

(282.)  M.  The  uses  of  Silica  are  numerous  and  im- 
portant. A  variety  of  rock  crystal,  which  occurs  in 
rolled  masses  in  the  Island  of  Madagascar,  being 
beautifully  diaphanous,  is  cut  for  spectacles,  and  goes  by 
the  common  name  of  crystal.  The  rich  amethysts  that 
come  from  Spain,  Siberia,  and  Brazil,  are  only  the 
same  substance  naturally  coloured  by  the  oxide  of 
manganese.  The  manufacture  of  Glass  will  require  a 
more  extended  detail  in  another  part  of  this  Work :  for 
the  present,  therefore,  we  must  he  satisfied  with  stating, 
that  two  parts  of  Silica  fused  with  fiY)m  one  to  one 
and  a  half  of  carbonate  of  potash  or  soda,  forms  this 
most  beautiful  and  useful  substance.  The  more  pure 
the  ingredients  the  more  clear  will  be  the  Glass ;  but  as 
both  the  substances  employed  are  not  previously  purified 
by  the  tedious  and  costly  Chemical  processes,  the  ma- 
nufacturer is  obliged  to  resort  to  other  artifices  for  the 
improvement  of  his  metal,  as  the  fused  compound  is 
technically  called.  The  finer  kinds  of  Glass  are  made 
from  pounded  flint  and  the  best  pearl  ash,  or  sometimes 
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Chemistry,  fine  washed  white  sand  is  used  in  place  of  the  pounded 
^  — V— ^  flint.  Window  Glass  is  made  from  sand  and  kelp. 
Green  bottle  Glass  is  made  from  sea  sand  and  the  re- 
fuse of  the  soap-makei^s  lees,  which  contain  a  large  pro- 
portion of  lime.  The  less  alkali  is  employed  the  harder 
is  the  Glass,  but  a  greater  heat  is  required  for  its  fusion. 
Besides  these,  which  are  the  essential  ingredients,  oxide 
of  lead  is  added,  which  promotes  the  fusion  of  the  ma- 
terials ;  renders  the  Glass  more  dense  and  ductile,  adds 
to  its  refractive  power,  and  therefore  to  its  brilliancy, 
and  allows  of  its  taking  a  higher  polish. 

Black  oxide  of  manganese  has  been  called  the  Glass- 
maker^s  soap,  because  it  greatly  improves  the  transpa- 
rency of  Glass.  This  it  £}es  by  a  mutual  compensation 
of  properties  with  the  oxide  of  iron  which  is  always 
present  iu  both  the  main  ingredients  of  Glass.  For  iron 
in  a  low  state  of  oxidation  gives  to  Glass  a  green  tint, 
but  in  a  high  state  of  oxidation  it  either  does  not  enter 
into  fusion  with  the  Glass,  but  is  removed  among  the 
scoriae,  or  when  fused  it  does  not  communicate  colour. 
*  Ou  the  other  hand,  the  black  oxide  of  manganese  pro- 
duces a  violet  colour;  but  in  a  lower  state  of  oxidation 
it  communicates  no  colour  at  all.  When  the  two, 
therefore,  meet  in  the  formation  of  Glass,  the  iron  gains 
some  oxygen  which  the  manganese  loses,  and  both  are 
reduced  to  that  state  which  is  most  favourable  to  the 
transparency  of  the  Glass. 

By  some  variations  in  the  composition,  chiefly  arising 
from  the  addition  of  several  metallic  oxides,  certain 
kinds  of  Glass  are  formed  in  imitation  of  precious  stones. 
The  colourless  variety  is  technically  called  paste,  and 
by  the  addition  of  other  metallic  oxides  all  the  coloured 
gems  arc  imitated,  (y.) 

Porcelain  also  consists  of  various  proportions  of 
Silica  and  other  earths  fused  together,  but  in  this  com- 
pound alumina  predominates. 

Enamels  consist  of  Glass  fused  with  large  proportions 
of  the  oxides  of  tin  and  lead,  (z.) 
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§  2. — Hydrogen. 

Hydrogen.  (283.)  A.  With  regard  to  the  discovery  of  Hydrogen 
Gas,  Dr.  Thomson  states  that  **  Mayow,  (a.)  Boyle, 
(6.)  and  Hales  procured  it  in  considerable  quantities, 
and  noted  a  few  of  its  mecfaaDieml  properties.     Itfl  com- 


bustibility was  known  about  the  beginning'  of  Ae  Ite 
XVlIIth  century,  and  was  often  exhibited  as  a  curio-  ^^ 
sity.  (c.)  But  ,Mr.  Cavendish  (d.)  ought  to  be  con- 
sidered its  real  discoverer ;  since  it  was  he  who  fint 
examined  it,  who  pointed  out  the  difference  between  it 
and  atmospheric  air,  and  who  ascertained  the  greatest 
number  of  its  properties."  (e.) 

Hydrogen  Gas  is  frequently  generated  in  considenbb 
quantities  in  mines,  or  in  other  parts  of  die  Earth  whem 
metallic  bodies  exist  (/) 

(284.)  B.  Hydrogen  Gas  is  readily  obtained  by  aeU^ 
ing  upon  iron  turnings  or  small  nails  with  salphni^i^ 
Acid,  diluted  with  five  or  six  times  its  weight  of  wr'^ 
Granulated  zinc  may  also  be  employed,  in  which  ( 
the  dilute  Acid  may  consist  of  eight-ninths  of  wi 
In  both  cases  the  metal  is  to  be  placed  in  a  retort 
glass  proof,  and  the  Gas,  which  is  rapidly  evolved,  i 
be  collected  in  jars  over  the  water-trough.  A  very  c 
venient  instrument  for  obtaining  and  preserving  a  c 
stant  supply  of  this  Gas  in  a  laboratory  was  contri^ 
by  Gray  Lnssac,  and  n  described  in  the  Annates-  ^ 
Chimie  et  de  Phirique.  (g.)  Hydrogen  Gas,  howr^^ 
thus  obtained  from  metals,  is  not  absolutely  pure,  fJly 
and  requires  to  be  washed  with  a  solution  of  cauatfe 
potassa.  Berzelius  discovered  that  Hydrogen  Gas,  pnx 
duced  from  iron  filings  and  dilute  sulphuric  Acid,  migftt 
be  deprived  of  all  scent  by  being  passed  through  pot 
alcohol;  and  that  when  the  alcohol  is  dilat^  witfi 
water,  and  kept  a  few  days,  the  odorous  volatile  oil  k 
separated,  (t.)  Hydrogen  Gas  may  also  be  procure!  in 
very  considerable  quantities  by  passing  the  vapour  of 
water  over  coils  of  iron-wire  heated  to  redness  in  a 
gun-barrel :  the  hron  undergoes  oxidation  and  the  Hf- 
drogen  is  set  free. 

(285.)  C.  Pure  Hydrogen  Gas  is  frpe  from  smell  ud 
taste.  Water  will  absorb  only  about  two  per  cent,  of  itf 
own  volume.  It  is  unaltered  by  heat  and  electricitj. 
Its  action  on  the  rays  of  light  is  more  highly  refractife 
than  that  of  any  other  Gas.  It  is  inflammable,  and  llie 
lightest  of  all  known  substances.  It  will  not  support 
animal  life,  though  its  properties  do  not  seem  (o  be 
poisonous.  When  breathed  from  a  bladder  or  oil-flflr 
bag,  it  renders  the  tone  of  the  voice  of  a  much  higher 
pitch  than  usual :  an  effect  which  shortly  goes  of 
again,  (p.) 

The  combustion  of  Hydrogen  with  oxygen  aflbidl 
many  interesting  particulars,  for  the  full  details  of  whick 
we  can  only  point  out  the  references,  {k.)  Water  is  tin 
sole  produce  of  this  combustion,  subsect.  1.  The  pro- 
portion in  which  these  two  elements  unite  is  predisdl 
two  volumes  of  Hydrogen  +  one  volume  ofoxjgtn. 

When  Hydrogen  Gas,  issuing  from  a  small  orifice,  is 
burned  in  common  air,  and  a  glass  tube  is  held  overthe 
flame,  musical  sounds  are  produced,  (m.) 

(286.)  D.  Hydrogen  and  oxygen  do  not  unite  when 
merely  placed  in  contact  with  each  other,  but  by  violent 
compression.  ^.  Biot  found  a  mixture  of  these  Gases 
might  be  made  to  unite.  The  combination  took  place 
with  evolution  of  light  and  heat.  Biot  also  found  that  n 
pressure  of  thirty  atmospheres,  prtniuced  by  sinking  m 
vessel  of  the  mixed  Gases  to  a  depth  of  one  hundred  and 
fifty  fathoms  in  the  sea,  did  not  cause  their  union,  (n.} 

The  combination  of  these  Gases  may  also  be  produce! 
by  the  electric  spark,  by  a  glowing  ctml,  or  a  red-hot  wire  ; 
but  if  the  heat  of  these  bodies  be  below  redness,  the 
combination  takes  place  gradually  and  silently.  When 
the  Gases  are  in  the  just  proportion  to  fbrm  water,  Ibo 
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J,  detonation  is  very  yiolent:  upon  this  combination  de- 
•^  pcnds  the  eudiometer  of  Volta,  and  the  Philosophical 
aperiment  of  the  air-pistol. 

DObereiner  discovered  that  the  sub-oxide  of  platinum, 
and  also  the  pulverulent  metallic  platinum,  obtained  by 
heating  the  ammonia-muriate,  would,  if  plunged  into 
the  mixed  Gases,  condense  the  Hydrogen  in  its  pores  so 
Tiolently  as  to  become  red  hot,  by  which  means  instan- 
taneous combustion  is  produced.  It  has  been  proposed 
to  employ  this  method  also  for  eudiometry.  (i)  Upon 
tibia  property  is  founded  an  elegant  instrument  for  ob- 
tldning  an  instantaneous  light 

The  intense  heat  developed  by  the  combustion  of  Hy- 
drogen with  oxygen  has  been  applied  to  the  construc- 
tion of  a  blowpipe  for  the  fusion  of  refractory  bodies, 
and  there  is  scarcely  any  substuice  in  Nature  that  can 
Kflist  its  action.  See  Blowpipe,  in  the  Miscellaneous 
department  of  this  Work,  or  Professor  Clarke's  Trea- 
Urn  on  the  Gat  Blowpipe,  (o.) 

Hydrogen  and  oxygen  may  also  be  made  to  unite  in 
m  proportion  different  from  that  in  which  they  form 
water.     See  subsect.  2. 

(287.)  E.  The  union  of  Hydrogen  with  chlorine  pro- 
ducing hydro-chloric,  or  as  it  has  long  been  called, 
nrariatic  Acid,  has  been  already  noticed,  chap,  u, 
aeet.  2.  subsect.  6. 

(288.)  F.  See  chap.  ii.  sect.  8.  subsect.  1. 

(289.)  G.  See  chap.  ii.  sect.  2.  subsect.  S. 

(290.)  H.  Hydrogen  unites  with  carbon,  phosphorus, 
aalphur,  selenion,  and  nitrogen.  These  compounds,  as 
tiiey  form  proximate  elements,  will  for  the  most  part  be 
described  at  length  hereafter. 

(291.)  I.  Hydrogen  forms  with  potassium  two  com- 

C>unds  ;  the  solid  hydruret  discovered  by  MM.  Gay 
ussac  and  Thenard,  (g.)  and  also  a  Gaseous  com- 
pound described  by  M.  Sementini  of  Naples.  With 
arsenic,  also,  two  analogous  compounds  are  formed; 
Ae  one  solid,  the  other  Gaseous.  Tellurium  forms  with 
Hydrogen  two  compounds ;  the  one  Gaseous,  Telbtrttted 
Hydrogen^  which  has  acid  properties,  (r.)  the  other  a 
white  powder  discovered  by  Hitter,  but  at  present  little 
known. 

(292.)  K.  At  ordinary  temperatures  Hydrogen  does  not 
aet  upon  the  metallic  oxides  ;  nor  indeed  at  any  temper- 
atore  on  those  of  the  first  class  of  metals.  At  a  heat 
below  redness,  it  reduces  all  the  higher  oxides  of  the 
second  class  of  metals  to  the  state  of  protoxides.  At 
difierent  degrees  of  heat  it  reduces  all  the  oxides  of  the 
other  classes  to  the  metallic  state  ;  the  products  being 
the  pare  metal  and  water. 

(293.)  L.  Hydrogen  is  principally  recognised  by  its 
property  of  combustibility^  and  by  its  union  with  oxygen, 
determinable  bv  the  electric  spark  in  Volta's  eudiometer. 

(294.)  M.  None. 

Suhsect.  1. — WoAxT. 

<e95.)  The  Chemical  history  of  this  well-known  and 
essential  substance,  formeriy  called  one  of  the  fonr 
elements  of  the  Earth,  possesses  considerable  interest ; 
iMsth  with  regard  to  its  actual  properties,  and  the  ela- 
fjorate  researches  to  which  it  has  given  rise. 

Pare  water  is  a  colourless  Liquid,  having  neither 
•cent  nor  taste.  It  refracts  light  very  strongly,  is  an 
toperfect  conductor  of  electricity,  and  a  very  slow  con- 
ductor of  heat.  It  is  now  admitted  to  be  a  oompres- 
eibie  fluid.  ^68.)     lU  Specific  Gravity  is  called  one» 


being  made  the  unit  of  the  scale  to  which  the  gravity  of  Put  II. 
all  other  solid  and  liquid  bodies  is  referred.  Water  is  ^  i^y^^ 
obtained  in  the  greatest  purity  by  slow  distillation ;  but 
it  is  also  sufficiently  pure  for  many  purposes  when  pro- 
cured by  melting  snow,  or  by  collecting  rain  water  at  a 
distance  from  houses  or  large  towns.  One  cubic  inch 
of  water  at  60^  Fahrenheit  and  30^  in  fier.  weighs 
252.525  grrains.  Its  weight  is  8'28  times  that  of  an 
equal  volume  of  atmospheric  air  under  the  same  cir- 
cumstances. 

The  decomposition  of  Water  may  be  effected  in  va-> 
riooB  vrays.  By  submitting  it  to  the  action  of  a  Voltaie 
battery,  the  two  constituent  Gases  oxygen  and  hydro- 
gen may  be  obtained  separately.  The  same  may  be 
performed  by  a  current  of  electricity  firom  the  common 
electrical  machine.  («.) 

The  hydrogen  may  be  obtained  in  the  Gaseous  form 
by  passing  steam  over  coils  of  iron-wire  made  red  hot 
in  a  gun-barrel,  or  in  a  porcelain  tube.  In  this  case 
the  oxygen  assumes  the  solid  form  in  combination  with 
the  iron. 

To  obtain  the  oxygen  GUtf  alone,  let  a  few  sprigs  of 
mint  be  placed  in  an  inverted  jar  filled  with  Water  over 
the  pneumatic  trough  ;  as  long  as  the  vital  functions  of 
the  plant  are  going  on  hydrogen  is  taken  up  by  its 
leaves,  pure  oxygen  Gas  is  evolved,  and  is  collected  in 
the  jar. 

The  converse  operation  of  the  synthesis  of  Water  is 
effected  by  mixing  together  oxygen  and  hydrogen 
Gases,  and  then  applying  a  lighted  taper,  a  piece  of 
spongy  platinum,  or  by  passing  an  electric  spark  through 
the  mixture.  This  experiment  requires  care»  as  the 
detonation  of  the  mixed  gases  is  very  violent. 

The  just  proportion,  so  as  to  leave  no  residuary  Gas» 
is  one  volume  of  oxygen  Gas  -f-  one  volnme  of  hydrogen 
Gas.  If  a  jet  of  hydrogen  Gas  be  lighted,  and  then  an 
empty  glass-balloon  be  inverted  over  it^  the  Water  that 
is  formed  by  its  union  with  oxygen  will  condense  in 
drops  of  Water  on  the  sides  fii  the  balloon.  It  is 
now  generally  admitted  that  Water  consists  of  precisely 
two  volumes  of  hydrogen  combined  with  one  volume 
of  oxygen,  or  by  weight  eight  parts  of  oxygen  -f"  one 
part  of  hydrogen  ;  or,  according  to  the  present  views 
of  the  atomic  theory,  of  one  atom  of  each  of  these  ele- 
ments. The  atom  of  Water,  therefore,  upon  the  hydro- 
gren  scale  =  y 

Water  generally  contains  within  its  pores  atmo- 
spheric air ;  and  it  is  capable  of  absorbing  various  pro- 
portions of  the  difierent  Gases.  (<.)  It  exists  also  at 
all  times  in  the  atmosphere  in  the  state  of  vapour ;  the 
qaantity  differing  greatly  at  different  temperatures. 
Pulverulent  substances  also  absorb  and  retain  consi- 
derable quantities  of  aqneous  vapour,  (t/.)  Water  is 
one  of  the  most  universal  solvents  in  Nature.  It  enters 
also  frequently  into  combination  with  other  substances, 
and  assumes  the  solid  form ;  of  this  the  slaking  of  lime 
is  an  example ;  as  also  the  common  hydrates  of  potash, 
soda,  Ac.  which,  in  appearance,  are  quite  dry.  Tlie 
point  at  which  Water  has  its  maximum  density  is 
generally  steted  to  be  39^  Fahrenheit,  but  M.  Biot 
places  it  at  86^.16  Fahrenheit  (v.)  It  congeals  at  32^ 
Fahrenheit,  and  boils  at  212^  Fahrenheit,  Ber.  30^, 
but  it  rises  in  vapoar  at  much  in^rior  degrees  of  tem- 
perature. 


SuhtecL  2. — Deutoxide  of  Hydrogen. 


(296.)  This  snbstanee  was  discovered  by  M.  The-  ^"* 


Deutoxide 
of  Hydro- 
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CberoUtry.  nord  in  July  1818,  It  is  obtainetl  from  the  peroxide 
of  barium  by  a  process  of  such  delicacy,  that  it  would 
not  be  possible  to  give,  in  the  limits  to  which  we  are 
confined,  any  serviceable  outline  of  it.  We  must, 
therefore,  reter  to  the  original  Memoirs  of  M.  Thenard. 

The  Deutoxide  of  Hydrogen  is  limpid,  like  water ;  has 
scarcely  any  smell.  It  prradually  destroys  the  colour  of 
papers  stained  with  vegetable  blues.  It  readily  attacks  the 
epidermis,  whitens  it,  and  causes  a  pricking  sensation, 
the  continuance  of  which  varies  in  different  individuals. 
Applied  to  the  tongue  it  produces  similar  effects,  together 
with  a  sort  of  slighlly  ractallsc  taste.  The  elastic  force 
of  its  vapour  is  much  less  than  that  of  water,  at  any 
given  temperature.  It  will  entirely  rise  in  vapour, 
even  at  low  lemperattires,  though  but  slowly.  Thenard 
was  not  able  to  freeze  this*  Liquid  by  any  degree  of  cold 
that  he  could  produce.  It  must  always  be  kept 
surrounded  with  ice,  for  it  decomposes  rapidly  nt  a 
temperature  of  nS^  Fahrenheit ;  and  the  heal  of  boiling 
water  is  sufficient  to  produce  an  explosion  from  the 
rapidity  of  the  decomposition.  The  Specific  Gravity  of 
this  Liquid  is  \A2b,  It  will  mix  with  water,  but  if 
poured  genlly  into  that  Liquid  it  passes  through  it  like 
sirop.  From  the  analysis  of  M.  Theuard  it  appears 
that  the  Deutoxide  of  Hydrogen  contains  twice  as  much 
oxygen  as  the  protoxide ;  that  is  to  say,  two  atoms  of 
oxygen  ^  16  -j-  one  atom  of  hydrogen  r=  I,  so  that 
the  weight  of  its  atom  :=:  17. 

Light  does  not  produce  any  very  marked  change  upon 
this  Liqnid,  The  metals  act  upon  it  variously  :  some 
abstract  a  portion  of  its  oxygen  aud  reduce  it  to  the  state 
of  water  ;  others  set  a  part  of  the  oxygen  free  and  take 
the  remainder  into  combination  ;  while  others  liberate  all 
the  oxygen  withont  possessing  themselves  of  any  of  it; 
and  a  few  seem  to  possess  no  action  upon  it  whatever. 
The  Acids,  especially  the  stronger  ones,  render  the  coin* 
bination  between  its  elements  more  firm.  By  the  Vol- 
taic pile  it  undergoes  decomposition  like  water,  as 
must  be  expected. 
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§  Z.-— Carbon. 


(297.)  A,  Carbon  is  seen  commonly  in  tv%u  lo 
both   which   consist   of  this  element    in    coosirf 
purity,  common  charcoal,  and  the    diamond. 
SIS  these  two  substances  appear  to  each  other,  it  ] 
yet  been  proved  that  they  differ,  except  in  the  sUlt] 
their  ug-g-re^faLion.     Newton,  by  a  beautiful  geoeralij 
tion   deduced  from  Optica!    properties,    suspected  tl| 
presence  of  a  combustible   principle  in   the  di^ 
The  experiments   of  the  Florentine  Academicia 
1694,  and  I  hose  of  ol  hers  made  subsequent  I  y»  con 
his  snppnsiiion.   (6.)      Guy  ton  first  showed  tht 
combustible    principle   was  Carhon.    (a.)      Nun 
cxpeiimcnts  of  this  sort  were  made  in  ditferent  parts « 
Europe:    of  these,    the  best  were   by    Mr.    Tcooan 
the   late  Professor  of  Chemistry  in  the   University 
Cambrids:e»     Messi^.    Allen    aud  Pepys,     and  Sif 
Davy  ;  and  all  tended  to  prove  that,  iti  the  conibustic 
of  the  diamond,  oxyg:en  is  taken  up,  and  thai  ft  Gisc 
sistin^  of  this  syb.slauce  combined  with  Carbon  is  i 
product,    (c.)      Carbon   exists,    also,    in    coii 
quantity  tn  plumba;:i;o,    a  mineral  consisting  > 
of  this  substance  combined  with  a   small  quaiit:iy  ut 
iron.       It  forms    the   chief  element   in    all    vegeubl* 
matter,  and   exists   in  various  proportions  ia  sevenl 
aninval  substances. 

(298,)  B.  Charcoal  is  generally  now  obtaioed  bj 
buruingr  heaps  of  fa{;'ot  wood  tn  a  sort  of  stack  covered 
with  turf,  or  still  better  by  distilling  the  wood  in  cjlia- 
drical  iron  retorts  :  one  product  obtained  by  tliis  mclbod 
is  the  pyrol igneous  Acid,  sold  as  vinegar  and  possessevl 
of  valnable  antiseptic  properties,  {d,)  Lamp  bladk  a 
a  sort  of  charcoal  bein^  the  soot  collected  by  bamiiig 
the  retuse  resin  procured  in  making  turpentine.  Itoff 
black  is  the  carbonaceous  matter  obtained  by  tlic  iocioe* 
ration  of  bones.  Coke  is  a  sort  of  impure  charcoal,  ob- 
tained by  the  close  combustion  of  coal ;  and  eont^iitu 
sulphur  with  much  earthy  matter.  Charcoal  for  Cbe 
mical  purposes  may  be  obtained  by  burning  box  or 
alder-wood,  or  pieces  of  leather  in  a  crucible  coverwi 
with  sand.  It  may  be  had  in  still  greater  purity  \>J 
jneineraling'  sug'ar  or  starch,  or  by  passing  the  vtpouf 
of  turpentine  or  spirit  of  wine  through  a  red-hoi  porce- 
lain lube.  Carbon  b  at  present  deemed  a  smpk 
ultimate  element. 

(299.)  C,  Carbon  is  a  solid,  even  at  the  greatest  ^ 
vations  of  temperature  that  we  can  command  in  oof 
furnaces;  still  it  seems  proved,  that  by  the  power* of 
the  Gas  tjlowpipe  it  may  be  fused.  And  some  receol 
experiments  made  with  the  Galvanic  deflagrator  by  Plf^ 
fessor  S  ill]  man  and  others,  seem  to  attest  that  it  bct- 
pable  both  of  fusion  and  volatilization,  (e.)  ChartOi' 
is  a  slow  conductor  of  caloric,  hut  conducts  electricity 
readily.  The  Specific  Gravity  of  the  diamond  is  SM^ 
The  Specific  Gravity  of  charcoal  is  generally  sta**^ 
much  below  the  truth,  in  consequence  of  the  porooi 
nature  tif  that  substance  ;  but  recent  expenmeat>,  to 
wtiich  that  source  of  error  is  obviated,  have  assigned  to 
it  a  Specific  Gravity,  equal  at  least  to  that  af  tbc 
diamond, 
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ire  Carbon  is  insoluble,  and  has  neither  smell  nor 
Charcoal,  in  consequence  of  its  numerous  pores, 
jable  of  absorbing  and  even  comlensiiig  within  itself 
fonsiderabie  quantities  of  Ga.*^eous  fluids ;  but  these 
titles  differ  for  different  Gases.  On  this  point  the 
"itneuts  of  Saussure  seem  the  most  satisfactory; 
thers  will  be  found  by  reference,  (f.)  It  has  also 
•at  temlency  to  absorb  njoisture  from  the  atmu- 
*e,  and  in  tins  respect  the  different  woods  vary  in 
powers,  (g.) 
)0.)  D.   In  atmospheric  air  charcoal  will  just  burn, 

small  piece  will  not  keep  up  a  slate  of  combustion 
lUt  a  current  of  air,  or  the  aid  of  adventitious  heat. 
lygen,  however,  a  piece  of  charcoal,  tieated  pre- 
ly,  burns  with  vigour.  The  diamond  will  burn  in 
spheric  air  when  heated  on  a  muffle ;  and  in 
en  Gas  it  continues  to  support  its  own  combus- 
if  previously  heated  by  beings  placed  in  the  focus 
ens.  It  burns,  also^  by  being  thrown  into  melted 
The  produce  of  this  combustion  is  Carbonic 
.  See  sub.sect.  2,  With  oxygen,  also,  another  com- 
d  may  be  formed,  to  which  the  name  of  Carbonic 

may  be  ^iven.  See  subseet.  I. 
)L)  E.  If  charcoal  be  ignited  in  chlorine  Gas  no 
ination  is  produced,  but  by  an  indirect  process 
Faraday  succeeded  in  forming  two  chlorides  of 
Dn,  and  another  such  combination  has  been  sub- 
fnlly  discovered, 
efiant  Gas  consists  of  one  atom  Carbon  +  one 

hydrogen.  If  this  Gas  be  nnixed  with  an  equal 
ne  of  chlorine,  the  three  elements  all  imite.  From 
compound  the  hydrogen  may  be  abstracted  by 
ng  it  with  more  chlorine,  and  a  trtie  chloride  of 
30  results.  For  the  minutine  of  the  process  we 
refer  to  Mr,  Faraday's  Memoir.  (A.)  This  sub- 
c  Mr.  Faraday  calls  the  Perrhtoride  of  Carbon* 
I  solid,  pulveruient,  or  crystalline  substance,  having 
[our  something  like  that  of  camphor.  Its  refrac- 
jower  is  greater  than  that  of  flint  glass.  Specific 
ily  about  2.0,  It  does  not  conduct  electricity, 
lelting  point  is  320^  Fahrenheit,  and  it  boils  at 
Fahreidieit*  It  is  scarcely  sokible  in  water,  but 
Ives  in  ether  or  alcohol,  and  in  both  the  fixed  and 
ile  oils.     In  the  flume  of  a  spirit-!amp  it  burns  with 

light,  and  supjmrts  a  vivid  combustion  in  oxygen 
It  is  not  readily  affected  by  either  Acids  or 
is,  but  the  metals  decompose  it,  abstracting  its 
inc.  Chlorine  Gas  does  not  affect  it,  but  iodine 
lydrogen  decompose  it.  Its  composition  is  stated 
ree  atoms  of  chlorine  -|-  two  atoms  of  Carbon, 
)2.)  By  passing  the  vapour  of  the  substance  just 
ibed  over  fragments  of  rock  crystal  in  a  red-hot 

tube,  a  partial  decomposition  is  effected  ;  one 
Dn  of  chlorine  escapes,  and  a  liquid  Chloride  of 
ON,  containing  one  atom  of  each  of  its  elements, 
?nses  in  the  cooler  parts  of  the  tube.  The  Speci- 
ravity  of  this  fluid  is  1,5526.  Its  refractive  power 
^5.  It  is  perfectly  limpid,  and  is  not  combustible 
f,  but  burns  in  the  flame  of  a  spirit-lamp.  It  re- 
s  fluid  at  O*'  Fahrenheit ;  rises  in  vapour  between 

and  170°  Fahrenheit.  It  does  not  mix  with 
V  but  dissolves  in  ether  and  alcohol ;  is  unaffected 
:ids  or  alkalis ;  but  is  decomposed  at  high  temper- 
s  by  oxygen,  hydrogen,  and  the  metals, 
[>8.)  The  9uh-chloriie  of  Carbon  was  brought  to 
and  from  Sweden  by  M.  Julin  of  Abo,  in  Finland, 
e  it  had  formed  accidentally  during  the  distillation 
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of  mtric  Acid  from  nitre  and  sulphate  of  iron,  (t.) 
This  substance  is  in  the  form  of  soft  white  fibres,  inso- 
luble in  water;  not  acted  upon  by  boiling  Acids  or 
alkalis;  soSuble  in  heated  turpentine,  and  also  in  alco- 
hol ;  but  most  of  it  again  separates  in  a  crysiallitie  form 
as  the  Liquid  cools.  It  sublimes  slowly  at  250°  Fahren- 
heit ;  but  fuses,  boils,  and  is  volulihzed  between  350** 
and  450°  Fahrenheil,  Potassium  i)urns  in  its  vapour, 
with  deposition  of  the  Carbon.  It  is  decomposed  by 
passing  over  fragments  of  rock  crystal  healed  to  red- 
ness. From  the  analysis  of  Messrs.  R.  Phillips  and 
Faraday,  it  appears  to  consist  of  one  atom  chlorine  -h 
one  atom  Carbtm, 

(304.)  Chhro'Carbonic  Add,  This  name  is  now 
applied  to  a  Gas  called  by  Dr.  Daiy,  its  discoverer. 
Phosgene  Gas,  from  the  mode  of  its  preparation.  When 
equal  volumes  of  chlorine  and  Carbonic  oxide  Gases  are 
made  perfectly  dry  and  exposed  in  a  flask  for  a  quarter 
of  an  hour  to  bright  sunshine,  the  green  colour  disap- 
pears and  a  condensation  of  one  half  the  volume  takes 
place.  Til  is  Gas  has  a  very  pungent  odour,  reddens 
litmus  paper,  is  decomposed  by  water  into  muriatic 
and  Carbonic  Acid  Oases.  It  forms  a  Salt  with  ammo- 
nia :  thus  affording  the  rare  instance  of  a  simple  base 
united  to  two  acidifying  principles.  Its  constitution  is 
one  atom  Carbonic  oitide  -f  one  atom  of  c!dorine,  (Ar») 

(305.)  F*  Unknown. 

(3t)6.)  G.  UjMliscovered.  (i} 

(3U70  H.  With  the  substances  under  this  head  Car- 
bon forms  most  important  combinations,  which  will  for 
the  most  part  be  noticed  hereafier.  The  compound  of 
Carbon  with  nitrogen  is  called  Ci/mwgi'n,  See  sect. 
8.  suhsect.  7.  Its  combinalions^with  hydrogen  will  be 
found  in  subseet.  3,  4,  5,  6,  7,  and  B,  and  a  curious  sub- 
stance formed  by  its  union  with  sulphur,  in  sect,  6. 
subseet.  7. 

(308.)  I.  With  the  metals  Carbon  forms  several 
compounds.  Those  willi  iron  are  of  first-rate  importance 
in  the  Arts.  Plumbago  has  been  already  mentioned. 
Steel,  in  all  its  various  forms,  consists  essentially  of 
iron  united  to  Carbon. 

(309;)  K.  The  distinguishing  characteristics  of  Car- 
bon are,  that  it  is  solid,  insipid,  inodorous,  fixed  under 
ordinary  processes,  and  (the  diamond  excepted)  black. 
By  combustion  with  oxygen  it  forms'  Carbonic  Acid,  a 
substance  readily  recognised. 

(310.)  L.  The  uses  of  Carbon  are  as  a  fuel;  in  the 
manufacture  of  gunpowder  ;  as  a  pigment ;  in  the  for- 
mation of  steel ;  for  the  production  of  coal  Gas  for  the 
purposes  of  illumination;  as  a  polishing  powder.  It 
has  also  a  very  singular  power  of  depriving  many  sub- 
stances of  colour,  and  of  rendering  them  inodorous.  The 
principle  of  its  action  in  these  cases  is  by  no  means  well 
understood,  (m.)  It  is  highly  antiseptic,  and  hence  it 
forms  a  good  tooth-powder  j  it  will  remove  the  smell 
from  tainted  meat ;  and  water  may  be  preserved  pureia 
long  sea  voyages  by  charring  the  inside  of  the  casks.  (//.) 

Sitb^ed,  1. — Carbonic  Oiide^ 

(31L)  The  discovery  of  this  Gas  was  made  by  Dr, 
Priestley,  who  obtained  it  from  the  distillation  of  char- 
coal with  Oxide  of  zinc.  Its  properties  were  more  fully 
developed  by  Mr.  Cruickshank,  (o,)  and  subsequently 
by  MjSL  Clement  and  Dcsormes.  (;x)  The  associated 
Dutch  Chemists  proposed  a  different  view  of  its  nature, 
iq,}  which,  however,  has  proved  erroneous.  It  may  be 
obtained : — 

4a 
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Chemiiify.      1.  By  distiHing  one  part  of  charooal  with  eight  parts 
-^^v-^  of  Oxide  of  zinc  in  an  earthen  or  coated  glass  retort. 
Finery  cinder,  which  is  iron  in  a  low  degree  of  oxida- 
tion, may  be  used  instead  of  the  Oxide  of  zinc 

2.  By  transmitting  Carbonic  Acid  Gas  over  ignited 
charcoal  in  aporcelam  tube :  a  convenient  apparatus  for 
the  purpose  is  described  by  M.  Baniel.  (r.) 

3.  By  distilling  dry  Carbonate  of  lime  or  barytes, 
with  one-fifUi  its  weight  of  charcoal,  or  witli  dry  iron, 
or  zinc  filings. 

The  Gas  so  obtained  must  be  purified  by  agitation 
with  lime  water,  or  solution  of  a  caustic  alkali. 

Carbonic  Oxide  has  an  unpleasant  smell :  it  is  in- 
flammable, burning  with  a  blue  flame.  Mixed  with  half 
its  volume  of  common  air  it  forms  an  explosive  com- 
pound, which  may  be  ignited  by  a  hot  wire,  or  a  piece 
of  lighted  charcoal.  It  is  lighter  than  common  air.  Its 
action  with  oxygen,  when  in  contact  with  spongy  phi- 
tinum,  is  described  by  Dr.  Henry.  («.)  This  Gas  is  but 
slightly  soluble  in  water,  and  does  not  cause  any  preci- 
pitate in  lime  water.  It  is  noxious  to  animal  life«  (L) 
When  100  measures  of  Carbonic  Oxide  +  50  measures 
of  oxygen  Gas  are  fired  by  electricity  in  Volta's  eudiome- 
ter, 100  measures  of  pure  Carbonic  Acid  result.  Carbonic 
Oxide  is  decomposed  by  potassium,  the  metal  seizing 
upon  the  oxy^n  and  Carbon  being  deposited.  It  is 
also  decomposed  under  similar  circumstances  by  being 
passed  through  an  ignited  tube  together  with  hydrogen 
Gas.  Carbonic  Oxide  consists  of  half  a  volume  of 
oxygen  -f-  one  volume  of  gaseous  Carbon  condensed 
into  one  volume;  or  one  atom  of  oxygen  -f-  one  atom 
of  Carbon. 

SubieoL  2.— Cor&ontc  Acid. 

(312.)  A.  Carbonic  Acid  was  discovered  by  Dr. 
Black  in  1757.  He  obtained  it  from  common  lime- 
stone or  magnesia,  and  gave  to  it  the  name  of  Fixed 
Air.  (u.)  He  recognised  also  its  formation  during  com- 
bustion, fermentation,  and  respiration.  Carbonic  Acid 
exists  in  small  proportion  in  the  atmosphere,  and  has 
been  found  by  Saussure  on  the  summit  of  Mont 
Blanc  ;  also  by  Humboldt,  in  air  collected  by  Gamerin 
in  a  balloon  at  the  height  of  several  thousand  feet  above 
the  surface  of  the  Earth.  Vogel,  however,  states  that  a 
portion  of  air  collected  at  sea,  only  two  leagrues  from 
the  shore  at  Dieppe,  contained  a  quantity  so  small  as  to 
be  almost  inappreciable,  (r.)  Mr.  Dalton  estimates  the 
quantity  existing  in  atmospheric  air  at  about  one  thou- 
sandth of  the  volume.  Saussure,  jun.,  on  experiments 
made  near  Geneva,  at  4.79  parts  in  10,000,  in  the 
month  of  January,  and  at  7.18  parts  on  an  average  in 
the  same  quantity,  in  the  months  of  July  and  Aug^ust. 

In  old  wells  and  similar  places  it  is  frequently  gene- 
rated in  such  quantities  as  to  be  fatal  to  any  animal 
tiiat  enters  such  an  atmosphere ;  it  is  then  commonly 
called  Choke  Damp.  It  exists  naturally  in  a  curious 
though  small  cavern  by  the  side  of  the  Lago  d*Agnano, 
in  Italy ;  a  district  entirely  volcanic ;  where  it  is  mixed 
with  sulphurous  exhalations.  Many  mineral  waters 
contain  it  in  considerable  quantities ;  such  are  those 
of  Tunbridge,  Carlsbad,  Seltze,  Pynnont,  and  many 
others.  United  with  hme  and  magnesia  it  forms 
some  of  the  most  extensive  rocks  of  which  this  Eaiih 
consists.  It  is  this  substance  which  gives  the  agreeable 
briskness  to  beer,  cider,  champagne  wines^  ami  other 
ftrtnented  liqoon. 


(313.)  B.  Carbonic  Acid  is  readily  prooamd^hf  jmi-  < 
ting  a  few  small  lumps  of  marble  or  chalk  into  a  Gasbo^  ^ 
tie,  and  pouring  upon  them  either  sulphuric  Aeid  diluted 
with  six  times  its  weight  of  water,  or  muriatic  Addt, 
which  is  still  better,  and  may  be  rather  more  dilnted. 
The  Gas  disengaged  may  be  received  in  jars  over  tha 
mercurial  trough,  or  even  over  water,  though,  m  tUa^ 
case  some  is  alMorbed  by  that  Fluid.  The  4 
of  this  Gas  is  beat  shown  by  exhibiting  both  its  i 
sis  and  analysis.  By  the  combustion  of  » 1 
of  charcoal  or  of  diamond  in  oxygen  Oaa»  a  ( 
Carbonic  Acid  Gas  is  generated,  whidi  may  be :^ 
or  otherwise  estimated;  and  hence  the  <|aaiitatf 
oxygen  taken  into  combination  may  be  aaeartained^        ~ 

On  the  other  hand,  ita  analfais  may  be.  affiicted..    ^ 
various  methods.  ^ 

1.  By  passing  a  succession  of  elaotrie  diachai^^^ 
through  a  quantity  of  Carbonic  Acid  Gaa  confiBedb  tih^ 
mercury.  Dr.  Henry  found  that  it  waa  deeompoaad;  ig^ 
Carbonic  oxide  and  oxygen ;  and  when  all  exceav.|f 
Carbonic  Acid  is  removed,  the  remaining  mixed  Qum 
may  be  again  united  by  the  electric  spndip  so  aa  lei^ 
produce  Carbonic  Acid,  (tr.) 

2.  By  heating  potassium  in  Carbonic  Acid  Qm, 
Davy  found  that  the  metal  took  to  itself  oxygWi  Mi 
that  Carbon  was  deposited. 

S.  By  heating  phiDsphonis  in  Carbonic  Add  Gai»a» 
decomposition  is  produced;  but  Mr.  TennantfiMi 
that  if  the  vapour  of  phosphorus  were  passed  over  nd 
fragments  of  Carbonate  of  lime  made  redrhofc  ia  a 
coated  tube  of  glass,  decomposition  takes  place ;.  jkm^ 
phoric  Acid  is  formed,  and  Carbon  is  found  aa  a  UMk 
powder  mixed  with  the  marble,  (x.) 

From  these  and  such  processes  it  is  ascertained  liNfc 
Carbonic  Acid  consists  of  two  atoms  of  oxygen  -f  «i 
atom  of  Carbon  :  or,  according  to  Gay  Luaraifs  wiNki 
of  one  volume  of  Gaseous  Carbon  -f"  one  voiuns  of 
oxygen,  condensed  into  one  volume. 

(314.)  C.  Gaseous  Carbonic  Add  has  the  Mawbg 
properties.  It  instantly  extinguishes  flame,  and  is  qnila 
fatal  to  animal  life.  It  is  heavier  than  comnmi  lir; 
having  a  Specific  Gravity  of  1,52778.  It  is  absoM 
by  water,  and  the  quantity  so  taken  up  is  in  proportki 
to  the  pressure  employed.  From  such  water  it  is  tgiia 
expelled  by  boiling*  by  the  exhaustion  of  an  air-pnmpb 
or  by  the  freezing  of  the  water.  When  moistartia 
present,  it  reddens  vegetable  blue  colours.  It  is  higUf 
antiseptic,  preventing  the  putrefactioa  of  animal  Mb 
stances  immersed  in  it. 

Carbonic  Acid  has  been  exhibited  in  a  liquid  sMta 
by  Mr.  Faraday.  This  excellent  Chemist  proeucd  it 
in  this  form  by  disengaging  it  from  Carbonate  of  aoina* 
nia,  under  the  violent  compression  of  a  sealed  tabs^ 
one  end  of  which  was  placed  in  a  freezing  mixinre. 
The  Liquid  was  a  colourless  Fluid,  floating  upon  saU 
phuric  Acid  and  water  contained  in  the  tube.  It  diatila 
rapidly  over  at  a  temperature  below  33^  FahrenhciL 
Its  refractive  power  is  much  below  that  of  water.  Ite 
pressure  under  which  this  Fluid  formed  waa  found  to 
be  thirty-two  atmospheres* 

The  action  of  the  other  elementary  bodice  upon  Gae- 
bonic  Acid  has  been  but  little  examined,  so  that  «a 
here  pass  on  to  the  principal  purpose  for  which  H  ie 
prepared.  Soda  water,  as  it  is  called^  conaiata  at 
water  strongly  impregnated  with  this  Gas*  and  ie  both 
formed  and  preserved  under  considerable  presaure^ 
which  is  never  removed  until  the  bottles  are  opened  for 
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'It  is  obtained  from  the  action  of  sulphuric  Acid 
I  diaTk ;  and  sometimes  a  small  quantity  of  alkali 
3een  dissolved  in  the  water  to  render  it  more  tena- 
i  of  the  Gas  which.it  absorbs. 

"CompmmdB  cfVarhtm  and  Hydrogen. 

rininerous  and  varied  are  the  compounds  of  Carbon 
Hydrogen,  which  have  been  obtained  by  Chemical 
nwes,  that  some  Chemists  have  been  led  to  suppose 
tfacM  two  elements  are  capable  of  uniting  in  almost 
adcfinite  variety  of  proportions.  It  is,  however, 
1  more  probable,  that  these  Oases  are,  in  fact, 
admixtures  containing  different  quantities,  of  two 
ree  well-defined  combinations.  There  is  ahK>  this 
liarity  in  the  compounds  which  we  are  about  to 
e;  diat'Gases  differing  in  properties  are  produced 
16  very  same  proportionate  combination  of  the  two 
tituent  elements.  The  only  appreciable  difference 
eir  constitution  is,  however,  one  which  we  might 
1y  auppose  would  produce  a  very  marked  effect 
,  the  combination  formed ;  viz.  that  the  degree  of 
ensation  undergone  by  the  Gaseous  elements  in 
case,  may  be  doable  or  triple  of  that  which  they 
r  m  another  case,  thougli  a  Gas  be  still  the  result. 
I,  if  the  views  of  Mr.  Dalton  be  correct,  one  atom 
Bfbon  +  one  atom  of  Hydrogen  produces  olefiant 
;  and  three  atoms  of  Carbon  +  three  atoms  of 
rogen  produce  superolefiant  Gas ;  both  the  com- 
ds  presenting  only  one  volume  of  resulting  Gas. 
e  shall  here  notice  in  succession,  the  various 
ibed  compounds  of  Carbon  and  Hydrogen, 
fh  our  information  concerning  them  is  at  present 
trni  being  full  and  satisfactory ;  some  resting  on 
1  stronger  evidence  than  others.  They  are  as 
its: 

▲•aauarvob.       Alom«volt.        FfwIlH 
«rCaiboii.  otHyiwogm. 

CadmrettedHydrogen.  .1  +  2  1  volume. 

Dt  Gu 2  -j-  2  I  volume* 

olclittit  Gas  (Oil  Gas  ?}  3  +  3  1  volume. 

Mirtt  of  Hydrogen  ....  .6  +  3  Liquid, 

uid  Dot  named  (Faraday)  4  +  4  Liquid. 

of  Coal  Tar 6  4-  6  Liqaid. 

i«e 1§  +  1  Solid. 

ecLS. — Light  Carhuretted  Hydrogen,  {Heavy  In- 
vmmahUAir:  Inflammable  Air  of  Marches:  Hy* 
o-carburet:  Proto-carburet  of  Hydrogen:  Bihydro- 
ret  of  Carbon,  of  Thomson.) 

1 5.)  Mr.  Dalton  was  the  first  to  examine  this  Gas 
care,  though  it  was  known  to  Priestley  and  Cruick- 
ks.  It  may  be  obtained  by  disturbing  the  mud  at 
x>ttom  of  any  stagnant  pond,  from  which  it  rises 
ibbles  through  the  water,  and  is  to  be  collected  in 
'  or  bottle  as  usual.  Thus  obtained  it  contains 
t  five  per  cent,  of  carbonic  Acid,  and  rather  less 
gen.  It  may  also  be  obtained  from  coal  Gas,  of 
li  it  forms  a  part,  by  removing  other  Gaseous  pro- 
\  with  which  it  is  mixed. 

lis  Gas  has  neither  scent  nor  taste ;  it  extinguishes 
ing  bodies,  and  is  itself  combustible,  burning  with 
gfit  yellow  flame.  It  is  not  decomposed  by  being 
id  through  moderately  heated  tubes.  Chlorine 
1  by  light  decomposes  this  Gas,  if  moisture  be 
mt:  the  Hydrogen  unites  with  tlie  chlorine  to 
muriatic  Acid ;  and  the  oxygen  and  carbon  pro- 


duce  carbonic  Acid  or  cafbonic  oxide,  according  to     Fkrtll. 
the  proportions  employed.     By  exposing  the  mixed  ^^y^' 
Gases  to  electricity  or  to  a  red  heat,  hydrochloric  Acid 
is  formed  and  carbon  deposited.  (^.) 

(316.)  From  the  researches  of  Dr.  Henry,  it  was  first  Tire  Damp, 
clearly  ascertained  that  the  Fire  Damp  of  coal  mines  is 
chiefly  this  Gas.  Its  formation  takes  place  spontane- 
ously in  the  beds  of  coal ;  it  then  collects  in  cavities, 
and  becoming  mixed  with  atmospheric  air,  it. forms  that 
highly  explosive  compound,  which  lights  by  the  approach 
of  a  candle  and  causes  frequent. melancholy  accidents  in 
mines. 

The  researches  made  by  Sir  H.  Davy,  and  the  result  Safety 
of  them,  must  be  considered  as  among  the  most  striking  Lamp, 
and  beneficial  applications  of  Chemical  Science  to  the 
purposes  of  life.  He  first  ascertained  that  when  the 
inflammable  Gas  is  mixed  with  three  or  four  times  its 
volume  of  air  it  is  not  explosive.  When  mixed  with 
five  or  six  times  its  volume  it  detonates  feebly;  but 
powerfully  when  the  proportion  is  one  to  seven  or 
eight :  it  ceases  to  be  explosive  when  more  than  four- 
teen times  the  volume  of  common  air  is  mixed  with  it. 

With  regard  to  the  temperature  at  which  the  mixed 
Gases  will  unite,  it  was  found  that  iron  at  even  white 
heat  was  insufficient,  but  that  any  flame,  however  small, 
would  cause  the  Gases  to  explode. 

It  had  been  shown  by  Professor  Tennant,  in  his  Lec- 
tures at  Cambridge  in  1814,  that  flame  would  not 
traverse  tubes  of  small  diameter :  (s.)  but  there  is  no 
evidence  to  prove  that  Sir  H.  Davy's  researches  were 
directed  by  a  knowledge  of  this  fact,  though  it  is  not 
improbable  that  he  was  acquainted  with  it.  However, 
proceeding  in  his  experiments,  he  found  that  not  only 
extremely  short  tubes  but  even  a  net  of  wire  gauze  was 
sufficient  to  interrupt  the  course  of  flame:  and  he 
made  the  admirable  application  of  this  principle  to  the 
construction  of  the  Safety  Lamp.  This  instrument 
consists  of  a  lamp  of  the  common  construction,  but 
entirely  surrounded  with  a  case  of  wire  gauze.  When 
the  miner,  guided  by  this  lamp,  arrives  in  mixed  air  of 
such  quality  as  to  be  explosive,  the  flame  of  the  wick 
at  first  enlarges,  and  should  the  Gas  within  the  lamp 
take  fire,  it  extinguishes  the  flame  of  the  lamp  and  the 
miner  must  withdraw:  for  although  no  flame  passes 
through  the  apertures  of  the  gauze  to  ignite  the  Gas  of 
the  mine,  yet  in  a  short  time  the  iron  net  may  be 
destroyed  by  the  intense  heat  within.  Some  lamps 
have  been  made  with  a  sort  of  cage  of  platinum  wire 
hanging  over  the  wick.  The  effect  of  this  is,  that  should 
an  explosion  take  place  within  the  lamp,  so  as  to  ex- 
tinguish it,  the  platinum  wire  becomes  sufficiently 
heated  to  continue  to  glow  at  a  red  heat  by  the  silent 
combination  that  is  being  produced  between  the  Gases 
of  the  explosive  compound,  and  thus  to  afibrd  the  miner 
a  feeble  light  for  his  escape,  (oa.) 

This  sort  of  action  may  be  elegantly  exhibited  by 
twisting  a  few  coils  of  platinum  wire  round  the  wick  of 
a  spirit-lamp,  so  that  the  five  or  six  last  turns  of  the  wire 
stand  about  one-fiflh  of  an  inch  above  the  wick.  The 
lamp  is  thus  lighted,  and  when  the  wire  is  red-hot  may 
be  suddenly  extinguished.  The  platinum  will  continue 
to  glow  for  many  hours  in  consequence  of  the  slow  com- 
bustion which  it  produces  between  the  vapour  of  the 
spirit  and  the  atmospheric  air.  (66.) 

This  Gas  consists  of  carbon  one  Atom  -j-  Hydrogea 
two  atomi. 
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Chemittry.  Suhtect  4. — OUfiant  Goi.     (Biearhwrttted  Hydrogen : 
^^^-y^^m^      Per-carbureUed  Hydrogen :  Hydroguret  of  Carbon, 
Thornton.) 

OlefiantGas.  (317.)  The  discovery  of  this  Gas  was  made  by  the 
associated  Dutch  Chemists  in  1796.  They  named  it 
Olefiant  Gas,  from  its  property  of  forming  an  oil-like 
substance  with  chlorine. 

To  obtain  it,  let  three  measures  of  strong  sulphuric 
Acid  be  distilled  with  one  measure  of  alcohol  in  a  glass 
retort  by  a  very  gentle  heat.j  The  Gas  may  be  collected 
over  water  and  freed  from  carbonic  Add  by  a  solution 
of  caustic  potassa. 

Olefiant  Gas  has  a  slight  odour  of  sulphuric  ether, 
which  is  formed  during  its  production.  It  bums  with 
a  flame  much  more  luminous  than  that  of  light  carbu- 
retted  hydrogen,  and  it  detonates  violently  when  mixed 
with  oxygen  in  Volta's  eudiometer. 

When  equal  quantities  of  Olefiant  Gas  and  chlorine 
are  mixed  together,  the  volume  immediately  diminishes 
and  a  substance  is  formed  resembling  oil  in  its  appear- 
ance, but  being  more  like  an  ether  in  its  properties. 
To  obtain  it  quite  pure,  it  should  be  washed  with  water, 
and  then  distilled  over  from  dry  chloride  of  calcium. 
This  liquid  boils  at  152^  Fahrenheit.  Its  Specific 
Gravity  at  45''  Fahrenheit  =  1.2201.  It  consists  of 
equal  volumes  of  the  two  elements,  chlorine  and  Olefiant 
Gas,  or  of  two  atoms  of  the  latter  to  one  atom  of  the 
former.  Dr.  Henry  proposes  to  call  it  Hydro-chloride 
of  Carbon,  which  seems  a  very  appropriate  name,  (cc.) 

A  compound  somewhat  analogous,  formed  of  iodine 
and  Olefiant  Gas,  is  described  by  Mr.  Faraday,  (jid.) 
Another  combination  of  the^same  substances  was  dis- 
covered by  M.  Serullas.  (ee.) 

Subsect.  5. — Svperolefiant  Geu.    (Dalton.) 

(318.)  Under  such  respectable  authority  as  that 
of  Mr.  Dalton  and  Dr.  Henry,  we  cannot  omit  to 
mention  a  Gas  discovered  and  so  named  by  the  for- 
mer Chemist.  We  are  very  sensible  that  these  com- 
pounds of  carbon  and  hydrogen  are  by  no  means  fully 
understood ;  and  therefore  there  is  the  greater  need  to 
call  the  attention  of  Chemists  to  the  point. 

Mr.  Dalton  aclduces  very  strong  evidence  of  the 
presence  of  this  Gas  among  the  various  products  ob- 
tained by  the  distillation  of  oil  and  coal ;  but  he  has  not 
as  yet  exhibited  it  in  a  separate  form.  Dr.  Henry 
states  that  it  must  be  a  permanent  Gas  at  our  tempera- 
tures, and  not  a  vapour,  for  he  was  unable  to  condense 
it  by  artificial  cold.  He  considers  it  as  composed  of 
three  volumes  of  the  vapour  of  carbon  and  three  volumes 
of  hydrogen  condensed  into  one  volume,  {ff.) 

SubsecL  6. — Bicarburel  of  Hydrogen.     (Faraday.) 

(319.)  There  is  an  instrument  called  Gordon's  por- 
table Gas  lamp,  consisting  of  a  cylindrical  copper  ves- 
sel, into  which  oil  Gas  is  forced  and  compressed  with 
a  power  equivalent  to  thirty  atmospheres.  During  the 
process  of  compression  a  considerable  quantity  of  Fluid 
is  condensed,  and  remains  a  Liquid  at  the  ordinary 
atmospheric  pressure.  As  thus  obtained  it  boils  at  60^ 
Fahrenheit ;  but  the  temperature  gradually  rises,  and 
the  whole  is  not  dissipated  under  a  temperature  of  250° 
Fahrenheit.  In  consequence  of  the  boiling  point  ap- 
pearing more   steady   between    176®  and   190®,  Mr. 


Faraday  carefully  examined  the  Fluid  which  came  over  i 
at  that  temperature.     Dy  various  precautions  he  thus  ^ 
obtained  the  Fluid  which  he  calls  the  BicarfoiiRt  ef 
Hydrogen. 

It  is  a  colourless  transparent  Liquid,  having  a  Spectte 
Gravity  of  0.85  at  60®  Fahrenheit.  It  con^ala  at  9f 
Fahrenheit,  and  boils  at  186®.  It  is  slightly  soluble  k 
water,  but  readily  so  in  fixed  and  volatile  oils,  ethci;  or 
alcohol.  It  bums  with  a  bright  yellow  flame.  Potasmit 
does  not  obtain  any  oxygen  from  it.  It  is  decompoied 
by  passing  its  vapour  through  a  red-hot  porcelain  tolic^ 
by  which  carbon  is  deposited  and  Carburetted  Hydi^ 
gen  escapes.  According  to  Mr.  Faraday's  Analyiii  iti 
constitution  is  six  atoms  of  carbon  +  three  atomi^ 
Hydrogen. 


SubucL  7. 


-  (Faraday.)    Quadro-^mki^ 


retted  Hydrogen  of  Tkommm^ 

(320.)  Another  combination  also  of  carbon  and  by* 
drogen  was  recognised  by  Mr.  Faraday,  but  be  did  aoi 
propose  a  name  for  it.  It  is  obtained  by  heating  in  ths 
hand  the  condensed  Liquid  obtained  ^m  oil  Gu, 
and  suffering  the  vapour  thus  raised  to  pass  throogli 
tubes  cooled  down  to  zero  Fahrenheit  A  Liquid  ii 
thus  condensed  which  boils  upon  a  very  slight  eleTttdoa 
of  temperature ;  and  before  the  thermometer  rises  to 
32®  Fahrenheit  it  is  wholly  reconverted  into  vapour. 

This  vapour  bums  with  a  brilliant  flame.  At  MP 
Fahrenheit  and  bar.  29.94  it  has  a  Specific  GniTit|of 
about  1.9065.  The  Specific  Gravity  of  the  Liquid  u 
0.627  ;  so  that  it  is  the  lightest  substance  known  imovg 
Liquids  or  Solids. 

It  appears  that  this  substance  consists  of  four  atooH 
of  carbon  +  four  atoms  of  Hydrogen ;  and  that  in  its 
state  of  vapour  eight  volumes  of  its  constituents  ia  Ike 
Gaseous  state  are  condensed  into  one  volume. 

Subtect.  S.-^Nafla  from  Coal  Tar. 

(32  L)  During  the  distillation  of  Coal  Tar,  thisfoii- 
tile  Liquid  is  condensed,  and  has  received  its  name  fim 
its  similarity  to  mineral  NaAa.  It  is  highly  inflanumhfe 
and  has  a  strong  empyreumatic  odour.  Dr.  Thomioa 
says  that  the  vapour  of  this  Liquid  *'  requires  nine  tima 
its  volume  of  oxygen  Gas  to  condense  it  completely ; 
and  when  one  volume  of  it  is  consumed  in  this  wij, 
there  remain  behind  six  volumes  of  Carbonic  Acid  Gti 
as  a  residue."  He  slates,  also,  that  this  vapour** is 
not  condensed  by  passing  it  through  water.**  Tims 
it  consists  of  six  atoms  s:  six  volumes  of  carbon  va- 
pour -\-  six  atoms  =  six  volumes  of  hydrogen,  con- 
densed into  one  volume  of  vapour,  (gg.) 

SubsecL  9. — Naphthaline. 

(322.)  The  substance  to  which  this  name  has  becB 
given  was  first  brought  into  notice  by  Mr.  Gordon  fa 
1820.  (hk.)  It  also  is  obtained  from  the  nafla  of  coal 
tar  by  very  gentle  distillation.  Tlie  nafla  at  first  passes 
over  in  consequence  of  its  greater  volatility,  and  the 
Naphthaline  afterwards  rises  in  vapour  and  condenses 
upon  the  neck  of  the  retort,  in  the  form  of  a  white 
crystalline  Solid.  Crystallized  Naphthaline  is  rather 
heavier  than  water,  has  a  sliglit  and  not  unpleasing 
odour,  and  a  nacreous  appearance.  It  fuses  at  18Cr 
Fahrenheit,  and  boils  at  4 10®  Fahrenheit.   Naphthaline 
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eadily  inflamed,  but  when  once  set  on  fire  it 

freely  with  much  smoke*  It  is  little  soluble  m 
cold  or  hot  watei\  but  readily  so  in  alcolioU 
olive  oil,  or  turpentifie.  The  alkalis  do  not 
it,  byt  acetic  and  oxalic  Acitls  dissolve  it,  and 
nnk-eolourcd  solutions.  Sulphuric  Acid  combines 
it  to  form  a  new  compound  Acid  which  Mr. 
ay  has  called  the  Sulpho-Naphthalic  Acid,  (li.) 
homson  analyzed  Naphthaline,  and  supposes  it  to 
t  of  an  atom  and  a  half  of  carbon  and  one  atom 
"Irojjen.  The  properties  of  this  substance  have 
hiefly  made  known,  by  a  very  able  Memoir  on  the 
t  by  Professor  Kidd  of  Oxford,  (kk)  We  have 
subsection  adhered  to  I  tie  spellings  made  use  of  by 
idd,  but  usually  we  have  followed  the  spelling  of 
?,  proposed  by  the  late  nmiahle  and  distinguished 
,er  Dr.  E.  D,  Clarke.  Consult  also  ref.  (il)  and  the 
important  remarks  of  Professor  Thomson  in  his 
Prineipk^t  vol.  i.  p.  150:  but  it  must  be  acknow* 
I  that  the  whole  of  this  subject  requires  further 
igation. 


I 


Gas  Light 


5.)  The  honoyr  ofbaving^  first  introduced  the 
jets  of  hydrogen  for  common  purposes  of  illumi- 
iBeems  due  to  Mr,  Murdoch.  The  Gas  is  oh- 
'by  heating  coal  or  oil  in  iron  retorts ;  and»  if 
iary,  the  Gas  evolved  undergoes  various  processes 
iBcation  before  it  arrives  at  the  large  gasometer, 
ch  it  is  kept  for  the  supply  of  the  numerous  and 
t  burners  wherein  it  is  consumed.    All  statements 

0  show,  that  the  Gas  thus  evolved  consists  of  a 
re  of  the  several  carburets  of  hydrogen,  and  I  hat 
y  variable  proportions.     As  first  produced,  there 

1  carbonic  Acid,  hydrogen »  sulphuretted  hydrogen» 
»me  nitrogen  ;  all  which  are  injurious  to  the  ulti- 
purposc  of  the  manufacture,  it  appears  quite 
1,  the  goodness  of  Gas  varies  directly  iu  propor- 
}  the  ciuanlily  of  those  Gases  present,  whieh  con- 
je  largest  proportion  of  carbon  in  their  constitu- 

ThuSj  olefiant  Gus,  superolefiant  Gas,  and  the 
rs  of  naphthaline,  are  far  more  seniceable  for 
nation  than  the  light  carburet  of  hydrogen, 
s  Gas  from  common  coal  is  least  expensive,  but 
lires  more  trouble  for  its  purifxcaiion,  and  is  by 
eans  so  luminous  as  the  Gas  from  oil.  The  Gas 
,  canal  coal  h  still  better,  in  consequence  of 
irger  proportion  of  bituminous  matter  which  it 
ns.  But  oil  Gas  is  the  best  of  all ;  it  gives  a 
er  lights  and  does  not  require  so  extensive  an 
atus  for  its  |iroduction. 

►  Rrande  made  some  experiments  on  the  rcspec- 
lluminatiiig  powers  of  diiferent  Gases,  and  con- 
I,  that  to  produce  a  light  equal  to  that  of  ten 
an  dies  fur  one  hour,  there  were  required 

2G00  cubic  inches  of  olefiant  Gas, 

4875 oil  Gas. 

13120  ,  ,. ,    coal  Gas, 

!^  however,  more  near  the  truth  to  consider  'oil 
IS  about  equal  in  power  to  twice  its  volume  of 
las.  The  flillowing  is  an  estimate  of  comparative 
ise  by  the  late  Mr*  Creighton  of  Glasgow, 

ng  the  quantity  of  light  given  by  1  lb.  of 

mm  candles  at « * ,      if.  Od, 


An  equal  c/bantity  of  light  from  sperm  oil,  con- 
sumed in  an  Argand  lamp,  will  cost 0  6^ 

Ditto  from  whale  oil  Gas. , . . . .  0  4^ 

Ditto  from  coal  Gas,  .    ,      .  . , 0  2 J 

For  further  particulars  on  this  .subject,  consult  refer- 
ence (nn.}r  hut  efpeciaily  the  Papers  of  Dr»  Henry, 
and  the  very  able  Essay  by  Drs.  Turner  and  Chrlstison* 
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Ch.  ei  Ph.  vol.  i.  and  ii.  (rfrf.)  PhiL  Tram,  1821 ; 
Jour,  Roy,  In,  vol,  xiii.  p.  429.  (ee.)  An,  de  Ch,  et 
Ph,  vol.  XX.  and  xxii.  {ff)  Henry,  PhiL  Tram.  1821, 
p.  156.  (gg.)  Fir$t  Principlen^  vol.  i.  p.  152*  (A A.) 
An.  PhiL" Yo\.  xv.  p.  17,  (ii.)  PhiL  Trans.  1826 
ikk.)  PhiL  Tram,  1821.  (//.)  Bniude,  QuarL  Jour 
Science^  vol.  viii,  and  An,  Phil.  N.  S.  vol.  vi.  (mm.} 
PhiL  Tram,  1808.  (nn.)  Henry,  Nich.  Jour.  1805; 
PhiL  Tram,  1808,  1820,  1826  ;  3fanch.  Mem.  N,  S. 
vol.  iii. ;  Creighton,  Art.  GasLi^ht^  Sup.  Ency,  Brit,  ; 
Turner  and  Christison»  Edinb,  PhU,  Jour.  1825, 

\  4. — Boron*  (Bore,  Thenard  ;  Boracium,  Davy,) 

(324.)  A.  *'The  saline  substance  called  Borax  has 
long  been  lamiliar  to  European  artists,  being  employed 
to  facilitate  the  fusion  of  the  precious  metals,  and  in 
the  formation  of  artificial  imitations  of  the  precious 
stones.  It  comes  from  the  East  indies,  ami  is  said  to 
be  found  chiefly  in  certain  lakes  in  Thibet  and  China. 
The  word  Borax  occurs  first  iu  the  writings  of  Geher, 
an  Arabian  Chemist  of  the  Xlh  century,  in  the  year 
1702,  Homberg,  by  distilling  a  miKture  of  Borax  mid 
green  vitriol,  obtained  a  peculiar  substance  in  small 
white  ^.hining  plates,  which  he  called  Jtx/aitre,  or  nar^ 
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Gheniitiy.  cotic  salt^  and  which  wm  considered  u  «i  efiicacioas 
remedy  in  continued  feven.  (a.)  Lemery  the  youn^r, 
in  the  year  1727,  found  that  this  substance  could  be 
separated  from  Borax  by  the  mineral  Acids.  (6.)  In 
1731,  OeofTroy  ascertained  that  sedative  Salt  g^ve  a 
green  colour  to  the  flame  of  alcohol ;  and  that  Borax 
•contains  in  it  the  same  alkaline  substance  that  consti- 
tutes the  basis  of  common  salt,  (c.)  In  1752,  Baron 
demonstrated  by  Ratisfactory  experiments  that  borax  is 
composed  of  sedative  salt  and  soda,  (d.)  Sedative 
salt  was  found  to  possess  the  properties  of  an  Acid  ;  it 
was  therefore  csWedBoracic  Acid :  but  the  composition 
of  this  Acid  remained  alto^ther  unknown.  Crell,  in- 
deed, published  a  set  of  experiments  on  it  in  the  year 
1800,  in  which  he  endeavoured  to  show,  thai  its  basis 
was  a  substance  very  similar  to  charcoal  in  its  proper- 
ties. («.)  But  when  his  experiments  were  repeated  by 
Sir  H.  Davy  they  did  not  succeed.  Davy,  in  the  year 
1807,  exposed  a  quantity  of  Boracic  Acid  to  the  action 
of  the  Galvanic  Battery,  and  observed  that  a  blade 
matter  was  deposited  upon  the  neprative  wire,  which  he 
considered  as  the  basis  of  this  Acid,  but  he  did  not  pro- 
secute the  discovery  further  at  that  time.  In  the  sum- 
mer of  1808,  MM.  Gay  Lussac  and  Thenard  succeeded 
in  decomposing  this  Aeid  by  heating  it  in  a  copper  tube 
with  potassium.  They  examined  the  properties  of  its 
base,  to  which  the  name  of  Boron* has  been  given,  and 
published  a  detailed  account  of  these  properties.  (/) 
Davy,  in  1809,  decomposed  the  Acid  by  the  process 
of  the  French  Chemists,  and  published  likewise  an 
account  of  the  properties  of  Boron."  (g.) 

(325.)  B.  "  Boron  may  be  obtained  by  the  following 
process.  One  part  of  pure  Boracic  Acid,  previously 
melted  and  reduced  to  powder,  is  to  be  mixed  with  two 
parts  of  potassiiun,  and  the  mixture  put  into  a  copper 
or  iron  tube,  and  gradually  heated  till  it  is  slightly  red, 
and  kept  in  that  state  for  some  minutes.  At  the  tem- 
perature of  800^  the  decomposition  begins,  and  the 
mixture  becomes  intensely  red-hot,  as  may  be  perceived 
by  making  the  experiment  in  a  glass  tube.  When  the 
tube  is  cold,  the  matter  in  it  is  to  be  washed  out  with 
water,  the  potash  formed  is  to  be  neutralised  with 
muriatic  Acid,  and  tlie  whole  thrown  upon  a  filtre.  The 
Boron  remains  upon  the  filtre,  and  may  be  washed  and 
dried  in  a  moderate  heat."  (A.)  Dr.  Thomson,  however, 
recommends  avoiding  the  use  of  a  filtre  by  washing  the 
Boron  in  a  glass  vessel,  repeatedly  drawing  off  the 
liquid  with  a  syphon  after  the  Boron  has  been  allowed 
to  subside. 

(326.)  C.  Boron  has  neither  scent  nor  flavour ;  Ha 
colour  is  an  olive  brown ;  it  is  not  soluble  in  water, 
ether,  alcohol,  or  oil,  even  assisted  by  heat;  it  is  infu- 
sible, and  in  close  vessels  remains  unchanged.  MThen 
first  prepared  it  does  not  sink  in  sulphuric  Acid  of 
Specific  Gravity  1.844  ;  but  oiler  having  been  strongly 
heated  it  sinks  rapidly  through  that  Fluid.  It  is  a  non- 
conductor of  Electricity.  Heated  in  water  to  176*' 
Fahrenheit  it  does  not  decompose  that  Fluid. 

(827.)  D.  At  ordinary  temperatures  it  does  not 
undergo  any  change  in  atmospheric  air  or  oxygen  Gas ; 
but  at  a  temperature  below  600°  Fahrenheit  it  under- 
goes a  rapid  and  vivid  combustion.  The  process,  how- 
ever, is  not  altogether  complete,  for  as  Boracic  Acid, 
the  product  of  this  combustion,  is  fusible,  each  globule 
of  Boron  becomes  coated  with  the  vitrified  Acid,  and  a 
nucleus  of  the  base  remains  unondized.  For  Boracic 
Acid^  See  anbMct.  1. 


(828.)  E.  According  to  Davy,  vrlwii  Boron  lilictttiB   < 
in  chlorine  Gas,  the  substances  unite,  evolvfaig  a  'Iwfl-  ^ 
Tiant  white  flame ;  a  white  sublimate  condciMMB  aii4te 
sides  of  the  vessel  in  which  the  experiment  m  madcMiH 
the  Boron  receives  «  white  coating,  which  on 


waslMtd  off  proved  to  be  Boracic  Acid.  (r.  p.  -41  J)  tk 
the  other  hand.  Gay  Lussac  and  Thenard  state  4ta 
Boron  is  not  sensibly  affected  by  dry  chlorine^Goa.  ^9 

(320.)  F.  With  fluorine  Boron  unites  to  foni« 
powerful  Acid,  the  Boro-fluoric  already  noticed.  flN) 

(330.)  G.   Unexamined. 

(331.)  H.  Sir  «.  Davy  coald  not  unite  Boron  Is 
nitrogen,  (g.  p.  42.)  nor  was  he  more  soceessful  in  Ui 
attempU  upon  hydrogen.  Omelin,  however,  dkM 
this  in  the  following  manner.  He  exposed  a  niitm 
of  four  parts  of  iron  filings,  with  one  part  of  Bonne 
Acid,  to  a  full  red  beat  for  half  an  hour  in  a  crociMc 
The  fused  mass  dissolved  with  effervescence  in  diMe 
muriatic  Acid  and  boruretted  hydrogen  Gas  was  erolveL 
The  Gas  had  the  smell  of  common  hydrsgen  4kt 
from  iron,  mixed  with  a  slight  smell  of  gariie.  ft 
burned  with  a  reddish  yellow  flame,  surrounded  by  t 
green  border:  some  white  fumes  appearing  in  the 
vessel  in  which  the  combustion  took  place.  (ib»)  Ai 
yet  the  union  of  Boron  with  carbon  has  HOt  tea 
e&eded, 

(332.)  I.  Boron  has  been  united  to  iron  and  |iMl- 
num  by  Descotils,  who  heated  chareoal,  boracic  Idfi 
and  the  metallic  filings  made  into  a  paste  with  dliil 
crucible.  The  compound  preserved  a  metallic  appear 
ance.  (/.)  Gmelin  made  similar  experiments.  («i} 
Davy  found  that  with  potassium  it  formed  a  grff 
metallic-looking  compound.  But  with  many  AfK 
metals  it  seems  to  refuse  to  combine. 

(338.)  K.  Boron  decomposes  nitric  Acid  with  np 
pidity,  nitrons  Gas  being  evolved,  and  the  Boron  In- 
coming boracic  Acid.  It  also  decomposes  the  sulplnnfc 
Add,  when  aided  by  heat ;  and  at  a  high  tempcntm 
it  takes  oxygen  from  a  number  of  the  compooiid  Ssltt^ 
nitrates,  sulphates,  and  carbonates.  It  reduoee  ito 
several  of  the  metallic  oxides. 

(334.  )  L.  M.  On  these  heads  we  have  notbiDK^H 
remaric. 

SubsecL  1 . — Boracic  Add, 

(335.)  A.  We  have  already  seen  (324.)  thatBonde 
Acid  vras  obtained  in  1702  by  Hombei^  from  the  d»- 
composition  of  Borax,  in  which  Salt  it  is  found  natunllff 
combined  with  soda.  Boracic  Acid  is  found  combindl 
with  magnesia  in  the  mineral  called  Boracite  found  i» 
the  Kalkberg,  near  Lunenburg,  also  in  the  Tincal  be- 
fore mentioned,  and  in  several  thermal  lakes  in  Xoh 
cany. 

(336.)  B.  Boracic  Acid  is  most  readily  obtained  Ih 
dissolving  Borax  in  hot  water,  gradually  adding  si^ 
phuric  Acid  to  the  filtered  solution,  until  the  Liqind 
becomes  rather  acid.  A  number  of  small  shining  luni- 
nary  crystals  gradually  form  and  subside  as  the  liquor 
cools.  These  are  crystals  of  Boracic  Add,  which  mnrt 
be  well  washed  with  dean  water,  and  then  dried  betwccK 
folds  of  blotting  paper.  In  this  state  it  is  a  bydfalc: 
the  water  may  1^  driven  off*  by  fusion*  and  the  Bonek 
Add  remains  pure. 

(337.)    C.    This  hydrate  exhibits    thin   hexagond 

scsdes  with  a  pearly  lustre  ;  has  something  the  appear 

ance  and  feel  of  spermaceti ;  its  Spedfic  Gnvity  li 

.479,  but  the  pure  Add  after  fusion  is  1 .80S.    Boracic 
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m  no  smell*  but  by  a0u»on  of  &  litile  Sulphyric 
mu^ky  odour  is  developed.  Boracic  Acid  is  not 
It,  but  after  fusion,  ut  a  red  heat,  il  becomes  on 
g  a  hard  transparent  glassi  which  keconie»  opake 
laliy  by  exposure  to  the  air,  but  does  not  de* 
ice.     it  has  the  property  of  reddening  vegetable 

18.)  D»  E.  F.   G,    None  yet  reeogniseil. 
9.)   H.  Neither  have  these  siubatancew  any  action 
Boracic  Acid  ;   but  it  is  soluble  in  alcohol,  and  by 
d  of  considerable  heat  in  oils  also. 
I0«)    L    Of    the   metals,    potassium   and   sodium 
have  been  found  capuble  of  decomposing;  Boracic 
With  regard  to  the  action  of  its  solution  upon 
a,  it  dissolves  iron,  zinc,  and  perhaps  copper. 
11.)    K.    Boracic  Acid  combines  with  the  os^ides 
^y  class  of  metals  to  form  Salts,  which  are  called 

12.)  L.  The  presence  of  Boracic  Acid  is  most 
recognised  by  its  property  of  colourings  the  flame 
ipmg  bodies  g^reen.  This  is  easily  exhibited  by 
imbustion  of  alcohol  holding  it  iu  solution ;  but 
miettt  method,  when  the  quantity  is  small^  is  to  dip 
on  thread  into  a  Boracic  solution,  and  theo,  after 
I  the  thread,  to  set  hre  to  it. 

e,)  M«  Boracic  Acid  is  used  in  the  fabrication  of 
br  the  imitation  of  precious  stones  ;  and  in  the 
it  of  minerals,  which  naturally  contain  the  fixeil 
i.  Borax,  the  Borate  of  soda,  is  employed  in  sol- 
f  to  clean  the  metallic  surfaces,  and  by  its  fusion 
iirent  oxidation,  and  thus  to  facilitate  the  union  of 
etallic  iiurfaces. 

References  to  §  4 

}  nt$t  de  tAcad.  1702,  p.  50.  (6.)  M^m.  A  tad, 
1728,  p.  273.  (e.)  Mem.  Acad.  Par.  1732,  p. 
id.)  Mem.  Havam  Etran§,  vol.  ii.  p.  412,  (<r.) 
e  Ch.  vol  XXXV.  p.  202.  (/)  Mem.  d'Arcmii 
•  p.  311 ;  and  Rech,  Phyn,  Chem,  vol.  i.  p.  27a. 
PAi7.  TrajiK  1809.  (A,)  Ttiomson,  SysL  vol.  i. 
h  (i.)  Recherches,  vol.  i.  p.  303.  (L)  Gmelin, 
tiff*  Jour,  voK  XV.  p.  246.  (L)  Rech,  Phy»,  Ch. 
p  p,  306.     (m.)  Gmelin,  Schweig".  Jour*  vol*  xv. 
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§  5.^ — Phosphorus, 


1)  A,  PhoBphorus  "  was  accidentally  discovered 
modt,  a  Chemist  of  Hamburffh,  in  ihe  year  36(>9, 
If  he  was  attempting:  to  extract  from  human  urine 
||iid  capable  of  converting  silver  into  gold,  lie 
kJ  a  specimen  of  it  to  Kunkel,  a  German  Chemist 
isiderable  eminence,  who  mentioned  the  fact  as  a 
of  news  to  one  Kraft,  a  friend  of  his  at  Dresden. 

immediately  repaired  to  Hamburgh,  and  pur- 
l^lhe  secret  from  Brandt  for  200  dollars,  exacting 
him,  at  the  same  time,  a  promise  not  to  reveal  it 
f  other  person.  Soon  after  lie  exhibited  his  Pho*- 
m  publicly  in  Britain  and  France,  expecting  doubt- 
fiat  it  would  make  his  fortune,  Kunkel,  who  had 
oned  to  Eraft  his  intention  of  getting  possession 
I  process,  being  vexed  at  the  treacherous  conduct 
I  friend,  attempted  to  discover  it  himself;  a^d 
,   the   year   1674  he  succeeded,  though   he  mly 

from  Brandt  ihat  urine  was  the  substance  from 
i  PhoKphorus  had  been  procured.  (6.)     AccortU 


I 


ingly  he  is  always  reckoned,  and  deservedly  too,  as  one     pm  n 
of  the  discoverers  of  Phosphorus."  ^^0^^ 

•*  Boyle  likewise  discovered  Phosphoru*4,  Leibnitr, 
indeed,  atfirms  that  Kraft  taught  Boyle  the  whole  pro* 
cess,  and  Kraft  declared  the  same  thing  tu  Stahl.  But 
surely  the  as$<ertion  of  a  dealer  in  secrets,  and  one  who 
had  deceived  his  own  friend,  on  which  the  whole  of  (his 
story  is  founded,  cannot  be  put  in  competition  with 
the  afiirmation  of  a  man  like  Boyle,  who  wiis  not  only 
one  of  the  greatest  Philosopher^ri,  but  likewise  one  of 
the  most  virtuous  men  of  his  Age;  and  he  pf»sitive)y 
assures  us  thai  he  made  the  disoovery  without  being 
previously  acquainted  with  the  process."  (c)  **  Mr. 
Boyle  reveakd  the  process  to  hi&  ai>sistunt,  Godfrey 
Haukwit^,  a  London  apothecary,  who  continued  for 
nMiny  years  to  supply  all  Europe  with  phospborua. 
Hence  it  was  known  to  Chemists  by  the  name  of 
English  Phosphorus,  (d)  Other  Chemists^  indeed,  had 
attempted  to  produce  it  but  without  success,  (r.)  till  in 
1737,  a  stranger  appeared  in  Paris,  and  otJered  to  make 
Phosphorus,  The  French  Government  granted  him  a 
reward  for  communicating  his  process,  lleliot,  Dufay, 
Geoffroy,  and  Duhamet  saw  him  execute  il  with  suo^ 
cess ;  and  Hehot  published  a  very  full  account  of  it  in 
the  Memoirs  of  the  French  Academy  for  1737/*  (/,) 
Thomson,  Sy$i» 

The  process  for  obtaining  Phosphorua  was  further 
improved  by  Margraf.  (g.)  Gahn  first  detected  ita 
presence  in  bones;  and  Scheele  devised  a  method  for 
obtaining  it  from  that  source. 

In  its  pure  state  Phosphorus  is  not  known  to  exist  in 
nature,  but  its  combinations  are  found  in  many  animal 
substances,  and  also  in  some  minerals. 

(345.)  Phosphorus  is  now  usually  nbtdincd  by  cal- 
cining bones;  the  solid  residuary  matter  consists  (or 
the  most  part  of  phosphate  of  lime.  This  white  i*ub- 
stance  is  pulverized  and  digested  for  several  hours  with 
naif  its  weight  of  concentrated  sulphuric  Acid:  btit  Ln 
this  water  is  added,  ^uibcient  to  reduce  the  mass  to  the 
consistency  of  cream.  By  this  process  the  phosphal^ 
of  lime  is  decomposed;  sulphate  and  biphosphate  of 
lime  result.  The  latter  Salt  is  dissolved  out  by  boiltii|f 
water,  then  evaporated  to  ttie  consi.stency  of  simp, 
mixed  with  one  lourth  its  weight  of  powdered  charcoal, 
and  submitted  to  a  good  heat  in  an  earthen  retort. 
The  beak  of  the  retort  should  terminate  in  cold  water; 
the  Phosphorus  is  condensed  by  the  water,  and  falls 
down  in  drops.  Phosphorus  is  further  purified  by 
fusing  it  in  hot  water,  and  carefully  pressing  it  through 
chamois  leather ;  or  else  by  a  subsequent  gentle  distil- 
lation, 

(34$.)  C«  Phosphorus  is  generally  seen  of  a  light 
brown  colour,  but  when  quite  pure  it  is  nearly  colour* 
less^  with  a  waxy  appearance  and  fracture.  It  fuses 
at  about  108°  Fahrenheit,  and  rises  fully  in  vapour  at 
SjU"^  Fahrenheit,  but  at  219^  Fahrenheit  in  vacuo. 

It  nmy  be  readily  cut  with  a  knife,  and  has  a  Spe- 
cific Gravity  about  1.77. 

(347.)  D.  The  affinity  of  Phosphorus  for  oxygen  is 
very  considerable,  and  most  energetic  combinations 
take  place  between  these  substances.  In  atmospheric 
air  Phosphoms  undergoes  a  slow  combustion  even 
when  no  extraordinary  heat  has  been  applied^  and  to 
this  cause  must  be  attributed  the  luminous  appearance 
which  it  exhibits  in  tlie  dark.  A  very  alight  elevation 
of  temperature,  even  tbat  produced  by  gtiitle  friction, 
U    sufliLient    to    throw  it  itkto  a  state   of  vivid    cooi- 
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Cbtniitry.  bustion,  duringr  which  intense  light  and  heat  are  deve- 

The  following  is  a  more  specific  summary  of  the 
mutual  action  of  Phosphorus  and  oxygen  civen  from 
M.  Thenard,  who  cites  Uie  experiments  of  M.  Bellani 
de  Monaz.  (h,) 

1.  Phosphorus  placed  in  pure  oxygen  at  an  ordinary 
atmospheric  pressure  and  temperature  undergoes  no 
change  ;  but  by  diminishing  the  pressure,  combination 
takes  place,  the  Gas  is  absorbed,  and  hypophosphoric 
Acid  is  formed.  And,  generally,  the  more  the  pressure 
is  diminished,  the  lower  is  tlie  temperature  at  which  the 
substances  unite ;  but  that  no  combination  takes  place 
below  41''  Fahrenheit. 

2.  Further  that  if  greater  pressures  are  employed^  a 
greater  elevation  of  temperature  is  required  to  produce 
combination. 

3.  Hie  addition  of  a  gpreater  or  less  quantity  of 
azote  or  hydrogen,  or  carbonic  Acid  to  a  given  volume 
of  oxygen,  produces  with  reference  to  the  combustion 
of  Phosphorus  therein  below  80^.6  Fahrenheit,  the 
same  effects  as  diminution  of  pressure.  Hence  the 
luminous  appearance  of  Phosphorus  in  atmospheric 
air ;  it  bums  slowly,  absorbing  the  oxygen  and  leaving 
the  azote. 

4.  Phosphorus  ought  to  pass  into  the  state  of  va- 
pour at  ordinary  temperatures  by  its  own  elastic  force, 
in  any  Gas  that  does  not  act  upon  it  Chemically.  Hence 
if  Phosphorus  be  allowed  to  vapourize  in  oxygen  Gas, 
and  then  hydrogen,  or  azote,  be  admitted  to  this  Gas,  a 
luminous  cloud  is  seen ;  or  if,  on  the  contrary,  its  va- 
pour be  formed  in  hydrogen,  or  azote,  or  carbonic  Acid, 
and  oxygen  be  admitted  to  this,  the  same  effect  is  pro- 
duced. 

Whether  any  combination  between  oxygen  and  Phos- 
phorus exist  in  such  proportions  as  to  form  oxides,  is  a 
point  not  fiiUy  ascertained ;  but  it  is  gpenerally  admitted 
that  there  are  three  such  combinations  by  which  dis- 
tinct Acids  are  formed.  These  are  the  Phosphoric 
Acid,  subsect.  I ;  the  Phosphorous  Add^  subsect  2 ;  and 
the  Hypophosphorous  Acid,  which  we  shall  be  able 
here  briefly  to  describe. 

(348.)  The  Hypophonhorous  Acid  was  discovered  by 
M.  Dulong,  in  1816.  Phosphuret  of  baryta  is  put  into 
water.  Phosphate  of  baryta  is  formed,  and  being  in- 
soluble is  precipitated ;  to  the  clear  filtered  liquor  just 
enough  sulphuric  Acid  is  added  to  remove  the  baryta ; 
and  the  remaining  solution  produces,  by  evaporation,  a 
viscid  uncrystallizable  solution  of  the  Hypophosphorous 
Acid.  By  increased  heat  this  Acid  undergoes  decom- 
position, (t.)  The  Salts  formed  by  this  Acid  are  re- 
markable for  being  all  soluble  and  highly  deliquescent. 
The  Acid  itself  is  supposed  to  contain  one  atom  of 
oxygen  +  two  atoms  of  Phosphorus,  but  with  reg^ard 
to  the  comparative  proportion  of  the  elements  of  all  the 
compounds  of  oxygen  and  Phosphorus,  there  still  seems 
a  little  uncertainty.  By  some  this  Acid  has  been  even 
supposed  to  be  an  hydracid,  that  is  to  say,  to  contain 
hydrogen  as  a  constituent  element. 

(349.)  £.  Chlorine  combines  with  Phosphorus  in  two 
proportions.  The  Protochloride  of  Phospkanu  (or 
Chloride)  is  best  prepared  by  passing  the  vapour  of 
Phosphorus  over  corrosive  sublimate  heated  in  a  glass 
tube.  Thus  protochloride  of  mercury  (calomel)  is 
formed  and  the  Phosphorus  unites  with  the  remaining 
atom  of  chlorine  which  is  set  firee.  This  protochloride 
ifl  a  Liquid  whose  Specific  Gravity  b  1  45.    It  is  a 


neutral  substance  not  affecting  vegetable  colours,  and 
contains  one  atom  of  each  of  its  constituents.  ^ 

(350.)  Deutochloride  of  PhotpkoruM  (Bichloride  of 
some  authors)    is  formed  by  placing  Phosphorus  ii 
chlorine  Gas ;  spontaneous  combustion  takes  place,  asd 
a  white  solid  substance  forms  on  the  sides  of  the  fetal 
This  substance  is  volatile  at  a  temperature  below  2lf 
Fahrenheit.     It  acts  violently  on  water;  hydrodibrie 
Acid  and  Phosphoric  Acid  being  the  result*.    Wlm 
transmitted  through  a    red-hot   porcelain  tube  widi 
oxygen  Gas,  the  chlorine  is  set  at  liberty  and  Fboi- 
phoric  Acid  is  produced,  showing  that  at  high  teiopiib 
atures  the  affinity  of  oxygen  for  Phosphorus  is  superior 
to  that  of  chlorine  for  the  same  substance.    This  Deilo^ 
chloride  contains  two  atoms  of  chlorine  +  one  aUNicf 
Phosphorus. 

(351.)  F.  unexamined. 

(352.)  G.  Iodine  combines  with  Phosphorus  it  ffu 
dinaiy  atmospheric  temperatures ;  heat  is  evolved,  md, 
as  it  appears  from  Dr.  Traill's  experiments,  there  ii  or 
is  not  light  according  to  the  mode  in  which  the  eipori- 
ment  is  conducted.  Two  compounds  are  supposed  to 
exist,  but  do  not  seem  to  be  very  tenacious  of  a  ddUto 
state  of  combination.  (Ar.) 

(353.)  H.  Phosphorus  combines  with  hydrogeak 
two  proportions.  The  resulting  substances  aie  bodi 
Gaseous,  and  some  little  difficulty  may  occur  to  Ai 
student  from  the  varied  nomenclature  emp^fed  l9 
Chemists  m  speaking  of  these  compounds.  '  We  iH 
adhere  to  the  general  rules  proposed  in  (110.)  ml 
(111.)  The  Proi-hydroguret  of  Pfmphonu  (Fhoii 
phuretted  Hydrogen  of  Gengembre  and  Kimli;' 
Hydrog^ret  of  Thomson)  was  discovered  in  1789% 
Gengembre,  (/.)  and  independently,  in  178^  bvB^ 
wan  ;  (m.)  it  has  been  further  examined  by  RanHlA 
(n.)  Dalton,  (o.)  and  Thomson,  {p.)  It  may  n  ob- 
tained by  heating  Phosphorus  in  a  solution  of  pn 
potassa ;  or  by  heating  a  paste  formed  of  small  m* 
ments  of  Phosphorus,  newly  slaked  lime»  and  a  fin 
water;  or  by  filling  a  small  retort  with  water idii- 
lated  with  muriatic  Acid,  and  then  adding  to  it  a  ftv 
lumps  of  phosphuret  of  lime ;  a  very  gentle  heat  it  to 
be  applied,  and  the  Gas  evolved  must  be  received  oicc 
water. 

The  Prot-hydroguret  of  Phosphorus  has  a  peeaUv 
and  disagreeable  odour.  It  is  slightly  soluble  is 
water ;  inflames  spontaneously,  and  bums  with  site- 
dour  when  it  comes  in  contact  with  atmospheric  air  ff 
oxygen  Gas.  It  is  decomposed  by  a  strong  heat,  or  llf 
the  electric  spark.  It  consists,  as  the  name  indicate^ 
of  one  atom  of  each  of  its  elements. 

(354.)  The  Beut-hydroguret  of  PhoiphoruM  (Md^ 
droguret  of  Thomson)  was  discovered  by  Davy  ii 
]  812.  He  procured  it  by  heating  crystallised  Aoi- 
phorous  Acid.  The  prot-hydroguret  is  also  reduced  to 
this  state  by  exposure  to  the  sun,  one  proportion  of'ite 
Phosphorus  being  deposited.  This  Gas  has  a  aeeit 
similar  to  that  of  the  prot-hydroguret,  but  less  stroqg; 
it  does  not  inflame  spontaneously  by  contact  i^ 
common  ur  or  oxygen  Gas,  but  bums  with  a  wUta 
flame  in  chlorine.  This  Gas  contains  two  atoms  oC 
hydrogen  +  one  atom  of  Phosphorus.  These  two  coBr 
pounds  might  also  be  called  sub-phosphuret  and  Fhoi* 
phuret  of  hydrogen. 

(355.)  Phosphorus  unites  with  carbon.  This  Plios- 
phuret  was  first  formed  by  Proust.  Thomson  gives  the 
following   as  the  readiest  method  for  obtaining  il: 
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'.  **  Allow  Phosphurel  of  lime  to  remain  in  WBter  till  it  has 
^^  given  out  all  the  Phosphuretted  Hydrogen  Gas  that  it 
is  capable  of  evolving.  Then  add  to  the  Liquid  a  con- 
siderable excels  of  muriatic  Acid,  ag-itate  for  a  few  mo- 
ments, and  throw  the  whole  upon  a  filter.  Phosphoret 
of  carbon  will  remain  upon  the  filler.  Let  it  be  pro- 
perly washed  and  dried.*' 

**  Phosphurct  of  carbon  ig  a  soft  powder  of  a  dirty 
lemon  yellow  colour,  without  either  taste  or  smell. 
When  left  in  the  open  air  it  very  slowly  imbibes  mois- 
ture, emits  the  smell  of  carburetted  hydrogen,  and  ac- 
quires an  acid  taste.  Hence  it  decomposes  the  water 
which  it  absorbs,  and  its  Phosphorus  is  slowly  converted 
into  Phosphorous  Acid.  It  does  not  melt  when  heated, 
nor  is  it  altered  when  kept  in  a  temperature  hig^her  than 
that  of  boiling"  water.  It  burns  below  a  red  heat,  and 
when  heated  to  redness  gradnally  f^ves  out  its  PhoB- 
pborus.  The  charcoal  remains  behind  in  the  state  of 
a  black  matter,  being'  prevented  from  burning  by  a 
^ating^  of  Phosphoric  Acid  with  which  it  is  covered. 
When  the  powder  is  thrown  over  the  fire  in  small  quan- 
tities, it  burns  in  beautiful  flakes.  It  is  composed  of 
one  atom  of  Phosphorus  +  one  atom  of  carbon,  (g.) 

(356.)  Phosphorus  combines  readily  with  sulphur  in 
several  proportions.  The  Phosphnret  of  sulphur  has  a 
yellow  colour,  and  possesses  great  tendency  to  crys- 
talline structure.  Its  properties  are  not  very  interesting^ 
but  for  those  who  may  wish  to  be  made  acquainted  with 
Ihem  in  detail^  references  are  given,  (r.) 

(357.)  Phosphorus  is  soluble  in  nitrogen  Gas,  form- 
ing a  Gaseous  compound  which  has  been  littJe  cxa- 
»  mined. 
(358.)  Alcohol,  ether,  and  oils  dissolve  Phosphoms 
IDore  or  less,  and  these  solutions  when  sptead  upon 
paper  become  luminous  in  the  dark,  especially  in  a  warm 
atmosphere. 

(359.)  L  The  metals  are  almost  all  capable  of  being 
imited  to  Phosphorus. 

(360,)  K.  Phosphorus  in  its  pure  state  cannot^  of 
course,  perform  the  part  of  either  an  Acid  or  a  base. 
The  action  which  it  possesses  upon  Acids  and  bases 
depends  in  general  on  its  affinity  for  oxygen  ;  llius  it  de- 
composes the  nitric  Acid  to  obtain  a  portion  of  its  oxy- 
gen, Gaseous  oxide  of  azote  being  evolved.  By  a  similar 
affinity  it  is  capable  of  decomposing  many,  if  not  all,  the 
metallic  oxides. 

(361.)  L.  In  its  elementary  state  Phosphorus  is  easily 
jecognised  by  its  luminous  properties,  and  by  its  ready 
combustibility.  Its  properties  when  acidified  will  be 
considered  hereafter. 

(362.)  M.  The  immediate  uses  of  Phosphorus  are 
very  limited,  but  it  has  served  to  make  a  small  portable 
instrument  for  obtaining  a  ligjht.  A  small  quantity  of 
Phosphorus  is  fused  with  a  little  lime  in  the  bottom  of 
a  bottle :  in  this  process  it  undergoes  a  partial  oiida^ 
tiOD,  so  that  when  a  common  sulphur  match  is  intro- 
duced and  again  removed  into  ihe  air,  it  inflames.  Phos- 
phorus^  when  administered  internally,  proves  one  of  the 
most  powerful  stimulants  of  the  animal  economy,  thus 
Ibrming  a  most  powerful  aphrodisiac. 
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Subsect  I  ^Phospharic  Acid. 

(363.)  A.  The  discovery  of  Phosphorus  led  to  the 
immediate  formation  of  Phosphoric  Acid,  which  is  pro- 
duced by  its  combustion  ;  but  its  true  nature  could  not 
liave  been  understood  previous  lo  the  theory  of  acidifi- 
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cation  by  oxygen.     This  Acid  does  not  exist  in  a  free 

state  in  nature,  but  when  combined  with  lime  it  forms 
a  principal  ingredient  in  bones,  and  also  a  part  of  most 
animal  matters. 

(364.)  B.  Phosphoric  Acid  may  be  obtained  quite 
pure  by  burning  Phosphorus  in  oxygen  Gas.  White 
vapours  are  produced  which  condense  in  snowy  crystals 
on  the  bottom  of  the  retort.  This  solid  anhydrous  Acid 
attracts  moisture  from  the  air  with  great  avidity,  and 
soon  becomes  liquid.  Phosphoric  Acid  may  also  be 
obtained  by  Ihe  action  of  Phosphorus  on  nitric  Acid, 
but  the  experiment  requires  caution,  as  the  decom- 
position takes  place  with  violence.  From  Phosphoric 
Acid  tlie  water  may  be  driven  off  by  heat,  and  Ihe  pure 
Acid  remains  in  a  glassy  state.  Generally  speaking, 
however.  Phosphoric  Acid  is  procured  from  bones  by  a 
process  already  adverted  to.  (337.)  The  biphosplrate 
of  lime  is  boiled  for  a  few  minutes  with  excess  of  car- 
bonate of  ammonia;  thus  carbonate  of  lime  is  precipi- 
tated, and  a  solution  of  phosphate  and  sulphate  of 
ammonia  remains*  By  evaporation,  and  Anally  by  a 
strong  heat  in  a  platinum  crucible,  every  thing  except 
the  Phosphoric  Acid  is  driven  off.  This  Acid  is  now 
for  the  most  part  supposed  to  consist  of  one  atom  of 
Phosphorus  -h  two  atoms  of  oxygen. 

(365.)  C.  This  Acid  in  its  purest  state  is  a  white  or 
transparent  Solid,  uniting  readily  with  water  in  all  pro- 
portions.    M.  Duiong  considers  that  by  heat  alone  it  is 
impossible  to   expel  all    the   water,    and  that  what  is 
caOed  solid  glacial   Phosphoric  Acid  consists  of  three 
atoms  of  Phosphoric  Acid  +  ^^^  atom  of  water.     The 
taste  is   intensely  sour,  the  effect  in  reddening  litmus- 
paper  is  very  energetic,   and   the  Acid  possesses  high 
neutralizing  powers  upon  the  bases.     This  Acid  is  de 
composed  by  the  Voltaic  pile. 
(366.)  D.  None. 
(307,)  E.  None, 
(369.)  R  Unknown. 
(369.)  G.  Unexamined. 

(370.)  H,  Nitrogen  has  no  action  on  Phosphoric 
Acid.  Carbon  decomposes  it  at  high  temperatures, 
(37),)  L  Potassium  and  sodium  decompose  this  Acid, 
(372.)  K.  No  other  Acid  is  capable  of  employing  the 
Phosphoric  as  abase;  but  with  bases  it  forms  nume- 
rous and  important  Salts,  With  single  atoms  of  some 
bases  it  unites  in  several  different  proportions,  form- 
ing sub-phosphites,  phosphites,  super-phosphites,  and 
other  classes  of  Salts,  which  we  must  not  here  enume 
rate.  (L) 

(373,)  L.  Tlie  most  marked  reagent  action  of  Phos- 
phoric Acid  is  as  follows.  When  exactly  neutralized  by 
carbonate  of  soda  or  potash,  the  solution  undergoes  no 
change  of  colour  by  passing  a  stream  of  sulphuretted 
hydrogen  through  it ;  acetate  of  lead  prepuces  a  while 
precipitate,  and  nitrate  of  silver  a  yellow  one.  The 
former  is  dissolved  by  the  addition  of  nitric  or  Phos- 
phoric Acid,  and  the  latter  by  ammonia,  as  well  as  by 
those  Acids. 

(374.)  M,  Phosphoric  Acid  is  not  generally  em- 
ployed in  Medicine,  but  M.  Lentin  has  recommended 
its  exhibition  in  doses  of  twenty-five  drops,  to  be  taken 
in  any  diluent  Liquid  fur  phthisis, 

Subseci  2, — Phosphorous  j^id 


H 


(375.)  N.  The  combustion  of  Phosphorus  frequently 
produces  Iwth  Phosphoric  and  Phosphorous  Acid ;  but 
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,  the  best  process  for  obtainiogr  the  latter  sabstance  b  to 
'  imss  the  Trnpoar  of  Phosphorus  through  powdered  cor- 
rosive sablimate  in  a  glass  tube.  Chloride  of  Phos- 
phorus is  formed,  and  condenses  in  a  liquid  form.  By 
patting^  this  substance  into  water  a  deoompositioa  takes 
place,  the  hydrogen  and  chlorine  form  hydrochloric 
Acid,  and  the  oxygen  unites  to  the  Phosphorus  to  form 
Phosphorous  Acid.  The  solution  must  then  be  erapo- 
rated,  so  as  to  drive  off  the  hydrochloric  Add,  and  the 
remaining  hydrous  Phosphorous  Acid  will  on  cooling 
assume  a  crystalline  structure.  The  spontaneous  oxi- 
dation of  Phosphorus  in  atmospheric  aur  produces  the 
same  Acid. 

With  bases  this  Acid  is  capable  of  forming  Salts,  bat 
they  have  not  been  examined  much  in  detaiL  It  ap- 
pears, however,  that  there  exist  sub,  neutral,  and  super* 
phosphites.    Consult  the  Memoir  of  M.  Dulong.  (ii.) 
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§  6. — Sulphur. 

(376.)  A.  Sulphur  is  on  the  whole  a  plentiful  sub- 
atance^  and  has  been  known  from  the  very  earliest 
times.  It  occurs  abundantly  among  the  various  pro- 
ducts of  volcanic  fires,  and  is  found  also  in  certain  mi- 
neral formations  chiefly  connected  with  clays  and  schists. 
Several  of  the  metalliferous  ores  consist  chiefly  of  this 
substance.  When  mixed  with  much  earthy  matter  it  is 
amorphous,  but  if  its  formation  has  taken  place  in  ca- 
nities, or  by  slow  processes,  it  presents  very  beautiful 
crystalline  forms.  The  Island  of  Sicily  produces  it  in 
great  abundance. 

(377.)  B.  Sulphur  is  obtained  pure  by  gentle  sub- 
limation ;  it  is  then  called  Flowers  of  Sulphur^  or  Fkur  of 
Sulphur^  but  it  is  at  first  contaminated  with  a  little  sul- 
phurous Acid,  which  must  be  removed  by  careful  wash- 
ing. Sulphur  is  at  present  considered  a  simple  sub- 
stance, though  it  has  been  difficult  for  some  eminent 
Chemists  to  satisfy  themselves  that  some  hydrogen  did 
not  enter  into  its  composition. 

(378.)  C.  At  our  ordinary  temperatures.  Sulphur  is 
m  Bolidy  brittle^  and  frequently  crystalline  substance.  It 


fuses  at  about  ISQP  or  190^  Fafarenhdt,  and  is 
pletely  fliud  at  220^.  It  rises  in  vapour  dightly  about  ^ 
170^  but  becomes  Gaseous  at  GQO^  Fahrenheit  Jt 
melted  Sulphur  be  poured  into  hot  water  it  remainaa 
tenadous  waxy  substance,  and  La  this  state  is  firequendi 
employed  to  take  impressions  of  gems,  coina,  Ac  Soh 
phur  is  a  nonconductor  of  electricity,  and  becomea  i^ 
gatively  electric  by  friction.  It  possesses  high  nfiie* 
tive  power  upon  light. 

(379.)  D.  When  heated  in  atmospheric  air,  or  oxjiiet 
Gas,  Sulphur  takes  fire»  combining  with  the  oxygen  mii 
fonning  Sulphurous  Add;  but  by  various  process 
four  distinct  combinations  between  Sulphur  and  ox 
may  be  produced.  These  will  be  described  in  i 
],S,  3,  and  4. 

(380.)  £.  Chloride  of  Sulphur  is  readily  fomedlie 
passing  a  current  of  chlorine  through  Flowers  of  Si( 
phur,  or  by  heating  Sulphur  iu  dry  chlorine  Gas.  TUi 
substance  was  first  described  bv  Professor  TbouMOOi 
(a.)  and  subsequently  examined  oy  A.  Berthollet,  M 
hud  by  Bucholz.  (c.)  Sir  H.  Davy  discovered  sdomi 
combination  between  the  same  elements,  (d) 

The  subchloride  of  Sulphur  formed  by  Thomooni 
process,  is  described  bv  himself  "  a  liquid  of  abrowMl 
red  colour,  when  seen  by  reflected  ligrht ;  but  yelkmyk 
green  when  seen  by  transmitted  light."  Its  smdl  ii 
strong,  and  somewhat  similar  to  that  of  sea  plnftb 
The  eyes,  when  exposed  to  it,  are  filled  with  tears.  Ibi 
taste  is  acid,  hot,  and  bitter,  affecting  the  throat  wil 
painful  tickling.  It  does  not  change  the  oolonr  of  Af 
litmus-paper ;  but  if  the  fnp^t  be  moist  it  immcdEal^ 
becomes  red.  Spedfic  Gravity  1.67?9  or  1.7.  It  icidQ 
dissolves  Sulphur  and  phosphorus,  forming  a  put 
nent  solution.  Chloride  of  Sulphivr  smokes  videritff 
in  the  open  air,  and  soon  flies  off^  leaving  crjm 
of  Sulphur  if  it  contains  that  substance  in  solnti^ 
When  dropped  into  water  it  is  decomposed,  SuUM 
being  evolved.  When  dropped  into  nitric  Aod  s 
violent  eJOTervescence  is  produced,  and  sulphuric  Add  ii 
formed.  This  substance  is  supposed  to  consist  of  SSi 
atom  of  chlorine  -j-  two  atoms  of  Sulphur. 

The  chloride  oj  Sulphur  formed  by  Dav/s  praew 
is  described  as  having  properties  dmilar  to  those  of  tfi 
substance  just  described,  and  Davy  seems  to  haveeoi* 
sidered  the  substances  identical;  but  Thomson  s^ 
poses  the  latter  to  contain  one  atom  of  eadi  of  OS 
elements. 

(381.)  F.  Unknown. 

(382.)  G.  Iodide  of  Sulphur  was  first  dtaeribed  fcf 
Gay  Lussac.  (d.)     It  is  supposed  to  contain  one  ataa 
of  each  element;    and   is  formed  simply  by 
iodine  and  Sulphur  together  iu  a  glass  tnbe. 
compound  has  the  appearance  of  sulphurate  of  aniX' 
•mony. 

(383.)  H.  Sulphur  combines  with  hydrogen,  fecnipg 
a  peculiar  substance  formerly  called  sulphuretted  hf^ 
drogen  Gas,  but  now  more  appropriately  hvdro  sttlphnne 
Acid.  In  fact,  hydrogen  and  Sidphur  umt«  in  two  fOh 
portions.     See  subsect.  5. 

The  combination  of  Sulphur  with  carbon  Ibdns  s 
substance  of  considerable  interest.  It  was  first  de- 
scribed by  MM.  Clement  and  Desormes,  (e.)  thoo^ 
it  had  been  obtained  by  Lampadius  in  1796.  (Jl)  Thos 
Chemists  obtained  it  by  adding  Sulphur  to  chaicoalcaD* 
tsdned  in  a  porcelain  tube  at  a  red  heat  This  piocsM 
is  rather  imcertain  and  inconvenient  The  writer  of 
this  Synopsis  has  obtained  it  readily  and  in  huge  t 
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(liyr  lityby  filing  %  tubulated  porcelain  retort  filled  with  bits 
Kp^  of  charcoal  into  a  Black's  portable  furnace:  to  ihe  ta- 
W  bulure  of  the  retort  en  earthen  tube  a  foot  long  was 
luted  and  closed  by  a  cork.  Through  this  tube  small 
fragments  of  Sulphur  were  dropped  down  upon  the 
heated  charcoal.  The  sulphuret  of  carbon  aa  it  formed 
passed  off  in  vapour  by  the  beak  of  the  retort,  into  which 
m  glass  tube  was  fixed  and  terminated  under  water. 
Here  the  sulphuret  was  condensed  in  drops,  and  re- 
mained at  the  bottom  of  the  jar  of  water.  To  obtain 
Ibe  Liquid  in  a  state  of  purity»  a  subsequent  distillation 
at  a  very  gentle  heat  ( 1 10°)  is  required. 

Bmtiphuret  of  carbonis  a  limpid  Liquid,  of  Specific 
Grarity  about  1.27.  It  boils  at  105^  or  110°,  and  does 
not  freeze  at  —  60^  Fahrenheit.  It  is  so  extremely  vo- 
latile as  to  produce  a  greater  degree  of  cold  by  its  eva- 
poration than  any  other  known  substance.  Thus  mer- 
cury may  be  frozen  conveniently  by  covering  the  bulb 
of  a  thermometer  with  cotton  wool  moistened  with  this 
84]bstance«  and  placed  under  the  receiver  of  an  air* 
pump.  In  the  open  air  it  takes  fire  at  a  very  low  tem* 
perature,  and  burns  with  a  blue  flame;  is  not  soluMe 
in  water,  but  readily  so  in  ether  and  alcohol.  It  is 
ccmsidered  to  consist  ofone  atom  of  carbon  -f-  two  atoms 

I    of  Sulphun     Consult  also  ref.  (9.) 
Sulphur  combines  with  phosphorus  (35§,)  and  sele- 
nion,  but  not  with  boron,  silicon^  or  nitrogen* 
(384.)  I.  Sulphur  combines  readily  with  almost  all 
the  metals,  and  in  some  cases  these  compounds  are 
reflated  by  the  laws  of  definite  proportions. 

(385.)  K.  Under  this  head  there  is  not  much  to  notice; 
by  digestion  with  nitric  Acid,  Sulphur  itself  undergoes 
acidification,  and  is  converted  into  Sulphuric  Acid. 
Upon  the  earthy  oxides  Sulphnr  exeits  no  action ;  but 
&t  a  temperature  sufficiently  elevated  it  acts  upon  all 
other  oxides,  in  some  cases  reducing  the  metals,  in  others 
Ibrming  sulphnrets. 

(386.)  h.  Sulphur  is  readily  recognised  by  its  Phy- 
sical properties;  or,  if  in  small  quantity,  it  may  be  aci- 
dified by  nitric  Acid,  and  tested  with  great  accuracy  as 
Sulphuric  Acid. 

(387.)  M.  This  substance  is  of  great  service  in  the 
Arts:    the  Sulphurous  Acid  produced  in  its  combuslian 

(is  used  to  bleach  woollen  substances  and  si  raw  bonnets. 
With  nitre  and  charcoal  it  forms  gunpowder,  ll  is  an 
important  ingredient  in  the  cement  used  in  joining  iron 
pipes  for  Gas  and  water.  In  Medicine  it  in  applied  ex-- 
lemally  in  cutaneous  disorders.  Internally,  il  is  M>me- 
times  given  in  visceral  obstructions,  and  as  an  alterative. 
It  possesses  a  rapid  eBect  in  counteracting  the  spe* 
^fic  action  of  mercury  on  the  system.  For  this  purpose 
ftolphuret  of  potash  is  perhaps  the  best  form  of  exhi- 
bition. 


Subiect  h — H^pomlphuTQUi  Add* 


^  (389.)  The  Salts  formed  by  this  Acid  were  first  no- 
ticed by  M.  Thenard  (A*) ;  its  relation  to  the  other  com- 
pounds of  sulphur  and  oxygen  were  then  pointed  out 
by  Dr.  Thomson  ;  and  lastly  Mr.  Herschel  (i\)  added 
very  considerably  to  our  knowledge  of  its  compounds 
and  their  mode  of  decomposition. 

U^potuiphtirous  Acid  may  be  formed  by  passing  a 

current  of  sulphurous  Acid  into  a  solntioa  of  the  hydro- 

sulphuret  of  lime  or  strontia  ;    or  by  digesting  sulphur 

ia  a  solution   of  any  sulphate,  or  by  digesting  iron- 

p    filings  in  a  solution  of  sulphurous  Acid  in  water.     In 

Hill  UieM  cases  a  solution  of  a  liyposulphite  of  the  base 


remains.  It  appears,  however,  that  the  Acid  itself  can- 
not  exist  permanently  in  a  fi-ee  state ;  for  if  a  hyposul- 
phite be  decomposed  by  sulphuric  or  muriutic  Acid^ 
the  Hyposulphurons  Acid  at  the  moment  of  quitting  Uie 
base  resolves  itself  into  sulphurous  Acid  and  sulphur. 
Mr.  Herschel  did  indeed  obtain  free  Hypo  sulphurous 
Acid  by  adding  a  slight  excess  of  Bulphuric  Acid  to  a 
diluted  solution  of  the  hyposulphite  of  strontia;  but 
decomposition  speedily  took  place  at  common  tempera* 
tures,  and  was  instantly  effected  by  heat. 

Subseci  2,'^SuipkurQiis  Acid, 

(389,)  Sulphurous  Acid  Gas  is  produced  whenever 
snlphur  is  burned  in  common  air  or  oxygen  Gas  ;  but 
it  is  most  readily  obtained  by  putting  three  parts  of  SuU 
phuric  Acid  and  two  parts  of  mercury  into  a  small  glass 
retort.  The  heat  of  an  Argand  ittmp  produces  a  copicjus 
evolution  of  the  Gas»  which  ought  to  be  received  over 
mercury.  Here  a  part  of  the  sulphuric  Acid  gives  up 
its  oxygen  to  the  metal,  and  i»  reduced  to  the  state  of 
Sulphurous  Acid,  while  the  remainder  unites  to  the  oxi- 
dated metal,  and  produces  a  residuum  of  sulphate  of 
mercury  in  the  retort. 

This  Gas  has  a  pungent  and  very  characteristic  odour; 
it  extinguishes  combustion,  and  is  not  itself  combustible* 
It  is  quite  unfit  for  respiration,  Water,  especially  when 
hot^  is  capable  of  dissolving  a  considerable  quanliiy  of 
this  Gas.  The  bleaching  properties  of  burnt  sulphur 
already  mentioned  (387.)  are  due  to  its  action  ;  and  it 
is  singular  that  if  litmus-paper  be  so  bleached^  the  colour 
seems  not  to  be  absolutely  destroyed,  but  may  be  again 
developed  either  by  an  Acid  or  alkali.  If  moisture  be 
present,  Sulphurou!^  Acid  Gas  will  unite  with  oxygen^ 
and  pass  to  the  state  of  Sulphuric  Acid.  Nitric  Acid* 
or  oxide  of  manganese,  produce  the  same  effect.  Of  all 
the  Gases,  this  one  is  m*ist  readily  condensed  into  th^ 
liquid  lr>rm.  Mr.  Faraday  etl'ected  this  by  a  pressure 
equiv^U^nt  to  two  atmospheres;  and  M,  Bas5y(Jt.)  pro* 
duced  the  name  clfect  under  the  ordinary  atmospheric 
|»rt'Ksuie  bv  subjecting  it  to  the  cold  produced  by  snow 
and  salt.  This  Acid  unites  with  bases,  and  produces 
Sails  called  sulphites.  It  is  believed  to  consist  of  equal 
vohitiies  of  sulphur,  vapour,  and  oxygen,  or  of  sulphur 
one  atom  -j-  oxygen  two  atoms 

Subsect  3. — Hypomlphuric  Acid 

(390.)  MM.  Walter  and  Gay  Lnssac  first  discovered 
this  Acid,  and  furmetl  it  by  passing  a  current  of  sulphur- 
ous Acid  Gas  through  water  in  which  finely-powdered 
peroxide  of  maiiganese  was  suspended.  A  neutral  so* 
lution  of  hypo  sulphate  and  sulphate  of  manganese  is 
produced.  The  solution  is  to  be  concentrated,  and  then 
by  adding  an  excess  of  pure  baryta  to  the  heated  sola* 
tion,  and  agitating  it  well«  the  oxide  of  manganese  id 
separated,  as  also  the  insoluble  sulphate  of  baryta.  The 
filtered  Liquid  will  contain  hyposulphate  of  baryta  and 
some  excess  of  that  earth  in  solution.  This  excess  may 
be  removed  by  a  stream  of  carbonic  Acid,  and  an  ex* 
cess  of  that  Acid  may  be  got  rid  of  by  boiling.  The 
pure  hyposulphate  of  baryta  is  then  to  be  crystallized, 
redissolved  in  water,  and  the  baryta  precipitated  by 
cautiously  adding  the  requisite  quantity  of  sulphunc 
Acid.  The  filtered  Liquid  is  to  be  concentrated  by  sul* 
phuric  Acid  placed  in  the  receiver  of  an  air-pump  till  it 
has  a  Specific  Gravity  1.347. 

4  T  2 
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This  Acid  18  not  affeettd  by  QXjgen  Gas»  chlorine, 

or  concentrated  nitric  Acid.  It  dissolves  zinc  with 
evolution  of  hydrog-en  Gas.  It  saturates  bases  forming 
Salts.  Tbo^e  of  lime,  baryta,  stronlia,  and  the  prot- 
oxide of  kad,  are  soluble,  thus  forming  a  marked  dis- 
tinction between  themselves  and  ihe  sulphates  of  the 
fame  bases*  Hyposulphuric  Acid  is  supposed  to  con- 
sist of  sulphur  two  atoms  +  oxygen  five  atoms,  ([*) 

SubtecL  4. — Sulphuric  Acid, 

(391.)  A.  As  far  as  is  known»  Sulphuric  Acid  was  first 
obtained  by  Basi!  Valentine,  In  the  XVth  century.  He 
procured  it  by  the  dry  distillation  of  sulphate  of  iron. 
Subsequently  it  has  been  obtained  by  other  processes, 
and  is  eittensively  employed  in  the  Arts*  It  is  found  in 
combination  with  bases  in  several  mineral  substances 
but  does  not  exist  free  in  nature,  except  possibly  in 
Btnall  quantities  among  the  products  of  active  volcanoes. 
(39-2.)  B,  Sulphuric  Acid  is  now  chiefly  made  by 
burning  a  mixture  of  one  part  of  nitre  with  six  or  eight 
parts  of  sulphur  in  large  leaden  chamhers,  having  the 
floor  covered  with  a  ihin  stratum  of  water,  (m.}  The 
Liquid  thus  produced  consists  of  a  sol ui  ion  of  Sul- 
phuric Acid  in  water.  By  subsequent  evaporation  the 
greater  part  of  the  water  is  driven  olf»  and  a  concen- 
trated Sulphuric  Acid  remains.  In  its  highest  state  of 
concentration  liquid  Sulphuric  Acid  contains  dry  Sul- 
phuric Acid  one  atom  +  water  one  atom. 

(393.)  At  Nordhausen,  in  Thuringia*  a  strong  liquid 
Stilphuric  Acid  is  prepared  from  sulphate  of  Imn  by 
dry  distillation,  in  earthen  retorts,  Thi*;  Acid  nmy  be 
put  into  a  glass  retort,  to  which  a  large  tube  is  attached 
and  surrounded  with  ice*  Ignited  charrf»al  is  placed 
under  the  retort,  and  Ihe  Liquid  beinir  brought  lo  ebulli- 
tlon»  vapours  of  an  hydrous  Sulphuric  Acid  pass  over, 
and  are  condensed  in  the  cold  tube.  This  Acid,  at  a 
temperature  below  77*^  Fahrenheit,  is  solid,  white,  and 
Opake,  at  77^  it  fuses  and  forms  a  Liquid,  which  strungly 
refracts  light;  having  a  density  of  1,57.  At  a  higher 
temperature  it  is  volatile,  so  as  indeed  not  to  be  easily 
fused,  except  under  some  pressure.  This  substance 
possesses  strongly  acid  properties,  and  attracts  mois* 
ture  with  great  avidity,  (n.)  It  consists  of  sulphur  one 
atom  +  oxygen  three  atoms. 

(394.)  C.  Suljjhuric  Acid  is  an  oil-hke  fluid,  and 
when  pure  is  colourless.  It  has  a  very  strong  affinity 
for  moisture,  and  produces,  when  mixed  with  water,  a 
very  considerable  degree  of  heat.  Dr.  Ure  stales  that 
73  parts  by  weight,  mixed  with  27  parts  of  water,  ex- 
hibit this  property  in  the  most  striking  manner.  The 
Specific  Gravity  of  the  strongest  liquid  Acid  is  L850  ; 
but  Dr.  Ure  states  that  if  pure  it  is  not  beyond  1.8485. 
Mr.  Dalton  has  given  a  Tahle  exhiliiting  the  real  Acid 
in  mixtures  of  Acid  and  water  of  diflerful  densities.  See 
Part  V.  Table  IV.  Consult,  aho,  Mr.  Parke's  Essay, 
(o.)  and  Dr.  Ure*s  Paper,  (p.)  Liquid  Sulphuric  Acid 
may  be  frozen  by  artificial  cold.  In  distilling  over 
Sulphuric  Acid  from  glass  vessels  there  is  great  danger 
of  the  vessels  being  broken  by  the  violent  detonations 
with  which  Ihe  heated  Liquid  hursts  into  vapour;  this 
may,  however,  he  remedied  by  placing  in  the  retort  a 
few  fragments  of  pounded  glass,  or  platinum  wire :  the 
sharp  points  of  these  bodies  determining  the  evolution 
of  vapour  in  smaller  bubbles,  and,  llierefore,  with  less 
violence  of  effect.  The  nature  of  this  action,  with  re- 
ference to  some  other  curious  points  in  the  esttrication 


of  Gases,  snd  of  vapours  arising  darin|^  ebuUition,  Im  |H 
been   examined  by  Gay  Lussac.  (9.)     Sulpburic  kM  m 

is  decomposed  by  the  Voltaic  pile, 

(395.)  D.  None, 

(396.)  E.  None. 

(397.)  R  Unknown. 

(39B.)  G,  None. 

(399.)  H.  Of  these  substances  not  one  decon 
Sulphuric  Acid  at  common  temperatures,  but  all 
the    exception    of    nitrogen,    and    possibly    selc 
decompose  it  when  aided  by  heat.     Hydrogen  efl 
this  at  a  low  red  heat ;  and  water,  andsulphurotit  j 
Gas,  or  sulphur  results.     Carbon,  at  a  high  temp 
ture,  decomposes  it,  producing  gaseous  carbonic  j 
and  sulphurous  Acid.     The   action   of  phosphoms  i 
analogous ;  and  that  of  boron  would  be  so  in  all  j 
bability. 

(4Q0.)  I.    Potassium  and  sodium    decompose 
phuric  Acid  with  violence  at  all  temperatures. 
iron,  and  probably  manganese,  exert  little  action  i 
Sulphuric  Acid   at  common  temperatures ;  but  by  I' 
help  of  a  moderate  heat  they  decompose  it,  with  ef»^ 
tion  of  hydrogen  Gas,  and  become  sulphates  of  I 
metals  respectively.     The  hydrogen  results  chietff  f 
the   decomposition    of  the   water  present,  so  that 
process  succeeds  best  by  diluting  the  Acid  when  ob 
ing  that  Gas  is  ihe  end  required.  yi 

Tin,  and  the  metals  of  the  last  three   classes,  do  «flt 
act  at  all  on  Sulphuric  Acid  at  ordinary  tempenitores; 
but  above  212**  Fahrenheit  all  do  so  except  chroming  ^ 
tungsten,     columbium,     titanium,     uranium,     ceriai^M 
osmium,  palladium,  rhodium,  platinum,   gold  and  i#" 
dium. 

(401.)  K.  Sulphuric  Acid  never  performs  the] 
of  a  base,  and  its  action  upon  other  Acids  is 
of  the  nature  of  decomposition,  dependent  upon 
elements  of  which  they  may  be  composed.  With  I 
it  forms  numerous  and  important  Salts,  which  we  I 
not  space  here  to  enumerate. 

(402. )  L.  Sulphuric  Acid  is  most  readily  and  ^ 
tinctly  recognised  by  the  precipitate  which  it  eives  witi 
borytic  water,  or  solution  of  horytic  Salts.  The  whit* 
powder  so  produced  is  insoluhle  in  nitric  Acid,  bat  by 
being  heated  with  charcoal,  it  is  converted  into  1  ad* 
phuret. 

(403.)  M.  Sulphuric  Acid  is  largely  employed  in  tbe 
Arts;  as  a  lixivium  in  dyeing,  and  (or  dissolving  indigo 
Sometimes,  also,  in  tanning  leather.      It  serves  also  to 
decompose  other  Salts,  whose  Acids  are   required  1 
In  practical  Chemislr),  also,  its  uses  are  numerous  1 
extensive.     Vinegar  is  often  adulterated  with  it ;  an 
sort  of  lemonade  is  made  with   this  as  a  cheap  5ub 
tute  for  citric  Acid. 

SubsecL  5. — Compounds  of  Sulphur  wOh  H^dmftn, 

In  examining  this  part  of  our  subject  we  encooWif 
some  difficulties,  which  chiefly  arise  from  the  confowl 
stale  of  our  numenclalure  ;  and  >n  attempting  briefly  to 
dispel  them,  ue  sljall  be  under  the  necessity  of  atlrioi 
a  slight  change  in  ihe  language  of  some  Chemrsti;  hd 
we  trust  that  no  confusion  will  thence  arise,  as  we  tM 
carefully  present  the  synooymes  of  other  authors. 

Sulphur  and  Hydrogen  unite  in  two  proportions  ;—•» 
these  to  be  called  Sulphurets  of  Hydrogen,  or  Hjdnrreti 
of  Sulphur  ?  The  former  was  the  plan  at  first  adopted, 
and  Berthollet,  to  preserve  a  distinction,  employed  lb* 
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terms  **  Hydrogene  SulphureJ*  and  **  Soufre  Hydro* 
g-eni."  The  proportions  are  now  known  to  be  Hy- 
drogen ODe  atom  -f-  sulphur  two  atoms  ;  and  Hydrog-en 
one  atom  -|-  Sulphur  one  atom.  The  former  compound 
nnites  with  bases,  but  it  has  not  been  sliown  to  possess 
acid  properties;  though  in  some  sense  it  is  probable 
that  it  does  so.  The  latter  also  unites  with  bases,  and 
possessing  decidedly  acid  properties,  Gay  Lussac 
proposed  to  call  it  Hydrosulphuric  Acid ;  thus  recog- 
nising that  Hydrogen  is  its  acidifying  principle^  and 
preserving  the  analogy  for  H yd r iodic,  Hydrochloric 
Acid,  &c.  &c.  If  we  consider  the  componnd  of  one  atom 
Hydrogen  +  two  atoms  Sulphur  not  an  Acid»  we  may 
consistently  with  our  plan  call  it  Hydruret  of  Sulphur; 
bat  if  we  deem  it  an  Acid,  we  may  call  it  Hydrosul- 
phurous  Acid.  For  the  second  compound  consisting  of 
one  atom  of  Hydrogen  -j- one  atom  ofSulphur,we  unhesi- 
tatingly adopt  Gay  Lu3sac*s  name  of  Hydrostilphunc 
Acid. 

Uydniret  ofSidpmir,  or  Hydronulphuroju  Acid.  (Soufre 
Hydrogen<5  of  Thtncrd ;  Hydrostilphurous  Acid  of 
Thomson;  Bisulphureticd  Hydrogen  of  Hmry,) 

(404.)  Tlje  following  are  the  properties  of  this  sub- 
stance as  detailed  by  Bertholiet»  («.)  and  abstracted  by 
Dr,  Henry,  (/.) 

•*  This  substance  m  obtained  when  the  compound 
produced  by  boiling  Flowers  of  Sulphur  with  liquid 
potas«ia  is  poured  by  little  and  little  into  muriatic  Acid. 
A  very  umall  portion  only  of  Gas  escapes  ;  and  while 
the  greater  part  of  tiie  Sulphur  separates,  one  portion 
€>f  it  combines  with  Ihe  Hydrosulphuric  Acid,  assumes 
the  appeamnce  of  an  oil,  und  is  deposited  at  the  bottom 
of  the  vessel.  Or  dissolve  Sulphur  in  a  boiling  solution 
of  pure  potassa;  and  into  a  phial,  containing  about 
one-third  its  capacity  of  mwrialic  Acid,  of  the  Specific 
Gravity  1.07,  puur  about  an  equal  bulk  of  the  liquid 
compound.  Cork  the  phiaU  and  shake  it;  the  Hydruret 
of  Sulphur  gradually  settles  to  the  bottom  in  the  form 
of  a  brown,  viscid,  semifluid  mass ;  its  properties  are 
the  following. 

1.  **  Its  taste  and  smell  resemble  those  of  putrid 
^gs,  but  ore  less  offensive.  Its  preciHe  Specific  Gra- 
vity is  unknown,  but  it  is  heavier  than  water,  and 
descends  through  it.  It  is  inflammable,  and  bums  in 
the  air  with  a  smell  of  Sulphurous  Acid, 

2.  "  If  gently  heated,  Hydrosulphuric  Acid  Gas  ex- 
hales from  it,  the  bisulphuret  loses  its  fluidity,  and  a 
residue  is  left  consisting  merely  of  Sulphur, 

a.  **  It  combines  with  alkalis  and  earths/ 
Its  constitution  has  been  already  described* 
(405.)  The  combinations  of  this  substance  with 
alkalis  and  eartlis  might  be  called  HydroKulphurets,  or 
Hydrosulphites,  according  as  we  deemed  the  substance 
ilaetf  an  Acid  or  not ;  but  unfortunately  tlie  former  term 
has  been  by  some  applied  to  the  true  Hydrosulphates, 
It!  some  Treatises  the  combinaliuns  now  before  us  are 
called  Hydrogu retted  Sulphurets.  a  terra  we  cannot 
employ  consistently  with  our  plan. 

The  Hydrmulphitrets  then,  or  Hydrosulphiles,  arc 
••  formed  by  boiling  along  witb  a  sufficient  quantity  of 
water,  the  alkidirjc  or  eariliy  base,  with  Flowers  of  Sul- 
phur Thus  a  solylion  of  pure  potassa,  pure  sotfa,  or 
of  baryta,  or  sirontia,  tU'iy  be  changed  into  a  Hydrosul- 
phuret. 

"  Another  method  of  forming  by  a  very  sFrnple  pro- 
cess the    Hyd'-Dsutplmrets    consists  in  digebting  in  a 


gentle  heat  a  Hydrosulphate  with  powdered  Sulphur, 
an  additional  portion  of  which  is  dissolved,  while  part 
of  the  Hydrosuipimric  Acid  Gas  escapes, 

**  Hydrosuiphurets  have  the  following  properties. 

L  **  They  have  a  deep  greenish  yellow  colour,  an 
acrid  and  intensely  bitter  taste»  and  an  excessively 
offensive  smelL 

2,  **  They  deposit  Sulphur  when  kept  in  close  vessels, 
become  mucli  more  transparent  and  lighter  colouredt 
and  less  oflensive  to  the  smelL 

3,  ''They  rapidly  absorb  oxygen  from  the  atmosphere 
and  from  oxygen  Gas,  Hence  their  employment  in 
Eudiometry, 

4,  **  On  the  addition  of  dilute  Sulphuric,  or  Hydro- 
chloric, or  of  certain  oiher  Acids,  they  are  decomposed, 
Hydro*Hulphuric  Acid  Gas  is  evolved,  and  Sulphur  is 
precipitated. 

5,  **  Whcji  boiled  in  contact  with  filings  of  silverj  of 
of  copper,  and  of  (hose  metals  only*  Vauquelin  found 
that  they  lose  their  excess  of  Sulphur,  and  become 
Hydrosulphates*" 

liydrositlphuric  Acid,  {Sulphuretted  Hydrogen*} 

(406,)  This  Gas,  though  known  before,  was  first 
examined  willi  care  by  Scheele  about  1777,  It  is  fre* 
qnently  produced  during  the  spontaneous  decomposi- 
tion of  organic  substances,  and  from  the  receptacles 
for  cxcrementitinus  matters.  Also  as  an  element  in 
numerous  mineral  waters,  such  as  those  of  Borrages, 
Schinznach,  Harrow  gate,  &c. 

For  Chemical  purposes,  it  is  most  readily  procured 
by  heating  powdered  sulphuret  of  antimony  in  a  retort 
with  four  or  five  times  its  weight  of  strong  muriatic 
Acid.  Or  a  protosulphuret  of  iron  may  be  made  by 
placing  a  mixture  of  two  parts  of  iron  filings  and  one 
part  of  sulphur  in  a  common  earthen  or  iron  crucible, 
well  closed,  and  then  ginng  it  a  low  red  heat.  The 
sulphuret  thus  formed  may  be  pulverized  when  cold» 
and  acted  upon  by  muriatic  Acid  diluted  with  thrice  its 
weight  of  water. 

Hydrosulphuric  Acid  Gas  consists  of  one  atom  of 
each  of  its  elements,  occupying  the  same  volume  as 
the  hydrogen  of  which  it  is  formed.  This  Gas  is  with- 
out colour,  but  hilly  a  very  peculiar  and  disagreeable 
taste  and  odimr,  similar  to  that  of  rotten  effg«.  At  50^ 
Fahrenheit  it  may  be  reduced  to  a  Lii]uid  by  a  pressure 
of  seventeen  atmnspheres.  It  extinguishes  all  burning 
bodies,  but  when  ignited  burns  with  a  pale  bhie  flame. 
It  detonates  by  the  electric  spark  when  mixed  with 
oxygen.  This  Gas  has  decidedly  acid  properties,  as 
it  reddens  litmus -paper,  and  may  be  made  to  neu- 
tralise alkahne  bases*  Chloritje  and  iodine  decom- 
pose it,  separating  the  sulphur  and  producing  hydro- 
chloric or  hydriodic  Acid.  An  atmosphere  in  which 
this  Gas  abounds  may  be  purified  by  chlorine  in  a  very 
few  minutes.  Hydrosulphuric  Acid  produces  very 
marked  elfects  upon  metals  and  metallic  oxides.  The 
sulphur  entering  into  combination  tarnishes  gold  and 
silver  readily.  White  paint  is  immediately  discoloured 
for  a  like  reason.  The  most  delicate  test  of  the  pre- 
sence of  Sulphuretted  Hydrogen  is  to  paint  a  piece  of 
paper  with  flake  white,  (carbonated  oxide  of  lead.)  This 
IS  instantly  coloured  by  Hydrosulphuric  Acid  Gas,  even 
when,  according  to  Dr,  Henry,  only  alwenty-ihousaudlh 
part  of  the  volume  of  air  consists  of  this  Gas.  Hydro- 
sulphuric Acid  Gas  is  one  of  the  most  deleterious  that 
can  be  respired.     Dupuytren  and  Thenard  found  that 
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Cherabtjy,  air  contaimng  1-1 500th    part    instantly   deistroyed   a 
'  Bmall  bird ;  1 -800th  killed  a  dog ;  and  1-I50th  destroyed 
a  horse*  (r.) 

(401.)  The  hydrotuipkaieSt  *a»  the  name  implies* 
consijst  of  combinations  of  Hydro  sulphuric  Acid  (sul- 
phuretted hydrogen)  with  bases. 

This  Acid  combines  with  bases  from  the  second  class 
of  metals,  and,  perhaps,  also  with  g^lycynea  and  ythrin; 
with  oxide  of  zinc,  with  the  protoxides  of  manganese 
and  iron,  the  oxides  of  tin,  and  the  protoxide  of  anti- 
mooy.  With  the  oxides  of  the  last  four  classes,  no 
fluch  union  is  formed,  for  the  oxide?*  themselves  are 
decomposed  and  sulphnrets  protkicecl  The  alkaline 
and  earthy  hydrosulphates  are  soluble  in  water,  are 
colourless,  and  have  a  sharp  and  rongh  taste.  The 
rest,  which  are  insoluble,  have  neither  scent  nor  taste; 
and  three  only,  viz,  those  of  iron,  atilimony»  and  tin, 
are  coloured.  All  Acid*«  except  the  carbonic  decom- 
pose the  hydrosulphates,  by  setting  the  Acid  Gas  free. 

The  hydrosulphates  of  potash,  soda,  barytes,  strontia, 
lime,  and  magnesia  are  prepared  by  passing  a  current 
of  the  Gas  through  these  substances  dissolved  or 
snspeUded  in  water  by  means  of  a  Wtmlfe's  bottle.  The 
insoluble  hydrosulphates  are  ahlalned  by  double  decom- 
position. 

The  great  and  constant  ntility  of  the  hydrosulphates 
as  tests  of  metallic  substances,  will  iiulnce  ns  to  give 
a  table  of  these  iiidicalions.     See  Part  V.  Table  V. 

(408.)  On  the  whole  then  it  appears,  that  sulphur, 
Ilydrosnlphnrous  Acid,  (hydroguret  of  snlphur.of  some,) 
and  llydrosnlphuric  Arid  (sulphuretted  hydrogen  of 
some)  will  all  unite  with  metats  and  their  oxides.  In 
the  first  case,  the  result  is  a  sulphuret ;  in  t!ie  second. 
It  is  a  hydrosulphite,  or,  as  we  might  call  it,  a  Hydro- 
sulphuret;  (hydrogurretted  sulphuret  of  some;)  and  in 
the  last  it  is  a  hydrosulphate  (hydrosulp buret  of  some,) 
Tlie  sulphurets  can  only  continue  stable  in  a  dry  stale, 
for  so  soon  as  they  begin  to  dissolve  in  water,  that 
Fluid  i'i  decomposed,  HydrosulphuricAcid  Gas  is  formed 
and  evolved,  while  Hydrosulphurons  Acid  being  also 
formed  unites  with  the  base*  {t,) 
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§  7. — Sclenion^ 

(409.)    A.  Messrs.   Gahn,  Eggcrtz,  and  Berzdi^l 

are  the  proprietors  of  a  manufactory  of  sulphuric  Acitl  I 
from  the  sulphur  obtained  in  the  copper-mine  ofF^J 
lun,  in  Sweden.  In  examining^  in  1817,  the  browij 
residuum  or  sediment  on  the  floor  of  a  leaden  chambcf  | 
in  which  the  sulphur  is  burned,  Berzelius  found  thatt 
substance,  besides  containing  sulphur  and  other  iropa 
ties,  consisted  in  part  of  a  peculiar  substance,  i  ' 
proved  to  be  a  simple  body  heretofore  unknown. 
considers  it  a  metal,  and  named  it  Selenium^  from  fftX^r 
the  moon,  In  consequence  of  its  properties  greaUy  I 
sembling  those  of  tellurium.  In  describing  these  | 
perties,  we  are  inclined  lo  think  that  many  will  i 
with  us  in  removing  it  from  the  rank  of  a  inetal»  i 
placing  it  among  the  combustible  nonmetallic  ele 
in  which  we  follow  the  plan  of  Thomson  and  The 
Seleniou  has  hitherto  been  found  principally  in  tw»l 
minerals^  the  seleniuret  of  copper,  and  euk&irite.  il 
seleniuret  of  silver  and  copper,  discovered  by  M,  Bef^l 
Zelius  in  the  abandoned  copper-mine  at  Skrickerum,  ii] 
the  parish  of  Try  serum,  in  Smoland.  The  pyrjtet  i 
Fahlun  also  contain  it,  and  it  has  subsequently  I 
recognised  with  sulphur  in  the  volcanic  districts  of 
Ilaly. 

(4  to.)  B.  The  residuary  powder  which  contalm^ 
Selenion  has  also  an  admixture  of  several  other  fiib> 
stances ;  w.  sulphur,  mercury,  lead,  tin,  iron,  coppcr« 
zinc,  and  arsenic.  For  the  complete  process  of  sept- 
ration,  which  ts  very  complex,  we  must  refer  to  the  od- 
ginal  Memoir  of  Berzelius,  (a.)  The  folio wfng  ait  iti 
principal  features.  The  reddish  brown  powder  tS 
digested  in  nitro-munalic  Acid  to  acidify  th«  Seleaioo. 
Water  is  then  to  be  copiously  added,  and  the  Liqcud  fil- 
tered. To  this  clear  solution,  which  conlains  the  Seleoic 
Acid,  together  with  some  other  substances,  a  solotioii 
of  murinte  of  ammonia  is  then  added  in  eicetSi  If 
which  the  Selenion  is  thrown  down  pure  in  o  puheni* 
lent  state,  nnd  is  to  be  well  washed  with  water,  Um 
dried  and  carefully  fused. 

(411.)  C.  Selenion  is  at  ordinary  temperaturH  t 
solidi  tasteless,  and  scentless  substance,  of  a  de 
colate  brown  colour  with  a  sort  of  metallic  lo 
is  brittle,  has  a  cone  ho  id  al  fracture  producing 
coloured  surface.  The  powder  is  of  a  deep  red  i 
and  thin  fragments  transmit  the  red  rays  of  light 
may  be  scratched  with  a  knife.  Selenion  does 
readily  crystallize,  but  the  forms  it  is  supposed 
assume  are  those  of  a  cube,  and  a  quadrangutar  priss 
with  a  pyramidal  summit. 

It  is  a  very  bad  conductor  of  heat,  and  is  a  aoneoci* 
ductor  of  electricity,  which  seems  a  strong 
against  its  being  a  metal ;  and  yet,  on  the  other  I 
Berzelius  was  not  able  to  produce  electric  exc 
in  it  by  friction.  Upon  being  heated  Selenion  i 
at  212^  it  becomes  semifluid,  and  is  quite  liquid  alS 
Fahrenheit,  It  may  be  kneaded  between  tht  fingfB 
and  dniwn  out  into  threads  like  sealing*was.  FiW 
ments  so  produced  are  red  by  transmitted  light,  tni 
their  reflected  light  is  grey.  In  a  retort,  Selenion  boik 
at  a  heat  below  redness,  and  its  vapour  is  a  vfHot't 
deeper  in  colour  than  chlorine  Gas,  but  not  so  deep  tf 
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flic  vapour  of  sulphuT*  This  vapour  condenses  in  the 
i**^  ne<:k  of  the  retort  in  black  drops,  similar  to  tiiose  pro* 
duced  in  the  distillation  of  mercury.  But  when  this 
substance  is  heate<l  in  larg'e  vessels,  or  in  the  open 
air»  the  condensed  vapour  actually  becomes  a  fine 
powder  of  its  appropriate  red  colour:  a  formation 
analogoos  to  the  Flowers  of  sulphur.  Selenion  when 
heated  dissolves  in  the  fat  oils,  in  lard,  and  in  wax, 
bat  is  not  soluble  in  the  essential  oils. 

(412.)  D.  Selenion  has  no  action  on  oxygfen  Gas 
without  the  aid  of  heat ;  but  by  the  help  of  that  agent 
It  may  he  made  to  combine  with  oxygt^n  in  two  pro- 
]x>rtions.  Fill  a  balloon  with  ox^'gen  Gas,  and  put  into 
It  A  small  piece  of  Selenion,  allowing  the  balloon  to 
communicate  with  a  gasometer  of  oxygen  Gas  by  a 
lube.  Then  apply  a  gentle  heat  to  the  malrass.  If 
the  balloon  be  only  about  an  inch  in  diameter,  the  Sele- 
nion will  inflame  the  moment  it  enters  into  ebullition, 
and  will  burn  with  a  feeble  Hame,  white  at  its  base, 
and  greenish  at  its  apex.  By  this  combustion  Seknic 
jicid  ts  produced,  which  sublimes  and  is  condensed  in 
B  white  powder,  while  the  Seienion  totally  disappears. 
Vide  subsect.  1 . 

But  if  this  experiment  be  made  in  a  large  balloon 
liolding  some  pints,  the  Selenion  does  not  lake  fire, 
l>ut  unites  all  at  once  with  the  oxygen ;  and  in  this  case, 
instead  of  the  Acid  there  is  an  oxide  of  Selenion  formed 
^hich  is  Gaseous,  and  has  the  smell  of  decayed  cab- 
bage, or  horse- radistu  Berzelius  attributes  this  va- 
Yiety  of  action  to  the  pressure  existing  in  the  small 
Tessel,  which  does  not  suffer  the  dispersion  and  volati- 
IfzBtton  of  the  oxide  as  in  the  more  roomy  cue-  The 
Gaseous  oxide  of  Selenion  is  colourless ;  does  not  affect 
Tegelable  colours ;  is  very  slightly  absorbable  by  water, 
Imt  communicates  to  it  its  own  peculiar  odour ;  does 
not  unite  with  alkalis*  Berzelius  thinks  that  it  can 
only  exist  as  a  Gas. 

>(413.)  E.  Berzelius  placed  Selenion  in  a  glass  tube, 
fmd  passed  a  current  of  chlorine  through  the  tube  as 
loti|f  as  the  Selenion  continued  to  absorb  any  of  the 
Gas.  The  chloride  so  formed  was  at  first  a  Liquid, 
but  gradually  became  a  white  Solid,  as  it  approached 
the  point  of  saturation.  It  contracts  slightly  by 
beat  hut  does  not  melt,  and  then  sublimes  in  the 
Ibnn  of  a  yeliow  vapour,  condensing  on  any  cool  part 
of  the  apparatus  in  small  white  crystals.  It  dissolves 
in  water  with  slight  etfervescence,  and  the  seJenic 
axid  hydrochloric  Acids  are  found  mixed  witli  the 
^  water. 

■       (414.)  F.  G.  Unexamined. 

"  (415.)  H.  Selenion  has  been  combined  with  hydro* 
gcu*  phosphorus,  and  sulphur.  Hy  the  first  hydrO' 
Mefenic  Avid  is  produced.  See  subsect.  2.  By  dropping- 
Selenion  into  melted  phosphorus  it  rapidly  dissolves, 
forTOing  at  the  same  time  a  compound  which  sinks  in 
red  streaks  passing  through  the  phosphorus.  But  these 
too  substances  will  unite  in  any  proportion  by  fusion. 
Berzelius,   however*  supposed  that  he  obtained  a  defi- 

Pnite  phosphuret  of  Selenium,  and  he  found  that  by 
digesting  this  phosphuret  in  water  the  water  was  de- 
composed, hydroselenic  Acid  Gas  was  evolved,  and 
some  Selenium  precipitated. 

Sulphuret  of  Selenium  is  formed  bypassing  hydro* 
milphuric  Acid  Gas  throosjh  an  aqueous  solution  of 
aelenic  Acid.  Tlie  Liquid  becomes  turbid  nnd  yellow  ; 
and  the  addition  of  a  little  hydrochloric  Acid  causes  the 
Milphuret  of  Selenion  to  fall   down  as  a  deep  orange- 


coloured  powder.  This  sulphuret  softens  at  212*' 
Fahrenheit,  and  liquefies  by  a  few  de^rrees  further  ae» 
cession  of  temperature.  It  may  be  boiled  and  distilled 
over.  The  portion  so  distilled  is  transparent,  of  a  red- 
dish orange  colour,  resembling  melted  oipiment.  It  is 
not  acidifiable  by  nitric  Acid,  but  is  more  powerfully 
affected  by  the  nitro-murialic.  It  is  soluble  in  caustic 
fixed  alkalis,  and  in  the  hydrosulphurets,  but  again 
precipitablc  by  Acids  as  a  sulphuret  of  Selenion. 

The  relations  of  Selenion  with  carbon,  boron,  and 
silicon  have  not  been  investigated ;  but  with  the  first  of 
these  substances  Berzelius  thinks  it  may  form  a  sub- 
stance analogous  to  the  sulphuret  of  carbon* 

(416.)  I.  We  are  at  present  acquainted  with  fifteen 
metallic  seleniurets,  and  for  this  knowledge  we  are 
indebted  to  Berzelius.  These  seleniurets  are  of  po* 
tassium,  zinc,  iron,  tin,  arsenic,  antimony,  cobalt, 
bismuth,  copper,  lead,  telurium,  mercury,  silver, 
palladium,  and  platinum ;  and  it  is  probable  that  this 
substance  will  be  found  to  unite  with  all  other  metals 
on  trial. 

The  metallic  seleniurets  seem  to  be  subject  to  the 
some  Chemical  laws  with  the  metallic  sulphurets.  They 
are  siniilarly  a0ected  by  air,  water,  oxygen  Gas,  and 
by  changes  of  temperature.  They  are  also  definite 
compounds,  and,  as  in  the  case  of  the  sulphurets,  it 
seems  probable  that  there  exists  more  than  one  dehnite 
compound  to  each  melaL 

The  best  process  for  obtaining  the  seleniurets  as 
definite  compounds  is  to  precipitate  their  metallic  solu- 
tions by  hydroselenic  Acid.  By  this  method  the  deuto- 
seleniurets  are  formed.  To  obtain  the  proto-seleniurets 
we  must  heat  the  metals  in  contact  with  Selenion,  and 
then  drive  otTthe  excess  of  the  latter  by  heat. 

(417,)  K.  The  nitric  and  hydrocldoric  Acids,  whea 
cold,  do  not  act  upon  Selenion,  but  with  the  aid  of  heat 
they  rapidly  convert  it  into  selenic  Acid. 

(418.)  L.  Selenion  is  most  easily  recognised  by  the 
very  disa^eeable  odour  of  decayed  horse-radish  which 
a  very  minute  quantity  produces  when  placed  in  the  ex- 
terior flame  of  the  blowpipe. 

(4 19.)  M,  The  rarity  of  Selenion  would  preclude  its 
application  to  tlie  Arts,  even  if  it  were  found  serviceablep 
Its  Medicinal  properties  arc  unknown  ;  but  the  fumes 
of  hydroselenic  Acid  inhaled  appear  to  be  extremely 
pernicious,  and  Berzelius  thinks  that  a  Tery  smalt  quan- 
tity would  prove  fatal  to  animal  life, 

SubtecL  h-^Selmic  Acid. 

(420.)  A,  B.  This  Acid  was  discovered  by  Berzelius, 
and  one  method  of  obtaining  it  has  been  already  de- 
scribed ;  (412.)  but  in  practice  it  is  found  more  con- 
venient to  add  one  part  of  selenion  lo  three  or  four 
parts  of  pure  nitric  Acid.  The  mixture  is  gradually 
raised  to  ebuUilion,  and  it  that  temperature  the  selenion 
rapidly  decomposes  the  nitric  Acid,  seizing  on  a  part 
of  its  oxygen.  When  all  the  selenion  is  dissolved,  it 
is  entirely  acidified :  the  solution  is  to  be  evaporated  to 
dryness  in  a  porcelain  capsule,  and  is  then  pure  Selenic 
Acid.  But  if  the  solution  be  only  concentrated  and  not 
evaporated,  the  Selenic  Acid  will,  upon  cooling,  crystaJ- 
iize  in  six-sided  prisms.  By  a  considerable  increase  of 
heat  this  Acid  parts  with  water,  and  lastly  rises  in  a 
yellow  vapour.  This  vapour  condenses  on  the  upper 
part  of  the  apparatus  in  long,  blender,  tetrahedral  prisms. 
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Cbettiirtjy*  (42L)  C.  Selenic  Acid  has  no  acent,  but  a  strongly 
^-^V**^  acid  taste,  and  reddens  vej^luble  blties*  It  is  vola- 
lilized  b'jt  not  decomposed  by  heat.  It  attracts  some 
iiioistiire  from  the  air,  but  does  not  actually  deliqtiesce. 
It  Is  very  soluble  in  cold  water,  and  still  more  so  in  hot 
water.  Alcohol  also  dissolves  it  readily.  Hot  wuter, 
which  has  been  saturated  with  it,  lets  tall  the  Acid  in 
«tnall  crystals*  if  rapidly  cooled,  hut  in  striated  prisms 
when  slowly  so. 

(4i2.)  D.  None. 

(423.)  E.  Selenic  Acid  is  capable  of  absorbing  chlo- 
rine. The  compound  so  formed  is  capable  of  decom- 
posinf^  water,  and  upon  this  decomposition  hydrochloric 
txnd  Selenic  Acids  are  found  in  the  solution. 

(424.)  F,  G.   Unexamined. 

(425.)  H.  Thenard  says,  **  It  is  probable  that  with 
the  aid  of  heat,  hydrogen,  boron>  carbon,  and  phos- 
phorus would  decompose  the  Selenic  Acid." 

(426.)  I*  The  same  able  Chemist  couMders  it  certain 
that  Ihe  metals  of  the  first  four  classes  will  decompose 
Selenic  Acid  at  a  hifrh  temperature,  and  stales  that  if 
the  Acid  be  dissolved  in  water,  and  then  a  little  hydro- 
chloric Atvd  be  added  to  the  solution,  a  plate  of  zinc  or 
iron  will  precipitate  the  sclenion  in  red,  brown ,  or 
dark-grey  flocculi. 

(427.)  K.  Selenic  Acid,  in  any  soUition»  is  easily  de- 
composed by  rendering  the  solution  slijjhtly  acid,  and 
then  adding  snlphile  of  ammonia.  The  sulphurous 
Acid  lakes  the  oxygen  and  becomes  sulphuric  Acid, 
and  the  sclenion  falls  down  as  a  dark  powder.  The 
Strong  fixed  Acids  drive  off  Selenic  Acid  from  bases  with 
which  it  may  be  combined. 

The  Selenic  Acid  unites  with  bases  in  more  propor- 
tions than  one  ;  but  for  these  Salts  we  must  refer  the 
reader  to  the  Memoirs  of  Berzelius,  or  to  Thenard, 
Traite  de  Chimir,  art.  877.  Bis. 

(428.)  L.  The  nitrates  of  silver  and  lead  are  the  most 
marked  tests  of  Selenic  Acid 

SuhecL  2, — Hydrosdenic  Add. 

(429  )  A.  Hydro  selenic  Acid  is»  as  the  name  implies, 
an  Acid  compounded  of  hy  Irogeu  aiul  sclenion,  analo- 
gous to  the  hydrosulphpric,  bydrindic,  hydrochloric,  &c. 
For  the  knowledge  of  this  proximate  element  we  have 
still  to  refer  to  the  experiments  of  Berzelius. 

(430.)  B.  The  best  process  for  obtaining  this  Acid 
in  the  Gaseous  state  is  to  act  upon  the  seleniuret  of 
iron  with  hydrochlimc  Acid  in  a  glass  proof  or  small 
retort ;  but  as  the  Gas  is  soluble  in  water,  it  must  be 
collected  over  mercury.  In  this  process,  water  is  de- 
composed»  protoxide  of  iron  is  formed,  which  combines 
with  the  hydrochloric  Acid,  and  Gaseous  Hydroselenic 
Acid  is  evolved.  M ■  Thenard^  however,  states  that  in 
this  process  another  Gas  is  also  formed,  which  is  neither 
soluble  in  water  nor  in  alkalis,  and  that,  therefore,  to 
obtain  the  Hydroselenic  Acid  quite  pure,  it  might  be 
advisable  to  employ  the  seleniuret  of  potassium* 

(431.)  C  This  Gas  is  colourless,  and  reddens' the 
tincture  of  turnsole.  Its  odour,  which  at  first  resembles 
that  of  hydrosulphuric  Acid  Gas,  shortly  changes  to  a 
sharp  astringent  sensation,  not  entirely  devoid  of  pain. 
The  eyes  become  red  and  inflamed,  and  all  sense  of 
smell  is  for  a  time  destroyed.  A  bubble  the  size  of  a 
small  pea  is  sufficient  to  produce  these  effects.  So  at 
least  M.  Berzelius  foynd»to  such  an  extent,  that  he  was 
able  to  apply  the  strongest  solution  of  ammonia  under 


his  nose,  and  did  not  recover  any  power  of  sensation  ial 
until  five  or  six  hours  had  elapsed.  At  the  same  lime  ' 
a  very  copious  deflujtion  from  the  mucous  membrane  of 
the  nostrils  came  on  and  continued  fit^eea  days*  Simi- 
lar, though  less  violent,  effects  took  place  on  subsequ 
occasions,  when  bubbles  no  larger  than  a  pin*B 
escaped  accidentally,  and  became  mitigled  with 
atmospheric  air.  These  were  not  all  the  ills  that  ] 
sorted  from  breathing  this  noxious  Gas  ;  for  even  ia  1 
mitigated  fonn  M.  Berzelius  perceived  the  approach] 
a  dry  fixed  cough,  which  came  on  in  half  an  hour,  i 
mained  a  long  time,  and  finally  was  accompanied  by  I 
expectoration,  giving  a  taste  precisely  like  that  of  1 
vaponrsof  a  boiling  solution  of  corrosive  sublimate,  i 
did  not  depart  until  he  had  applieti  a  blister  to  hi«c 
In  short,  this  admirable  Chemist  considers  this  the  i 
noxious  Gas  at  present  known.  Water  absorbs  i 
greater  proportion  of  this  Gas  than  of  the  hydrosulphu 
Acid  ;  but  even  when  it  holds  half  its  volume  ia 
tion,  the  water  lias  acquired  but  little  smelL 
Liquid  so  formed  causes  an  indelible  brown  mark  i 
the  human  skin,  and  is  itself  colourless  if  the  waterl 
quite  free  from  air  ;  but  if  left  exposed,  the  Hydro»rleitit 
Acid  is  decomposed,  and  the  Liiqiiid  becomes  luiW 
from  the  flocculi  of  selenion  that  present  tberaft^iei, 
Hence  it  is  apparent  why  a  solution  of  this  sort 
turbid  next  to  the  exposed  surface  first, 

(432)  D.  E.  F.  G,  H.  I,  Imperfectly  known. ' 
(433.)  K,  Nitric  Acid,  when  added  in  small  qu 
to  the  aqueous  solution  of  Hydroselenic  Acid, 
no  effects. 

(434.)  L,  The  aqueous  solution  of  Hydrosdenic  J 
causes  precipitates  in  almost  all  the  metallic  solo 
of  the  four  last  classes.  These  precipitates  ate  \mwt^ 
most  part  black  or  brown,  and  take  a  brilliant  meullk 
bistre  by  friction  with  polished  hsmatites,  l^oift 
however,  of  zinc,  manganese,  and  cerium  a«  to  bcf»- 
cepied ;  they  are  flesh-coloured,  and  are  supposcil  ^ 
be  hydroseleniurets  of  the  oxides,  wliile  theolbenaft 
metallic  seleniurets.  Consequently  HydroseUoic  Aod 
will  for  the  most  part  decompose  the  o rides  of  tbek* 
four  classes,  even  when  united  with  the  stfOBgtii  Aivit- 

References  to  \  7, 

(fl.)  BerKclius,  Atu  de  €h.  tt  Ph,   vol,  i%,  \ 
225.  33T.,  or  An.  Phil*  June,  Aug^ust,  October* 
ber,  1819,  and  June,  1820;  Rose,  An^deOudl 
vol,  xxix.  p.  113, 

5  B,— Nitrogen, 

(433.)  A.  This  Gas  was  first  discovered  in  lT7i  \ 
Professor  Rutherford  of  Edinburgh.     Schede  abj  I 
made  himself  acquainted    with    it  previous   to  ir 
Nitrogen   forms  a  very  considerable  proportion  rf  llij 
atmosphere  in  which  we  exist.    l*avoisier  called  it  i  ^~ 
from  its  not  having  the  power  of  supporting  animal  liJfe  I 

(436.)  B.  There  are  several   methods  emplojtfrf  ^j 
procuring  Nitrogen  Gas.  I 

L  Let  equal  weights  of  iron-filings  and  sulphur  It  j 
made  into  a  paste  with  water,  and  let  the  vessel  awf 
taining  this  paste  be  placed  on  a  stand  over  the  | 
malic  trough.     Invert  over  it  a  jar  of  comrooo  aifi  w  I 
let  it  stand  for  a  day  or  two.     One-fifth  of  the  *o*fl«^ 
of  the  air  will  disappear*  and  the  remaiader  k  Nitiqp 
Gas. 
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try.      8.  Phosphorus  burned  in  a  close  vessel  of  atmospheric 
^^  air  over  water  removes  the  oxygpen  and  leaves  the  Ni« 
tiofren.    The  residual  Gas  should  be  well  a^tated  with 
water  to  remove  the  phosphoric  Add  formed. 

8.  Nitrogen  may  also  be  obtained  by  putting  some 
lean  beef  into  a  glass  proof  with  very  dilute  nitric  Acid. 
A  heat  of  about  1000^  disengages  the  Gas,  which  must 
be  collected  over  water. 

4.  But  perhaps  the  most  speedy  way  of  obtaining  it 
is  to  pass  nitrous  Gas  copiously  through  a  solution  of 
protosulphate  of  iron.  An  ounce  or  two  of  this  solution 
is  then  to  be  put  into  a  phial,  which  must  be  closely 
eorked  or  stopped  with  the  thumb  and  well  shaken  ;  the 
phial  is  then  to  be  inverted  with  its  neck  in  another 
portion  of  the  solution  and  unstopped,  a  fresh  portion 
of  the  Liquid  will  enter  to  supply  the  absoqption  that  has 
taken  place.  By  a  few  repetitions  of  this  process  all 
the  oxygen  Gas  will  be  removed^  and  pure  Nitrogen 
will  remain. 

(437.)  It  has  been  supposed  by  very  able  Chemists, 
Davy  and  Berzelius  especially,  that  Nitrogen  is  a  com- 
pound body.  Berzelius  thus  reasons  on  theoretical 
grounds  chiefly :  and  Davy  from  a  very  curious  experi- 
ment made  with  the  Voltaic  pile.  Let  a  small  hole  be 
made  in  the  surface  of  a  lamp  of  muriate  of  ammonia, 
and  in  this  hole  place  a  globule  of  mercury.  Connect 
the  saline  mass  with  the  positive  pole  of  the  battery 
and  the  mercury  with  the  negative  pole ;  an  action  is 
immediately  perceived  in  the  metallic  globule,  its  volume 
becomes  enlarged,  and  more  solid  ramifications  are  per- 
oeptible  in  the  fluid  metal.  This  enlargement  some- 
limes  extends  to  ten  times  the  original  volume  of  the 
mercury.  When  completed,  the  amalgam  (if  such  it 
be)  is  of  the  consistency  of  butter.  It  soon,  however, 
tetums  to  its  original  state  by  the  formation  of  films  of 
■aline  matter  over  its  whole  surface.  The  best  experi- 
inentalists,  however,  could  only  obtain  mercury,  hydro- 
gan,  and  azote  from  the  amalgam  so  formed,  (a.) 

(488.)  D.  In  speaking  of  Nitrogen  with  reference 
to  oxygen,  we  are  first  called  upon  to  mention  the 
great  mass  of  our  atmosphere,  which  consists  almost 
entirely  of  these  two  Gases  :  but  from  the  importance 
of  this  agent  we  shall  consider  its  properties  apart  in 
•absect.  1. 

When  Nitrogen  and  oxygen  are  mixed  together,  no 
combination  takes  place.  But  when  either  of  the  ele- 
ments is  presented  to  the  other  in  a  state  of  condensa- 
tion, or  having  the  repulsive  force  of  its  molecules 
diminished  by  a  decrease  of  heat,  a  union  is  effected, 
and  the  nature  of  the  resulting  compound  is  dependent 
upon  the  respective  proportions  of  the  two  elements. 
Some  of  these  combinations  are  always  Gaseous,  others, 
though  in  themselves  Gaseous  also,  are  always  seen 
in  combination  with  so  much  of  the  elements  of  water 
na  to  be  Liquids. 

The  following  is  a  synoptic  view  of  the  compounds 
of  Nitrogen  and  oxygen  : 

Atoms  or  volames.  Weights. 

Nitrogeu.    Oxygen.  Nitrogen.      Oxygen. 

Nitrous  oxide ]     -j.     i  14     +      8 

Nitric  oxide l     -j-     2  14     +     16 

Hyponitrous  Acid . .      1     -f-    3  14    +    24 

Nitrous  Acid 1     +     4  14     +     82 

Nitric  Acid 1     +     &  14    +    ^0 

These  substances  will  be  noticed  in  subsects.  2,  8,  4, 
&,  and  6. 

(439.)  E.  Chlorine  and  Nitrogen,  when  pkced  ia 
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contact,  have  no  mutual  action  on  each  other*  provided 
that  both  Gases  are  perfectly  dry.  A  compound  of 
these  Gases  may,  however,  be  produced  by  passing  a 
current  of  chlorine  Gas  through  a  solution  of  any  am- 
moniacal  Salt  The  most  convenient  process  for  form- 
ing the  chloride  of  Nitrogen,  (to  which  the  name  of 
Axotane  has  been  sometimes  given,)  is  to  fill  a  clean 
glass  basin  with  a  solution  of  muriate  or  nitrate  of  am  • 
monia,  containing  about  one  part  of  the  Salt  dissolved 
in  twelve  parts  of  water,  at  80^  or  90^  Fahrenheit 
Over  this  solution  let  a  tall  jar  of  chlorine  Gas  be  in- 
verted. The  Gas  is  gradually  absorbed,  and  a  film  of 
an  oil-like  substance  forms  on  the  surface  of  the  Liquid^ 
and  when  a  drop  of  sufficient  size  is  collected,  it  sinks 
down  to  the  bottom  of  the  basin.  The  best  way  of 
removing  a  globule  of  this  chloride  of  Nitrogen  for  any 
purpose  of  examination,  is  by  a  syringe  made  of  a  piece 
of  glass  tube,  with  a  piston  of  tow  wrapped  round  a 
wire. 

Scarcely  any  known  substance  requires  such  care  in 
its  management  as  this  Fluid,  for  it  is  the  most  violently 
detonating  body  known.  It  is  not  safe  to  make  experi- 
ments on  more  than  a  single  small  globule  not  larger  than 
a  grain  of  mustard  seed.  M.  Dulong,  who  discovered  it 
received  a  severe  injury  on  the  occasion ;  (6.)  and  Sir 
H.  Davy  did  not  fare  better  in  repeating  l^ulong^s  expe- 
riments, (c.)  A  heat  something  below  212^  Fahrenheit 
causes  it  to  explode ;  also  the  contact  of  oil,  phospho- 
rus, and  numerous  other  bodies  ;  but  the  metals,  dco- 
hol,  resins,  sugar,  or  camphor,  do  not  cause  its  explo- 
sion. Its  Specific  Gravity  =  1.6&8,  and  it  is  sup- 
posed to  contain  Nitrogen  one  atom  -f  chlorine  four 
atoms.  (J.) 

(440.)  F.  Unknown. 

(441.)  G.  Iodine  and  Nitrogen  do  not  unite  by  mere 
contact ;  but  when  iodine  is  placed  in  a  solution  of  am- 
monia in  water,  a  brownish  black  iodide  of  Nitrogen  is 
formed.  This  compound,  like  the  chloride  of  Nitrogen, 
evaporates  spontaneously  in  the  open  air,  and  detonates 
violently  when  heated  or  touched. 

(442.)  Of  these  substances,  hydrogen  and  carbon 
unite  with  Nitrogen,  the  former  producing  oMnmomat 
see  subsect  7 ;  the  latter  producing  cyanogen^  see 
subsect.  8. 

(443.)  I.  Of  the  metals  it  would  seem  that  potassium 
and  sodium  may  be  considered  as  uniting  in  some  man- 
ner with  Nitrogen. 

(444.)  K.  None. 

(445.)  L.  Nitrogen  is  best  recognised  by  its  negative 
properties  when  in  the  Gaseous  state :  that  it  is  not 
combustible,  nor  does  it  support  combustion. 

(446.)  M.  None. 

Snbteci  1. — The  Atmosphere. 

(447.)  '*The  Atmosphere  is  a  collection  of  elastic 
Fluids,  retained  on  the  surface  of  the  Earth  by  their  gra* 
vitation.  Its  weight  was  first  ascertained  by  Galileo, 
and  applied  by  Toricelli  to  explain  the  rise  of  w.ater  in 
pumps,  and  of  mercury  in  barometrical  tubes ;  and  by 
Pascal  to  the  mensuration  of  the  heights  of  mountains. 
At  the  level  of  the  Ocean  it  is  adequate  to  sustain  a 
column  of  water  having  the  altitude  of  34  feet  or 
one  of  mercury  of  the  height  of  80  inches^  and  il 
presses  with  the  weight  of  about  lb  pounds  on  every 
square  inch  of  surface.  As  we  ascend,  the  Atmoaphere 
decreases  in  density  in  a  Geometrical  proportion  to 
4u 
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ChrmwtTy.  equhl  Qscentg*  Thus,  at  three  miles  in  height,  the 
'^^-v'^*^  density  of  the  Atmosphere  is  one-half  what  it  is  at  the 
Earth's  surfuce,  or  equal  to  a  column  of  I  &  indies  of 
mercury;  at  six  miles,  the  barometer  would  stand  at 
one-fourth  the  usual  height,  or  at  7  J  inches ;  at  nine  miles 
of  elevation,  at  3J  inches;  and  at  15  miles  nearly  at 
one  inch.  Hence  the  j^reatest  part  of  the  Almos|ihere 
is  always  within  15  or  20  miles  of  the  Earth's  surface  ; 
thfiupfh  from  the  refraction  olf  the  Sun*s  liurht,  it  may  be 
inferred  to  extend  from  40  to  4 &  miles  in  heiij^ht.  Be- 
yond the  former  limit  it  appears  hi^fhly  probable,  indeed, 
from  the  recent  observations  of  Dr.  Wollaston»  (PAi^. 
Tram.  IS-i*?,)  that  our  Atmosphere  does  not  reach  at 
all ;  the  force  of  Gravity  downward^;,  upon  a  sinfifle 
particle,  beinp;  there  equal  to  the  resistance  arising  from 
the  repulsive  force  of  the  medium.  We  have  no  evi- 
dence»  then,  of  ihe  existence  of  similar  matter  round 
any  other  Planet ;  and,  on  the  contrar}\  it  has  been 
ascertained  by  the  observations  of  Captain  Kater,  that 
no  retardation  of  the  motion  of  Venus  can  be  per- 
ceived in  her  prog^ress  towards  the  Sirn,  as  would 
happen  if  the  latter  were  encompassed  by  a  refracting" 
Atmosphere.  The  approach »  also,  of  Jupiter's  Satellites 
lo  the  body  of  llmt  Planet  is  nniformly  repilar,  till  they 
appear  in  actual  contact,  showings  ttiat  there  is  not  that 
extent  of  Atmosphere,  which  J u] liter  should  attract  to 
himself  from  an  infinitely  divisible  medium  fillinf^  all 
space.  These  obi»e nations  are  favourable,  as  Dr.  Wol- 
la-stou  remarks,  to  the  existence  of  parti  el  es  of  matter 
no  longer  divisible,  for  if  an  elastic  Fluid  like  our  At- 
mosphere consist  of  such  particles,  \vc  can  scarcely 
doubt  that  all  other  bodies  are  similarly  constituted; 
and  may,  witkoul  hesitation,  conclude  that  those  ecjui- 
valeut  quantities,  which  we  have  learned  to  appreciate 
by  proportional  numbers,  do  really  express  the  relative 
weights  of  elementary  atoms^  the  ultimate  objects  of 
Chemical  research, 

**  The  great  body  of  air  constituting^  our  Atraosphere 
m  m  a  state  of  constant  motion,  not  only  from  itsaccom- 
panyin[f  the  Earth  In  its  rofaticm  round  its  axis,  but  it 
flows  also  from  the  Equator  towartis  the  Poles,  and 
contrariwise.  Over  the  torrid  zones  the  air  is  expanded 
by  heat,  and  acquires  a  tendency  to  ascend,  while  the 
air  from  the  temperate  and  frig'id  zones  presses  for- 
ward to  supply  the  vacancy.  In  the  torrid  zones,  the 
upper  regiouii  of  the  Atmosphere  meet  with  less  lateral 
pressure  than  is  necessary  to  support  them,  and  the  ajr» 
therefore,  overflows  in  both  directions,  so  that  currents 
Northward  and  Southward  are  established  for  support- 
ing a  temperature  on  the  Earth's  surface,  approaching 
much  more  nearly  lo  uniformity,  than  it  could  have  been 
without  such  a  provision  of  nature/'  Henry,  Chemistry, 
vol.  i.  p  287. 

(446.)  We  may  state  in  general  terras  that  the  mass 
of  tbe  Atmosphere  consists  of 

By  weight.        By  measure. 

Nitrogen  Gas 77,50  75.55 

Oxygen  Gas 2  LOO  23.32 

Aqueous  vapour* .. .     1.42  1.03 

Carbonic  Acid 0.08  O^IQ 

'  100.  100. 

A  small  quantity  of  roiiriatic  Acid  is  found  in  the 

air  which  is  in  contact  with  the  sea  ;  and  the  aqueous 
vapour  is  of  course  variable  according  to  the  tempera- 
ture ;  but  in  other  respects,  a  most  singidarand  striking 
uniformity  of  composition  has  been  found  to  pervade  all 


the  air  hitherto  examined,  whatsoever  may  have  bcei 
the  altitude  from  which  it  has  been  taken. 

A  pressure  of  30  inches  ot  mercury  is  supported 
the  ingredients  already  named  in  the  following  propori 
tion,  supposing  each  to  act  independently  of  the 

Nitrogen  Gas. .....    23.35  inches. 

Oxygen  Gas  .,.*..      6.18  ditto. 
Aqueous  Vapour  ...      0.44   ditto. 
Carbonic  Acid  Gas  .     0.02  ditto- 
Two  opinions  exist  as  to  the  mode   in  which   theie 
Gases  exist  tog:ether  in  the  Atmosphere.     The  one  t 
they  are  all  in  Chemical  combination  with  each  otberf 
and   the  other  opinion  is,  that  no    such   combinat' 
takes  place,  but  that  the  Atmosphere  is  merely  a  t 
chanical  mixture  of  its  ingredients.     The  latUsf  opii 
is  ably  supported  by  Mr.  Dalton.  (d.) 

It  is  owiug^  to  the  oxygen  Gas  in  the  Atmofphe 
that   it  supports  respiration  arid  combustion.     Wb 
rarefied,  the  air  does  not  so  readily  afibrd  the  food  that  ^ 
is  necessary  lor  burning  bodies;  and  this  seems  to  de- 
pend upon  a  want  of  condensation  of  that  heat  «ydi 
is  requisite  for  keeping  up  the  combustion.     Thoo^Sl 
appears  from  Davy's  experiments,  that  artificial 
salion  does  not  render  it  better  fitted  for  that  pur 

(449.)  The  weight  of  100  cubic  inches  of  At 
air  at  thermometer  60'^  Fahrenheit,  and    b 
in.  was  said  by  Mr.  Kirwan  to  be  30,92  grain 
Sir  H.  Davy  stales  it  at  bb^  Fahrenheit,  31. 
Sir  George  Shuckburgh  at  30.5  grains*  which  if  1 
estimate  generally  admitted*    But  Mr.  Brandeobtainci 
by  experiment  30.19!*  grains.     Dr.  Prout,  whose  accu- 
racy and  caution  give  his  opinions  a  very  great  ^ 
is  disposed  to  think  that  even  Sir  G.   Shuek' 
estimate  is  below  the  truth  ;  and  from  him,  if 
one   living,  we  may  look  for  a  full  and  satisfactoiy  i 
vestigiition  of  this  most  important  element  in  man;  i 
our  calculaiious* 

(450.)  The  determination  of  the  quanliiy  of  i 
Gas   existing   in  a  given   portion   of  Atmosphcfic  i 
was  early  considered  lo  he  the  &ame  thing  as  asctrti 
ing   the  purity    of  the  air  for   respiration,   &c.;  tf» 
hence  it  obtained  the  name  of  Eudiomttry,    l«^  *»•* 

^eV/Joi/.)  ^      ^ 

Lavoisier  exposed  a  quantity  of  mercury  to  Iwatitt* 
retort  which  communicated  with  a  jar  of  K%moes^^iem 
air;  it  will  be  obvious  that  the  oxygen  was  remoro, 
and  the  residuary  Gas  was  nitrogen. 

Berthollet  employed  a  cylinder  of  phosphorui  rt* 
posed  to  a  known  quantity  of  Atmospheric  air  confiaed 
in  a  tube  over  water.  By  tlie  slow  combusUoo  of  the 
phosphorus  the  oxygen  was  abstracted.  A  vapour 
of  phosphorus,  however,  remains,  forming  the  ^S**^ 
of  the  residuary  Gas,  for  which  allowance  inaj  ^ 
made.  (€.)  Seguin  adopted  the  rapid  couibustkni  u^ 
phosphorus  on  similar  principles.  Several  cadi€«»^ 
trical  instruments  have  been  constructed  for  the  p<n* 
pose  of  exposing  a  given  volume  of  Alroospberic  air  l» 
any  hquid  capable  of  absorbing  and  removiof  »ti 
oxygen-  Such  areGuyton's^  C/)  Hope's,  (f.)  H«niy^ 
(k.}  and  Pepy's  eudiometer,  (i.)  The  Liquid  eniptojw 
is  either  sulphurel  of  potash,  sulphurct  of  lime,  M» 
solution  of  sulphate  of  iron,  saturated  wiib  nitiwi 
Gas.  But  of  all  eudiometers  that  of  Volta  ist  pwtep^ 
the  most  satisfactory.  It,  with  other  instminefiti  «* 
the  same  sort,  is  described  in  our  introductory  Ch 
on  Apparatus, 
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Chemistry.  ^^^^  ^|,g  j^^^^  water  of  nitre*     It  was  afterwards  dmo- 
^^^T~^'  nit  no  ted  aqua  fortU^  and  spirit  of  nitre*     The  name 
Tiifrk  Acid  was  first  given  it  iu  1787  by  the  French 
Chemists/'  (Thomson.) 

The  direct  synthetic  formation  of  nitric  Acid  was  first 
produced  by  Mr,  Cavendish.  It  consists  in  passincr  a 
continuous  current  of  electric  sparks  through  a  mix- 
ture of  nitrogen  and  oxygen  Gases,  {L)  Til  is  Acid 
is,  however,  monnfactured  by  diytilling  a  mixture  of 
snlphurlc  x\cid  and  nitre.  Tlic  Gaseous  product  is 
conducted  into  a  vessel  containing  water,  which  being 
absorbed  produces  liquid  nitric  Acid.  (w\)  Nitric  Acid 
Gas  consists  of  five  atoms  of  oxygen  +  one  atom  of 
nitrogen,  but  the  strongest  Hqnid  Acid  that  can  be 
obtained  consists  of  Ihe  Acid  Gas  one  atom  +  water  one 
atom.  It  is  frequenlly  a  matter  of  great  convenience  to 
know  ihe  quantity  of  real  Acid  contained  in  solutions  of 
given  density*  We  have,  therefore,  inserted  Table  VI. 
in  Part  V,  by  Dr.  Ure,  as  the  most  extensive  with  which 
we  are  acquainted  for  that  purpose.  The  Acid  which 
Professor  Thomson  supposes  to  contain  one  atom  of 
water  to  one  atom  of  dry  Nitric  Acid  Gas  should 
have  a  Specific  Gravity^  1.55,  but  that  which  he  ob- 
tained equalled  only  1.534.  Tlie  Table,  however, 
deduced  from  his  experiments  (i?.)  will  be  found  Part 
V.  No.VIL 

The  most  stuble  combinalion  of  ibis  Gas  with  water^ 
forming  a  liquid  Acid  that  may  be  distilled  over,  has  Spe- 
>  cific  Gravity  ^  L4 537,  and  contains  probably  fonr  atoms 

of  water  to  one  of  real  Acid.  It  boils  at  248°  Fahrenheit, 
The  density  at  which  nitric  Acid  most  readily  freezes, 
is,  according  to  Mr.  Cavendish,  that  of  Specific  Gravity 
1,3,  requiring  a  temperature  of  --  2°  Fahrenheit,  Two 
parts  of  Acid  rapidly  mixed  with  one  part  of  water,  both 
at  &8°  Fahrenheit,  produce  an  elevation  of  temperuture 
equal  to  120^  Fahrenheit.  And  fifty -eight  parts  by 
weight  of  Acid,  Specific  Gravity  1.50,  added  to  forty- 
two  parts  of  water,  both  at  60^  Fahrenheit,  are  raised 
to  200"*  Fahrenheit,  (uk) 

The  force  with  which  this  Acid  retains  its  oxygen 
is  not  very  considerable,  so  that  combustible  bodies 
readily  decompose  it :  hence  its  efieets  on  most  of  the 
metats»  Thus  also  hydrogen  decomposes  it  when  heated, 
and  produces  a  violent  explosion.  Essential  oils  pro- 
duce an  analogous  effect,  but  the  experiment  is  one 
requiring  great  caution. 

This  Acid  is  of  great  service  in  the  Arts  as  a  sol- 
vent of  metals;  and  it  has  been  employed  partially  in 
Medicine,  but  it  does  not  appear  to  possess  any  very 
specific  action  on  the  human  frame, 

NUro-Muriaiic  Acid. 

(459.)  For  the  sake  of  simplicity  we  retain  the  old 
name  for  this  Acid,  which  is  not,  in  fact,  to  be  consi- 
dered as  even  a  proximate  element,  bnt  only  a  com- 
pound frequenlly  employed  in  Chemical  researches.  It 
is  generally  farmed  by  mixing  two  parts  of  nitric  Acid 
with  one  of  hydrochloric  Acid  by  weight ;  or  even  by 
me  part  of  the  firmer  to  four  of  the  latter ;  a  variation 
which  abundantly  proves  either  that  the  proportions  are 
not. very  important,  or  that  the  rationale  of  the  effects 
produced  is  not  nndeiBtood.  The  latter  point  has  indeed 
been  partially  examined  by  Sir  H.  Davy,  (i'.)  He  **  tias 
rendered  it  probable  that  the  peculiar  properties  of  this 
Acid  are  owing  to  a  mutual  decomposition  of  Ihe  nitric 
and  muriatic  Acids,  the  oxygen  of  the  former  uniting 
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with  the  hydrog^en  of  the  latter,  in  consequence  of  vhich  | 
water,  chlorine,  and  nitrous  Acid  are  the  results.  For  ^ 
every  101  parts  by  weight  of  real  nitric  Acid  (eq«iv»ltat 
to  118  of  hydronitric  Acid)  which  are  decomposed,  6T 
parts  of  chlorine,  he  calculates^  are  produced.  Aooord 
ing  to  this  view,  it  is  not  correct  to  say  that  tiqua  rc^ 
(the  old  name  of  Nitro-Murlatic  Acid)  oxidates  gold 
orplatinnm,  since  it  merely  causes  ^eir  comlitiultm 
with  chlorine*  By  long- continued  and  gentle  hed 
Nitro-Muriatic  Acid  may  be  entirely  deprived  of  chlo- 
rine, and  it  then  loses  its  power  of  acting  oq  gold  m 
platinum. 

**  The  Nitro-Muriatic  Acid  does  not  form  with  i!ki» 
line  or  other  bases  a  distinct  genu:^  of  Ssilts,  entklad 
to  the  name  of  nitro-miiriates  ;  for  when  combined  witi 
an  alkali,  or  an  earth,  the  solution  yields  on  evapontiofl 
a  mixture  of  a  muriate  and  a  nitrate  ;  and  metallic 
bodies  dissolved  in  it  yield  muriates  only/'   Henry. 

Siihiect,  7. — Ammonia, 

(460.)  A.  The  liquid  solution  of  Ammonia  in  wittr 
was  known  to  the  Alchemists,  as  it  is  mentioned  in  tht 
writings  of  Basil  Valentine  and  Raymond  Lully.  Dr» 
Black  first  pointed  out  the  diflerence  between  its  pure 
and  its  carbonated  form,  and  Priestley  first  examined  H 
as  a  Gas,  calling  it  alkaline  air.  It  is  found  in  cumbi- 
nation  with  Acids  among  volcanic  products,  aad  it  ii 
disengaged  together  with  other  Gases  during  the  spot 
taneous  decomposition  of  putrescent  animal  and  vege- 
table matter. 

(46 L)  B.  Pure  ammoniacal  Gas  is  readily  obti 
for   experiment   by  applying  a  lamp-heat  to 
liquor  Ammonite  in  a  gas  bottle  with  a  l>ent  tube. 
Gas  must  be  collected  over  mercury  ;  or  it  may  ht  pi 
duced  by  mixing  equal  parts  of  dry  Sal  ammoniac 
drochlo rate  of  Ammonia)  with  dry  quick-lime,  botli 
tine  powder,  and  applying  a  lamp* heat,  collectinf  tkf 
Gas  as  before.     This  Gas,  which  of  course  is  the  niwt 
pure   form  of  the  volatile  alkali,  consists  of  nitrugro 
combined  with  hydrogen  iu  the   proportion  of  one  fiK 
lume  or  atom  of  the  former  +  three  volumes  or  Atums 
of  the  latter  condensed  into  two  volumes*  The  sgrnUiedc 
union  of  these   elements  has  not  yet  been  etfected,  but 
the  decomposition  of  Ammoiua  fully  proves  the  aociiracf 
of  such  a  view  of  its  constitution.     It  was  analysed  bf 
A,  Berthollet,  and  most  satisfactorily  by  Dr.  Henry,  W 
by  detonation  with  oxygen.     For  the  method  of  obuuii- 
ing  Ammonia  for  Medical  and  Commercial  purposes,  mt 
must  refer  to  Mr.  Richard  Phillips's  excellent  translation 
of  t li e  PA annacopma.  {y . ) 

(452.)  C.  Ammoniacal  Gas  has  a  most  piingentodoar. 
It  extinguishes  flame,  and  when  unrii luted,  cannot  he 
respired.  It  is  not  sufficiently  infiammalde  to  t>arn  in 
atmospheric  oir;  but  Dr.  Henry  found  that  he  cooW 
ignite  a  small  jet  of  it  issuing  into  an  atmosphere </ 
oxygen  Gas.  It  is  lighter  than  atmospheric  air,  ns  m§ 
be  seen  from  t!ie  table  of  Specific  Gravity  in  PartV, 
Heat  is  capable  of  decomposing  it  when  passed  through 
a  ]>orcelain  tube;  so  also  is  a  current  of  electric  »ptrks. 
Water  will  absorb  190  per  cent,  by  volumes  of  this  (ha. 
Its  firoperties  are  decidedly  alkaline,  as  it  turns  te^ 
get  able  blues  to  green,  and  saturates  Acidn  so  as  to  Um» 
a  class  of  Sails.  At  50°  Fahrenheit,  and  uad^  a  pres* 
sure  of  6,5  atmospheres,  Ammonia  becomes  i 
colourless  Liquid. 

(463.)  D.  Oxygen  has  no  immediate  action  od  •» 
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Ctemlitry  Hydrocyank  Acid, — Pnissie  Add,  Schesle. 

(474)  Scheeie  discovered  this  Add  in    1782  ;  and 

Berthollet  ascertained  it?*  ultimate  eleniefita  to  be  car- 
bon, iiitroft'en,  and  hydma^en.  Gay  Luf^^uc,  by  discn- 
vering"  tlie  true  nature  of  cyanof^n,  showed  it  to  be  the 
base  of  the  Acid,  and  hydrogen  the  acidifying'  principle. 

Hydrocyanic  Acid  is  obtained  by  heating  three  parts 
of  eyannrct  of  mercury  witli  two  parts  by  wei^t  of  con- 
centrated hydrochloric  Acid  in  a  glass  retort,  A  vapour 
of  water,  hydrochloric  Acid,  and  Hydrocyanic  Acid 
rises,  and  is  purified  from  the  hydrochloric  Acid  by  bein^ 
snlfered  to  pass  through  a  narrow  tube,  containing'  frag^- 
meutiJ  of  marble,  which  take  up  tlie  latter  Acid.  It  is 
next  conveyed  through  dry  chloride,  of  calcium,  and  con- 
densed in  a  vessel  surrounded  with  ice. 

Vauquelin,  however,  recommends  in  preference,  that 
a  narrow  horizontal  tube  should  be  filled  with  fragmenta 
of  the  mercurial  cyanyret ;  and  that  t!ien  a  current  of 
hydroiulphuric  Acid  Gas  should  be  slowly  admitted. 
The  instant  that  Gas  comes  in  contact  with  the  cyanu- 
retj  double  decomposition  ensues ;  Hydrocyanic  Acid 
and  the  black  snlphuret  of  mercury  beings  generated. 
The  progress  of  the  bydrosulphuric  Acid  along  the  tube 
liiay  be  distinctly  traced  by  the  change  of  colour,  and 
the  experiment  may  be  terminated  so  soon  as  the  whole 
of  the  cyanurel  has  become  black.  The  Hydrocyanic 
Acid  is  then  to  be  expelled  by  a  gentle  heat,  and  col- 
lected in  a  cool  receiver- 

For  Medicinal  purposes  it  is  prepared  at  Apothe- 
caries' Hall,  by  mixing  in  a  retort  one  part  of  cyanuret 
of  mercury,  one  part  of  hydrocldoric  Acid,  (Specific 
Gravity  1.15,)  and  six  parti;  of  water.  This  is  distilled 
at  a  gentle  heat,  giving  an  Acid  of  Specific  Gravity 
0.995.  iff) 

Pure  condensed  Hydrocyanic  Acid  is  a  limpid  Fluid 
of  Specific  Gravity  0.7056*  at  45''  Fahrenheit.  It  has 
a  strong  odour  of  the  peach  blossom,  and  the  vapour, 
when  breathed  even  with  much  atmospheric  air,  pro- 
duces giddiness  and  headach.  When  diluted,  it  has  the 
taste  of  bitter  almonds.  This  Acid  is  extremely  vola- 
tile, and  boils  at  79°  Fahrenheit :  at  zero  it  congeals. 
Even  when  closely  confined,  it  most  readily  undergoes 
spontaneous  decomposition,  so  that  it  cannot  well  be 
preserved  undiluted  many  days.  During  decomposition 
it  assumes  a  brownish  tint.  It  reddens  litmus- paper 
feebly,  and  combines  with  bases  to  form  Salts  ;  but  it 
is  so  feeble  as  not  to  decompose  the  carbonates,  nor  can 
It  be  made  to  neutralize  potassa. 

By  Voltaic  electricity  it  is  decomposed,  the  hydrogen 
appearing  at  the  negative  pole,  the  cyanogen  at  the  posi- 
tive one.  It  is  also  partially  decomposed  by  being 
passed  through  a  red-hot  porcelain  tuW,  With  oxygen 
Gas  it  detonates  in  Volta*s  eudiometer.  It  is  best 
analysed  by  potassia,  as  in  Gay  Lussac's  experiments. 

Free  Hydrocyanic  Acid  is  readily  recognised  by  its 
odour.  A  fluid  which  is  supposed  to  contain  it  may  be 
agitated  with  finely-powdered  oJtide  of  mercury.  By 
double  decomposition  water  and  cyanuret  of  mercury 
are  produced,  and  on  evaporating  the  filtered  solution, 
small  crystals  of  the  cyanuret  are  obtained. 

Dr.  Ure  has  given  the  following  process  for  estimat- 
ing the  strength  of  any  solution  of  Hydrocyanic  Acid  met 
H'ith  in  commerce,  **To  100  grains  of  the  Liquid  con- 
tatned  in  a  phial,  let  small  given  quantities  of  the  finely- 
powdered  peroxide  of  mercury  successively  be  added, 
until  it  cea&es  to  be  dissolved*     The  weight  of  peroxide 


so  dissolved,  divided  by  four,  giye«  the  qnantitj  of  veil   1^ 
Hydrocyanic  Acid  present."  (sr^.)  ^ 

The    distilled  water    of  the  Prunui  Lanro^emmm 
owes  its  odour  and  poisonous  properties  to  this  Acid; 
it  exists  also   in   the  bitter  almond,  and  la  the 
cherry. 

The  Hydrocyanic  Acid,  when  pure,   is  so  rbkoc  i 
poison,  that  one  drop  may  be  fotal.     In  a  dUuted  ! 
it  is  now  given  Medicinally  with  mQch  success,  i 
to  allay  irritation  in  pulmonic  complaints.  (AA.) 

CMorocyauic  Acid* 

(475.)  If  chlorine  Gas  be  passed  throug^h  an  aqiMQQi;] 
solution  of  hydrocyanic  Acid,  until  tlie  Liquid  ncqairet i 
bleaching^  properties,  and  then  the  redundant  chiorina 
be  removed  by  agitation  with  mercury,  two  Acids  re* 
main,  tlie  hydrochloric,  and  the  Chlorc»carbonic,  fini 
called  the  Oxyprussic  by  Berthollet.  This  Acid  it  £l 
present  little  kiiown,  and  seems  scarcely  to  have  hwft 
obtained  in  a  separate  state.  Its  composition,  oi  stated 
by  M-  Gay  Lussac,  has  been  already  mentioned. 

Iodide  ofCycmogen;  or  CyanurH  of  lodijte, 

(476.)  Such  are  the  names  given  to  a  compound  d 
these  elements  not  possessed  of  acid  properties^     It  wn 
discovered  in  1824  by  M.  Serullas,  and  may  be  obt^ned 
by  mixing^  two  parts  of  cyanuret  of  mercury  wilkoae 
of  Iodine,  both  quite  dry,  in  a  glass  mortar.     This  i 
ture  is  to  be  put  inlo  a  wide-mouthed  phial.     On  I 
iirst  application  of  heat*  vapours  of  Iodine  app 
•o  soon  as    the    Cyanuret  undergoes    decomji 
white  fumes  are  seen,  which  will  condense  on  iliei 
of  a  cool  glass  receiver  in  floccuU  like  cotton  wool. 

This  Iodide  of  Cyanogen  has  a  cau^sttc  taste  i 
odour,  exciting  tears.     It  is  verj^  volatile,  and 
heat  ofmore  than  212^  Fahrenheit,  without  dc 
tion,  but  its  elements  are  disunited  by  a  red*L 
iioluble  in  water,  (ti.) 

Ferro-hydroeyanic  Acid,  Ferruretted  Ckya^  ifeidPl 
{Porreit.}  Ferro-cyanic  Acid,  Acide  ffydro-qfo^^ 
71  ique  fcrrurS .  (Thenetrd,} 

(477.)  We  are  disposed  to  prefer  the  name  i 
first  among  these  synonymes,  as  best  cxpressiii 
constiluti<in  of  this  Acid  ;  viz.  that  iron  and  hyd 
both  simultaneously  combine  in   forming  an  acid^ 
pound,    having   cyanogen   for  a    base*     Or    it 
possibly  be  said  that  iron  in  combination  exerts  a  i 
fying  agency  upon  what  would  otherwise  be  Hydn>» 
cyanic    Acid.     Mr.    Porrett,  to   whom,    witli   Mean. 
Wilson  and  Rupert  Kirk,  we  are  much    tndebled  fat 
able  researches  into  the  nature  of  these  interesting;'  com- 
poundf^,  proposed  the  name  of  Chyazic  Acid,  formiag 
the  word  from  the  initial  parts  of  its  elements,  carfcoo, 
hydrogen,  and  azote.     We  object  to  the  name  of  T 
cyanic  Acid,  because  it  would  seem   to   exp 
nature  of  the  substance,  and  yet  omits  an 
element.     By  some  it  is  considered  that  hydrogen  i 
as  the  acidifying  principle  upon  a  sort  of  double  5 
consistin;^  of  both  cjnnogen  and  cyanuret  of  iron* 

The  following  are  two   processes  recomsieaidcd 
Mr,  Porrett  for  obtaining  this  Acid.     1.  LietSSj 
of  crystallized  tartaric  Acid  be  dissolved  in  i 
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CK«mi«tiT. 


Order  l^-^BriUk  and  Addijiahk, 


Arsenic. 
Tun«:sten. 


Molybdenmn. 
Chromium. 


Order  2. — Briiik  and  dmply  Oxidahle, 

Titaniiinu  Bismuth, 

Uranium-  Antimony. 

CobalL  Tellurium. 
Maiig-auese* 

Order  B.—Oxidabk  and  imperfeefly  Duciik. 

Mercury.  Zinc. 

Order  4. — Etuili/  Ondabk  and  Ductik. 

Tin.  Iron. 

Lend.  Copper 

Order  5. — Bifficuli  of  Oxidation  and  very  Ductik, 

Silver.  Palladiumu 

Gold.  PlalinuiH 

Another  orrangement  wa?  proposed  by  Dr.  Thomson 
in  the  3d  Ediliiin  of  hisCAfmw/ry»and  is  employed  by 
Dr.  ilenry.     Here  there  are  foyr  Classes. 

Class  1  .--MaUeabk  MetaU. 


Gold 

Platimim. 

Silver, 

Mercury. 

PollafUiim. 

Rhodium. 

Iridium. 


Osmiuin* 

Copper. 

Iron. 

Nickel. 

Tin, 

Lead. 

Zinc 


r 


Class  2. — Briiik  and  easily  fuud. 

Bismuth.  Tellurium. 

Antimony,  Arsenic. 

Class  3. — Briiik  and  diffictdi  of  Fusion. 


Cobalt. 

MsJi^g^anese 

Chromium. 


Molybdenum. 

Uranium, 

Tunjrsten. 


Class  i.— Refractory  Metah. 

Titanium. 

Columbium. 

Cerium, 

In  Oie  most  recent  edition  of  Dn  Thorn son*s  Work, 
arsenic,  tellurium*  and  oi^mium  arc  removed  from  the 
rank  of  Meluls,  and  fall  in  ivith  his  "  acidiliable  com- 
bustibles/* phoftphorus,  sulphur,  &e.  Then  come  31 
Metals,  which  Jbrm  *'  alkalis  or  bases  capable  of  con- 
stitutinfT  neutral  Salts  with  Acids,  by  uniling"  with  the 
supporters  of  combustion.*^  Tfiese  are  arranged  under 
five  Families. 

Family  1.  contains  those  bodies  which,  **  when 
combined  with  oxygen^  possess  the  alkaline  properties 
in  the  g^reatest  perfection.  They  all  convert  veg^etable 
bines  to  green,  and  are  all  soluble  in  water,  with  the 
exception  of  magnesia/'  which  is  so  to  only  a  very 
slight  extent.  Here  we  have  the  bases  of  the  alkalis 
and  alkaline  earths  of  former  Chemists 


1.  Potassium. 

2.  Sodium. 

3.  Lithium. 

4.  Calcium* 


B,  Borium 

6,  Strontium, 

7.  Magntbium. 


Family  2. — The  compounds  which  the  elements c 
tained  in  this  Family  *' form  with  oxygren  are  white,  i 
these  oxides  form  colourless  solutions  in  Acids;  U  lai 
hitherto  bee»n  impossible  to  reduce  them  in    any  < 
tity  to  the  Metallic  stale.    They  are  insoluble  in  i 
and  produce  no  alteration  in  the  cototir  of  Tc^;ytaU 
blues.      On   that  account   they  were  formerly   dtittl 
guished  in  Chemistry  by  the  name  of  earths  f^roper^ 

1.  Yttrium.  4.  Zirconium, 

2.  Glucinum.  5.  Thorinufn. 

3.  Aluminum* 

Family  3. — The  Metals  in  this  Family  **  arc  distts*! 
guished  by  ttvo  properties ;  1,  Their  oxides  cannot  be  re- 
duced to  the  Metallic  state  by  the  most  violent  Leal  that 
can  be  applied.  2.  When  dissolved  in  an  Acid  tlicy  €»a- 
not  be  precipitated  in  the  Metallic  state  by  plungiaf 
into  the  solution  a  rod  of  any  other  Metal." 

L  Iron.  4.  Manganese. 

2.  Nickel.  5.  Cerium, 

3.  Cobalt,  6.  Uranium. 
Family  4. — The  substances  belonging"  to  this  Ftmflj 

**  are  precipitated  from  their  solution?  in  Ackis,  in 
the  Metalhc  state,  in  the  order  of  the  followinnr Table. 
Zinc  precipitating  all  the  others;  but  nut  being  itirlf" 
precipitated  by  any  of  them.  Lead  precipitates  all  ei- 
eept  zinc  and  cadmimn.  Tin  all  except  zinc  aod 
lead.  Copper  precipitates  only  bismuth,  mercoiy, 
and  silver.  Silver  is  precipitated  by  all  the  rest,  but 
does  not  itself  precipitate  any  of  the  others.*' 

L  Zinc.  5.  Copper. 

2.  Cadmium.  6.  Bismuth. 

3.  Lead.  7.  Mercury. 

4.  Tin.  a  Silver. 

Family  5, — In  this  Family*  consisting  of  BvcMetili. 
"  they  all  require  a  strong  heat  to  fuse  them  ;  tbey  m 
all  insoluble  in  nitric  Acid,  and  their  oxides  are  reda- 
cible  to  the  Metallic  state  by  the  appUcation  of  hrtt 
alone." 

L  Gold.  4.  Rhodinm, 

2,  Platinum.  5.  Iridium. 

3.  Falkdium. 
The    remaining    Metals   which     in    Dr.   TliomsonS 

system  do  not  enter  any  of  these  Families  constitatet 
genus  apart.  They  are  described  as  ""  bodies  pwdi^' 
cing  by  their  union  with  tJie  supporters  of  combustio© 
imperfect  Acids,  or  substances  intermediate  bclw«B 
Acids  and  alkalis.^' 

L  Antimony.  4.  Tungsten. 

2.  Chromium.  5.  Columbitim* 

3.  Molybdenum.  6.  Titanium. 

(48  L)  We  now  proceed  to  that  classification  of 
Metals  which  we  have  adopted  in   this    Essay,    It  ' 
almost  identical  with  tliat  made  use  of  by  ^!,  Tl»en; 
in  fomrer  editions  of  bis   admirable   Traite  de  Ct 
but  it  differs  in  that  we  have  already  treated  of  silicon 
removing  it  from  the  class  of  Metals:  a  measuR ' 
tified  by  the  opinions  of  Thomson  and  Berzelius* 
the  last  edition  of  M.Tlienard's  Work  (the  fitth)  he 
placed    silicon  and    Mirconium   in    a   division  by  th< 
selves  as  intermediate  between  the  substances 
third  Chapter  and  tlie  Melals,     Berzelius  has 
ascertained   that  thorina^  which  he  had  consid 
peculiar  earth,   is   a    phosphate  of  yltria.     Tlie 
jiouever,  still  remains  in  our  Synopsis^  as  tba 
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Chemist  has  discovered  another  earth  which  he  deems 
a  sinvpte  suliatance,  and  from  a  sifiiilarity  of  properties 
propt*ses  that  it  shoirld  occupy  the  vacnnt  imme.  The 
following^  forty  Metals  then  will  stand  m  six  classes, 
chiefly  dej pendent  for  their  distinction  upon  the  degree 

of  their  affiuity  for  oiygen, 

(482.)  Cia^a  L— Those  Metals  which  have  not  yet 

been  actually  obtained   by  reducLion   from  their  oxides, 

and  exhibited  in  a  pure  state,  ihoug'h  considered  Metals 

on  sufficiently  strong  analogies. 

L  Zireonnim.  4.  Yttrtum. 

2.  Thorinum?  5,  Glycyniim* 

3»  Aluminum.  6.  Majruesium. 

(483.)  Class  2. — Mctala  which  instantly  decompose 
water  at  ordinary  temperatures;  combine  with  oxygen 
Gas  at  the  same  temperature,  or  by  the  aid  of  a  slight 
heat;  and  whose  oxides  ore  reducible  by  Electricity, 
or  by  certain  very  enmbustible  bodies  ;  but  cannot  be 
reduced  by  tieat  atone. 

1.  PotaRSLum,  4.  Barium, 

2.  Sodium.  i.  Strontium. 

3.  Lithium,  6.  Calcium. 

(4S4.)  Class  3/ — Metals  which  are  capable  of 
decomposing  water  but  only  at  a  red  heat;  which 
cotnbine  with  oxygen  at  some  temperature;  and  whose 
oxides  are  reducible  by  elfctricity.  and  by  different  com 
bu^tible  bodies,  thougb  not  reducible  by  any  heat  aloue 
however  vitilent. 


1.  Manganese,  4.  Tin, 

2.  Zinc.  5,  Cadmium, 
d.  Iron, 

(485.)  Cia^s  4, — The  Metals  of  this  section  are  in- 
capable of  decomposing  water  at  any  temperature ; 
they  combine  with  oxygen  upon  some  elevation  of  tem- 
perature ;  their  oxidrs  are  reducible  by  Electricity,  and 
by  different  combustible  bodies,  but  not  redticible  by 
heat  aloiie. 

The  Metals  of  this  section  are  again  subdivided  into 
first,  those  which  are  capable  of  becoming  Acids  ;  and 
secondly  I  those  which  form  oxides  only. 


1. 
2. 

a. 


Arsemc. 

MoUhdenym, 
Chromium. 


Acidifiahle, 

4,  Tungsten. 

5.  Columbium. 


Antimony. 

Uranium. 

Cerium, 

Cobalt. 

Titanium, 


Not  Acidijiahk, 

6.  Bismut}u 

7,  Copper, 

8,  Telhirium, 

9.  Nickel. 

10.  Lead. 


■        M,  Thenard  suggests  that  some  of  these,  especially 
"    antimony,   titanium,  and  tellurium,  have  a  claim  to  be 

considered  acid iti able  Metals. 

(486.)  Clas^  5  *— Metals  which  do    not    decompose 

water  at  any  temperature,  but  which  combine  with  oxy* 

gen   at   some  temperature  or  other,  and  whose  oxides 

arc  reducible  by  heat  alone. 

L  Mercury.  2,  Osmium. 

(487.)  Class  ^, — ^Tliose  Metals  which  do  not  decom- 
pose water  at  any  temperature  :  do  not  combine  with 
oxygen  at  any  temperature ;  and  whose  oxides  formed 
indirectly  are  easily  reducible  by  heat  aloue« 
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1,  Silver. 

2,  Palladium 

3,  Rhodium. 


4.  Platinum. 

5.  Gold, 

6.  Iridium, 


METALS.     CLASS  L 

Sect  I. — Zirconium, 

(488.)  Of  this  Metal,  the  oxide  of  which  forms  the 
earth  Zirconia»  (see  subsect.  1,)  we  iiave  fevr  details, 
and  for  the  slender  knowledge  which  we  possess,  we 
are  entirely  indebted  to  Sir  H.  Davy.  He  Mibmitted 
the  eartli  Zirconia,  in  contact  with  potassium  and  mer- 
cnry,  to  the  action  of  Voltaic  Electricity,  and  obtained 
results  which  showed  that  some  portion  of  the  earth 
had  niidergone  decomposition  ;  the  metallic  amalgam 
being  capable  of  decomposing  water,  and  the  Zircon 
earth  being  found  as  a  product  after  that  decomposi- 
tion, Davy  also  applied  potassium  to  Zircon ia  at  a 
white  heat:  the  potassium  "was  for  the  most  part 
converted  into  potash,  and  dark  particles,  which,  when 
examined  with  a  magnifying  glass,  appeared  metallic  in 
somf*  parts,  and  chocolate  brown  in  others,  were  fonnd 
d  ill  used  through  the  potash  and  the  on  decomposed 
earlh,^'  (a,) 

Sit  bsect  1 . — Zirco  n  ia, 

(489.)  A,  By  analyzing  Zircon,  a  mineral  found  in 
the  Island  of  Ceylon,  Klaproth,  in  the  year  1789,  dis- 
covered a  new  earth,  which  he  named  Zirco ni a,  (6.) 
In  1795  he  published  his  Analysis  of  the  Hyacinth^ 
another  mineral  from  the  same  island,  and  found  in  this 
also  a  considerable  proportion  of  the  same  earth,  (c.) 
Morvean  then,  in  1796,  examined  the  Hyacinths  from 
Ex  pa  illy  in  France,  in  which  he  also  found  Zircon  ia,  (d.) 
Vauqnelin  has  also  given  some  Memoirs  on  this  sub- 
ject; (f,)  and  still  more  recently,  M,  ChevreuL  (/) 
MM,  Dubois  and  Silviera  have  proposed  an  improved 
process  for  obtaining  this  earth.  (§',) 

(490.)  B,  This  process  consists  in  submitting  the 
Zircon*^,  reduced  to  a  fine  powder,  and  mixed  with  two 
parts  of  pure  potash,  to  a  red  heat  for  an  hour  in  a 
silver  crucible.  The  mass  is  then  treated  with  distilled 
water  filtered  and  thorooghly  washed.  The  residuum 
upon  the  filter  consists  of  Zircon  ia,  silica,  with  some 
potash,  and  oxide  of  iron.  It  is  then  dissolved  in 
hydrochloric  Acid,  and  evaporated  to  dryness,  for  the 
purpose  of  separating  the  silica.  Let  the  muriate  of 
Zirconia  and  iron  be  redissolved  in  water;  and  to 
separate  a  litlle  Zirconia  which  will  adhere  to  the  fcilica, 
wash  the  letter  with  a  little  weak  hydrochloric  Acid, 
and  add  this  to  the  solution.  After  filtering  the  Liquid, 
let  the  Zirconia  and  iron  be  precipitated  by  pure  am- 
monia ;  wash  the  precipitate  well,  and  treat  it  with 
oxalic  Add,  boiling  them  well  together;  by  this  the 
oxide  of  iron  will  be  dissolved  out,  and  an  insoluble 
oxalate  of  Zirconia  will  be  formed.  Filter  and  wash 
the  oxalate  until  no  iron  can  be  detected  in  the  wash- 
ing. The  oxalate  of  Zirconia  well  washed  and  dried 
IS  of  an  opaline  colour,  and  may  be  decomposed  by 
heat  in  a  platinum  crucible. 

(49L)  C.  Zirconia  is  a  fine,  while  powder  without 
taste  or  smell,  but  feeling  gritty  between  the  fingers  ; 
infusible  save  by  the  Gas  blowpipe,  ft  is  insoluble  in 
water,  but  has  a  strong  affinity  for  that  Liquid.  When 
slowly  dried,  after  being  precipitated  from  a  stjiution,  it 
retains  about  one -third  its  weight  of  water,  and  assomea 
4x 
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C(t«ttUlry.  a  yellow  colour,  with    sonre  <le^ree  of  tt*ansparcncy, 
which  gives  it  the  appeamnce  of  gttni  aruhic* 

(492,)   D.  E.  F.  G.  none,  or  yimoticed, 

(493  )  H.  Zirconia  does  not  conibtne  with  these 
noi^tnetallic  subslances. 

(4S)40  I.  Neither  has  it  any  oilier  known  action  with 
the  Metals,  save  that  which  han  been  already  noticed 
in  sect.  L 

(495.)  Zirconia  is  insoluble  in  liquid  caustic  alkalis* 
neither  does  it  combine  with  them  by  means  of  heat ; 
tut  it  is  sokible  in  the  li*|uid  alkaline  cajboiiales.  It 
unites  with  silica  and  alumina  by  fusion,  aa  also  with 
some  ot  the  metallic  oxides. 

After  precipitated  Zircoiiia  has  been  exposed  to  a  red 
heat,  or  even  well  dried,  it  scarcely  tan  be  said  to  be 
soluble  in  Acids,  but  when  newly  pirccipitatedi  and  still 
moist,  it  dissolves  readily. 

The  grtater  part  of  the  Salts  of  Zirconia  are  inso- 
luble in  water;  "  such  arc  the  sulphate,  sulphite, 
phos|)hale,  fluale,  borate,  carbonate,  seleniate,  oxalate, 
tartrate,  citrate,  saclactate,  and  gal  late.  But  the  hy- 
drochlorate,  nitrate,  acetate,  benzoate,  and  mallale  are 
BOluble."  (Thomson.)  The  fcsalts  of  Zirconia  have  a 
harsh,  astringent,  disngrecable  taste,  similar  to  that  of 
Bome  of  the  metallic  Stilts,  (e.) 

(406.)  L.  Sulphuric  Acid  added  to  a  netjtral  solu- 
tion of  Zirconia,  if  not  too  dilute,  produces  a  white  pre- 
crpitate.  Carbonate  of  ammonia  produces  also  a  white 
precipitate,  soluble  in  excess  ol  the  reagent,  by  which 
Zirconia  is  disting'uished  from  nlumiiia.  Oxalate  ot 
ammonia  and  tartrate  of  put.ih  also  produce  white  pre- 
cipitates of  the  insoluble  oxiiluk-  imd  tartrate.  Ilydro- 
sylphuret  of  potash  produces  uv  precipitate,  byt  intrusion 
of  galls  will  give  a  white  oue. 

(497,)  M.    None. 

References  to  §  1, 

(a.)  Davy,  Eltmcnts,  p.  360.  (b,)  Jour,  de  Phm, 
vol.  xxxvi.  p.  180.  (e.)  Ktuproth,  Bnirage,  vol  i, 
'p,  231.  {d.)  An.  de  Ck  vob  xxL  p.  72.  (e  )  Vauquelin, 
Jn,  dc  Ch.  vol.  xxii.  p.  15S,  and  Jottr,  des  Mittes,  No,  5. 
p,  97.  (/)  Chevreul.  Au,  dc  Ch.  et  Ph.  vol  xiii. 
p.  24&,     (g,)  Jn,  de  Ch.  et  Ph.  vol.  xiv.  p.  1 10, 

Sect  IL—Yttrium. 

(498»)  llie  name  Ytrnum  has  been  assiijned  to  the 
supposed  base  of  the  earth  yttria.  Of  the  existence  of  thia 
Metal  experiments  similar  to  those  miide  upon  zirconia 
Bcemed  to  afford  to  Sir  H.  Davy  sufficicni  proof.  Ac- 
cording to  this  opinion,  which  is  generally  received, 
yttria  is  a  metallic  oxide,  lis  properties  will  fall  under 
the  following  subsection. 

Substct.  1,—Yana. 

(4i>9.)  A.  **  Some  lime  before  1788,  Coptain  Arhe- 
nius  discovered,  in  the  quarry  of  Ytterby;  in  Sweden,  a 
peculiar  mineral/'  This  mineral  is  now  called  Gadolin- 
ite,  after  its  first  analyst.  Jt  was  first  described  by 
Gayer  in  CrelFs  Anvah  for  1769.  Professor  Gadolin 
analyzed  ihi.^  mineral  in  1794,  (a.)  and  found  it  to  eon- 
tain  anew  earth  ;  but  though  his  analysis  was  piiblished 
in  the  Stockholm  Tramaciiom  for  1794,  and  in  Crcirs 
Annah  for  1796,  it  was  some  lime  before  it  attracted 
the  attention  of  Chemical  mineralogists.  The  conclu- 
sions of  Gadolin  were  confinried  by  Ekcber|r  in  1797, 


who   gave  to  the  new   earth  the  nnme  of  Yltrtt.  (A.)   | 

These  researches  were  still  further  extended  by  Vftuqtit*  m 
lin  in  1800;  (c)  and  likewise  by  Klupmth  aboitt  t^ 
same  time  :  (d,)  Ekeberg  also  putHished  a  new  diSKN 
tation  on  the  subject  in  the  Stredtth  TrarmadicM  % 
1S02,  (e.)  Since  that  lime  Yllria  ho«  been  re|>e»iei!Jf 
examined  by  Berzelius,  who  has  shnwn  Cfl)  tbtt  the 
earth  examined  by  Ekeberg  and  Gadolin  was  not  pom 
He  has  himself  succeeded  in  separating  it  I'rocn  most  of 
the  cerium  with  which  it  was  contaminated,  and  bit 
described  its  properties,  {g.) 

Yttria  has  as  yet  vn\y  been  found  in  the  Gadoiiatit 
above  mentioned  ;  in  yltro4antaUle  another  Sifttlul 
mineral,  where  it  is  combined  with  tantalum;  andia 
combination  with  phosphoric  Acid,  by  which  it  producei 
the  earth  to  which  Berzclius  had  given  the  nuneof 
Thorina,  supposing  it  to  be  a  new  proximate  elcmeaL 

(bOQ.)  B.  Yttria  is  obtained  from  yttro-lanlalite,lh| 
more  plentiful  mineral,  by  the  following  proce.ss.  The 
pulverised  mineral  h  lo  be  dissolved  in  nilro-oiuriiiie 
Acid.  The  solution  Is  then  to  be  ht;^h!y  concentnied 
by  evaporation,  I  hen  filtered  and  diUiled  with  »itfr. 
Thus  the  silica  is  in  a  great  measure  got  rid  of.  Tbi 
filtered  Liquid  is  to  be  evaporated  to  dryness,  and  Ike 
residue  submitted  for  some  time  to  a  red  heatinacte 
vessel,  and  then  redissolved  in  water  and  filtered.  Ti 
the  clear  solution  let  ammonia  be  added,  and  a  miitsnt 
of  Yttria  and  oxide  of  cerium  is  predpttated.  flat 
this  powder  (o  redness,  dissolve  in  nitric  Acid,  and 
evoporate  to  dryness,  to  get  rid  of  the  excess  of  Atii 
Add  150  parts  of  water,  and  put  into  the  Liquid 
lals  of  sulphate  of  potash.  The  crystals  g-radi 
solve,  and  after  some  hours  a  white  precipitate 
of  cerium  appears.  Tlie  latter  process  is  lo  be 
to  be  certain  of  having  got  rid  of  all  the  oxide  of  certuia 
The  Yttria  may  be  precipitated  from  the  filtered  liq«f 
by  piirc  ammonia,  and  after  being  well  washed  is  loll 
heated  to  redness.  {f,j 

f.iOl.)  C.    Yttria  produces  neither  taste  no? 
nor  has  it  nnyeflect  on  vegetable  colours.     It  is  Ijcii 
than  the  other  earths,  its  Specific  Gravity  being  i 
according  to  Ekeberg,     Ii  is  insoluble   in  water,  W 
absorbs  and  strongly  retains  that  fluid. 

(50^.)  D.  E.  F.  G.  It  is  not  probable  that  Ittni 
has  any  mutual  action  with  the^e  substaneeii 

(503.)  H.  Neither  is  it  hkely  that  it  would  tiiiiit 
with  any  substance  in  this  division,  as  Klaproilb  cooii 
not  produce  a  combination  wiih  sulphur. 

(504,)  K.  Vltria  is  not  soluble  in  the  liquid  cao^ 
alkalis,  nor  is  it  redissolved  by  excess  after  havijif  Stn 
precipitated  by  them  from  its  solutions.  In  thUni^' 
fers  bom  glycyna.  Like  glycyna,  it  is  soluble  in  Cl^ 
bonate  of  anunonia,  but  requires  iiYe  or  sin  Imka Iht 
quantity  of  that  menstruum. 

Yttria  cimdunes  with  the  Acids,  exerting eoiMMkllliB 
strength  of  albnity,  as  it  precipitalesi  alumina,  MOtam 
and  glycyna  Irom  tlieir  solutions.  It  is  itself  prectpinti^ 
by  the  alkalis  and  alkaline  eaith.  lis  Salts,  wbett'itiil^ 
pure,  arc  colourless,  and  have  a  sweet  tasteu  lint 
which  are  soluble,  the  sulphate,  nitrate,  hydfochlinl^ 
and  acetate,  are  crjstallizable ;  they  arc  always  aciii^ 
lotis,  the  chromate  excepted  ;  but  even  with  thi»  eie^ 
of  Acid,  they  refuse  to  dissolve  any  additional  poftioa*' 
the  eartlt.  The  insoluble  Salts,  viz.  the  phosphate,  ■!»• 
niate,  carbonate,  seleniate,  oxalate,  tartrate,  sucdnil** 
and  citrate,  are,  however,  neutrab 

(505.)  L,   Yttria  is  precipitated  by  pnissbte  ci^  pc^ 
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Hiy. '.  mli<t)f.  a-grcyisb  colour.  ^  Also  in-  grtf  flooculi  by  infusion 
^^  ior-:tinctin'e  <of  galls,  but  very- slightly  by  pure  gallic 
Jkcid.  Its  saline  solutions  Are  not  afiVcted  by  hydro- 
sii4ph uric  Acid,  nor  by  sulphuret  of  ammonia.  It  is 
-»Uo  precipitated  >by  phosphate  >of  soda,  carbonate  of 
modui  and  oxalate  of  ammonia. 
(606.)  M.   None. 

References  to.  §  2. 

(a.)  Gadolin,  CreU's  Annals,- 1^06,  p.  i^lS.  (6.) 
Creirs  Annals,  1799,  vol.  ii.  p.  63.  (c.)  Vauquelin, 
iAn.  de  Ch,  vol.  xxxvi.  p.  143.  (d)  Klaproth,  Beit 
▼ol.  iii.  p.  62 ;  Aru  de  Ch.  vol.  xxxvii.  p.  86.  (e.)  £ke- 
herg^'Kongl,  Veienskaps  Acad,  nya  Handlingar,  1802, 
rp.  86  ;  or  Jour,  de  Ch.  vol.  iii.  p.  98.  (/)  Afhand- 
#wigar,^c.,voL  iv.  p.  217 — 285;  or  An.  Phil.  vol.  iii. 
i»«JS69  ;  or  An.  de  Ch.  4A  Ph.  vol.  iii.  p.  26 — 38.  {g.) 
'^^omson,  Chem.  voKi.  p^  369. 

Sect.  III.-— Ob/cynum. 

(607.):  For  the  existence  of  this  Metal  we  have  the 
Mime  evidence  as  is  exhibited  in  the  case  of  zirconium, 
Mid  for  this  knowledge  we  are  also  indebted  to* Sir  H. 
Davy.  The  process  he  employed  was  the  same  as  ^e 
made -use  of  for  2ireoninm.  (488.)  The  oxide  of  G4y- 
cynnm  forms  the  earth  glycyna,  which  we  shall  desclibe 
in  4he  f[>llowing  subsection. 

Sulmeet,  h-^-^lycymu 

.  (608.)  A.  In  the  year  1768,  the  Abb^  Hauy  re- 
guested  Vauquelin  to  analyze  the  emerald  and  beryl,  in 
consequence  of  an  inference  which  he  had  deduced  from 
their  crystalline  forms,  that  the  two  minerals  contained 
the  same  chemical  elements.  Hauy's  conjecture  was 
confirmed  by  the  analysis,  and  Vauquelin  was  rewarded 
by  the  discovery  of  a  new  earth,  to  which  the  name  of 
Glycynum  was  given,  in  consequence  of  the  sweet  taste 
of  its  Salts.  Q^\vKV9.)  Vauquelin's  experiments  (a.) 
have  been  repeated  by  Klaproth,  (6.)  and  Ekeberg,  (c; 
and  Berzellus.  Glycyna  is  found  in  the  emerald,  beryl, 
and  euclase.  It  has  been  usual  to  write  this  word  Glu>* 
ciaa,  but  the  ordinary  laws  of  derivation  fbom  its  Greek 
source  require  that  it  should  be  Glycina,  or  even  in  still 
fpreater  strictness  Glycyna. 

(509.)  B.  To  obtain  this  earth,  the  mineral  contain- 
ing it  is  to  be  finely  powdered,  and  then  fused  with 
thrice  its  weight  of  potash.  To  the  fused  mass  add  a 
litUe  water^  and  then  dissolve  in  hydrochloric  Acid ; 
evapoffate  tbe  solution  to  dryness.  Add  then  abundance 
of  water,  and  filter  out  the  silica.  The  muriates  of 
Olycyna,  &c.  pass  through  in  solution.  Precipitate  the 
earths  by  carbonate  of  potash.  Wash  the  precipitate 
■well,  and  dissolve  it  in  sulphuric  Acid.  Then  to  this 
.aoluttDn  add  a  solution  of  sulphate  of  potash  ;  concen- 
Ivate  by  evaporation,  and  leave  the  Li(|uid  to  crystallize. 
Crystals  of  alum  are  thus  removed.  Wheu  as  many  of 
thaie  have  been  obtained  as  is  possible,  add  carbonate 
of  ammonia  in  excess,  filter  and  boil  the  Liquid  for 
JMMoe  time.  The  Glycyna  gradually  subsides  in  Uie  form 
of  a  white  powder. 

(510.)  C.  Glycyna  is  asoA,  white  powder,  infusible 

..save  by  the  Gas  blowpipe,  causing  neither  taste  nor 

smell,  but  adhering  to  the  tongue.     It  does  not  affect 

Vjegetable  colours,  is  insoluble  in  water,  but  forms  a 

paste  with  that  Liquid. 


(512.3 
combine. 
(513.) 
(514.3 


D.  E.-F.  G.  These  have  no  action  on  Glycyna. 
H.    With  the  simple  combustibles  it  does  not 
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I.  Nor  yet  with  the  metals. 
K.  Glycyna  4s  soluble  in  solutions  of  the 
fixed  alkalis  like  alumina.  It  agrees  with  yttria  in 
being  insoluble  in  ammonia,  but  soluble  in  its  car- 
bonates, though  in  a  much  greater  degree.  It  is  soluble 
also  -in  the  other  alkaline  carbonates.  Glycyna  readily 
combines  with  all  the  Acids,  and  even  the  hydrosul- 
phuric.  Its  Salts  are  for  the  most  part  soluble  in  water, 
but  the  greater  part  ere  not  crystallizable.  The  car- 
bonlrte,  phosphate,  seleniute,  and  succinate  are  insoluble. 
(515.)  L.  Prussiate  of  potassa  gives  a  white,  and 
infiision  of  galls  a  yellow,  precipitate  when  added  to 
the  solution  of  a  salt  of  Glycyna.  In  its  solubility  in 
potassa  and  soda;  Glycyna  resembles  alumina ;  but 
VanqueKn  showed  that  it  would  not  form  alum  by  add- 
ing potassa  to  its  liquid  sulphate :  and  further  by  the 
aweet  taste  of  its  Salts 'he  considered  it  clearly  distin- 
gufohed  from  that  earth.  It  differs  also  from  Yttria  iu 
not  forming  crystallizable  Salts,  in  not  being  soluble  in 
the  fixed  alkalis,  and  in  not  being  precipitated  by  ox- 
alate of  ammonia,  nor  by  tartrate  or  citrate  of  potash. 

References  to  §  3. 

(a.)  t  Vauquelin,  An.  de  Ch.  vol.  xxvi.^.  155,  and 
"uf  n%  dUist.  Nat.  vol..  xv.  p.*  858—^95.  (6.)  •  Klaproth, 
BHirage,  vol.  iii.  p.  215.  (c.)>  Ekeberg,  An.  de  Ch, 
voL  xliii.  p.  277,  or  Jour,  des  Mines^  vol.  xii.  p«  25. 


Sect.  TV.-^Thorimm. 

(5(16.)  >At  the  tnne  of  forming  the  outline  of  this 
Treatise,  it  vras  believed,  on  the  authority  of  Berselius, 
that  a  peculiar  earth  existed,  to. which  he  g^e  the  name 
of  Thorina  ;mnd  firom.auialogy.with  other  earths  it  was 
supposed  to  have  a  metallic  base,  which  would  of  course 
be  Thorinum.  Berzeltus  has,  however,  •subsequently 
found  that  this  supposed  earth,  of  which  he  had  only  a 
very  small  quuitity,  .was  a  phosphate  of  yttria.  Still 
more  recently  he  baa  obtained  aoKHher  earth,  which  he 
believes  to  be  simple,  and  propases  that  it  should  still 
continue  the  name  of  Thorina  among  the  earths.  At 
present,  howevcrt  very  little  is  generally  known  of  this 
substance. 

Sect.  V; — Aluminum. 

(517.)  The  experiments  of  Sir  H.  Davy  on  the  earth 
alumina  gcave  sufficient  evidence  of  the  existence  of  this 
Metal,  though  they  were  not  so  successful  as  those  made 
on  some  of  the  other  earths.  He  submitted  alumina 
fused  with  potash  to  Uie  action  of  Voltaic  Electricity,  and 
obtained  metallic,  globules,  consisting  chiefly  of  potas- 
sium, but  which,  when  carefully  separated  and  again 
oxidized,  afforded  both  potasb  and  alumina.  Results 
of .  the  same  nature  were  obtained  from  potassium  and 
from  mercury,  when  acted  upon  in  a  state  of  mixture 
with  alumina.  .  By  exposing  the  earth  at  a  white  heat 
to  the  vapour  of  potassium,  potash,  was  formed,  and 
among  the  alumina  there  appeared  small  particles  of  a 
grey  colour  and  metallic  lustre,  which  again  became 
white  on  exposure  to  the  air,  or  if  placed  in  water  ^^ 
composed,  it  producing  a  slight  efiervescence.  Alumina, 
a  well-known  earth,  the  oxide  of  thisMeUl,  will  be  de- 
actibed  in  the  followii^g  subsection* 
4x2 
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(518.)  A.  *'  Alum  is  a  salt  which  was  known  majty 
centunes  a^o,  and  employed  in  clyein^r.  thow^h  its  com- 
pontfit  parts  wore  unknown.  The  alchemists  discovered 
that  it  is  composed  of  su!phuric  Acid  with  an  earth; 
but  the  nature  of  this  earth  was  Ion!?:  vmknown.  Stahl 
and  Neuman  suppo^^ed  it  to  be  lime;  but  in  1728, 
Geoflroy,  jun.  proved  this  to  be  a  mistake,  and  demon- 
strated that  the  earth  of  al^m  cojistitutes  a  part  of 
clay,  (a.)  In  1754,  Marr^raaf  showed  that  the  basis  of 
alum  is  an  earth  of  a  peculiar  nature,  ditferent  from 
every  other;  an  earth  which  is  an  essential  ingredient 
ill  clays,  and  gives  to  them  their  peculiar  properties,  (6.) 
Hence  this  earth  was  called  Argil;  but  Morveau  after- 
wards £rave  it  the  name  o(  Alumina^  because  it  is  ob- 
tained in  the  stale  of  greatest  purity  from  alum.  The 
properties  of  Alumina  were  stiU  further  examined  by 
Macquer  in  175S  and  1762,  (c.)  by  Bergman  in  1767 
and  1771.  (f/.)  and  by  Scheele  in  1776  ;  (er.)  not  to  men- 
tion several  other  Chemists  who  have  contribiited  to 
the  complete  invesligatjon  of  this  snb'^tance,  A  very 
ingenious  Treatise  on  it  was  published  by  Saussure, 
jun.  in  1801/'  if.)  Tliomson,  S^st.  vol.  i.  p.  373. 

Alumina  forms  a  part  of  many  minerals.  It  exists 
pure  in  the  corundum  genus,  of  which  the  sapphire  and 
ruby  are  species;  owing  their  colours  only  to  very 
minute  portions  of  metallic  oxides.  Alumina  forms  the 
characteristic  ingredient  in  clays  and  marls,  and  it  is  to 
this  earth  that  they  are  indehted  for  their  plastic  pro- 
perties, 

(•jl9.)  B.  To  obtain  pnre  Alumina,  let  alum  be  dis* 
solved  in  about  twenty  times  its  weight  of  water,  then 
add  a  small  quantity  of  carbonate  of  soda  in  sohitiou 
to  precipitate  a  little  iron,  with  which  almost  all  alum  is 
contiuninated.  After  this  let  die  Liqtiid  be  filtered  into  a 
solution  of  pure  ammonia,  being  careful  to  keep  the 
latter  alkali  in  excess.  The  ammonia  unites  with  the 
sulphuric  Acid,  and  the  Alumina  f;dls  down  in  a  white 
fjucculent  precipitate,  which  must  be  well  washed  and 
dried.  According  to  Saussure  tliere  is  a  considerable 
difference  in  the  appearance  of  precipitatecS  Ahimina, 
arising  from  the  state  of  dilution  in  which  it  exists  in  its 
solution. 

(520.)  C,  Pure  Alumina  is  a  while,  bland  powder, 
adhering  to  the  tongue,  but  neither  exciting  smell  nor 
taste.  It  forms  a  paste  with  water:  is  infusible,  ex- 
cept by  the  flame  of  the  Gas  bloW'|>ipe.  There  is  a 
peculiar  smell  excited  by  breathing  upon  an  argilla- 
ceous limestone,  but  this  smell  depends  upon  the  simul- 
taneous presence  of  oxide  of  iron.  The  Specific 
Gravity  of  Alumina  is  2.0,  according  to  Kirwan.  When 
first  precipitated.  Alumina  is  a  hydrate,  hut  by  a  red 
heat  the  water  is  driven  offhand  the  chemical  properties 
of  the  earth  itself  undergo  some  change.  Ou  this 
subject  consult  Saussure^s  Memoir,  and  some  interesting 
recent  experiments  by  Thomson,  {g,} 

(&21.)  D  E.  F.  G.  H.  I.  With  the  substances  in 
tbe.se  classes  Alumina  does  not  combine, 

(522.)  K.  In  considering  the  action  of  Alumina  with 
the  bases*  we  may  first  notice  its  ready  power  of  union 
with  other  earths  by  fusion.  From  this  property  arises 
much  of  its  utility  in  the  Arts.  Thus  it  unites  with 
lim'e,  barytes,  strontia,  magnesia,  and  silica,  and  pro- 
bably would  do  so  witli  the  other  similar  bodies.  With 
those  named  it  combines  both  in  the  humid  and  dry 
way.     The  affinity  for  barytes  is  very  marked,  for  it 


communicates  to  Alumina  a  degree  of  solability  l>eyord  1^ 
that  which  is  natural  to  it,  so  that  when  equal  parUnfv^ 
these  earths  are  boiled  in  water,  both  are  dissoHed. 
Vauquelin  states  that  if  barytic  water  be  added  lo  4  , 
solution  of  muriate  of  Alumina  a  precipitate  falls  cot^ 
sisling  partly  of  both  earths.  (A.)  This,  hoWCTer,  I 
denied  by  Chenevix  and  Darracq*  The  effect  of  stroRliiJ 
is  analogous,  for  if  five  parts  of  this  earth  be  boiled  wiikj 
one  of  Alumina,  a  portion  of  Aluniina  is  rcndt-redl 
soluble,  while  another  portion  remains  in  the  state  of  i 
insoluble  compound  of  strontia  and  Alumina.  Sch 
observed,  that  when  Alumina  is  added  to  lLme-w»lef.| 
an  insoluble  compound  of  the  two  earths  is  precipitfttfij 
Chenevix  found  that  if  a  solution  of  potash  be  hmld 
on  a  mixtureof  lime  and  Alumina,  the  laUer  is  dissolved; 
together  with  a  greater  proportion  of  lime  than  is  dm 
to  the  solvent  power  of  the  water  alone  :  while  if  tbe 
alkaline  solution  be  boiled  on  lime  alone,  no  more  lime 
is  dissolved  than  is  due  to  the  water  of  ihe  solution;  t 
proof  that  the  solvent  power  of  the  water  ovd  the  liiiie 
is  promoted  hy  the  Alumina. 

By   the   intense  heal  of  the   Gas    blow-pipe»  or  of 
oxygen  alone*  Alumina  and  hme  may  be  fused  togethn 
when  the  Alumina  is  in  excess:  but  Alumina  and  mi*- 
nesia  will   not  run  together  at  any  heat,  accordinu  tt> 
Kirwan  and  Guy  ton.     There  is,  however,  some  a^ffimtj 
between  Ahmiiua    and  magnesia,  for   magnesia  alooc 
cannot  be  entirely  precipitated  from  any  of  its  solutiod 
by  amnion  ia»  while  if  Alumina  be  pre  sent   its  precipiti*^ 
tion  is   compkte.      Thus    Chenevix   found,  that  if  r 
excess  of  Ammonia  be  added  to  a  solution  of 
of  magnesia,  mixed  with  a  large  proportion  of  i 
of  Alumina,  nothing  remained  in  solution  but  i 
of  ammonia  ;   the  two  earths  being  precipitated  in  C«»^ 
bi nation,  and  their  mutual  alfiniry  w%s  even  sufBcwnt 
to  resist  the  action  which  potash  exerts  ou  idumiBOui 
earth. 

The  mutual  attraction  between  silica  and  Alumiiiil 
shovvu  by  an  experiment  of  Morveau,  in  which*  wheal 
solutiou'of  silicate  of  potash  and  of  Alumina  audpota^ 
are  mixed,  the  two  earths  are  precipitated  in  comtwBr| 
tion,  by  which  the  properties  of  each  are  modifieff.  So 
also  at  a  very  intense  heat  this  aftiuity  is  developed  bj 
the  earths  entering  into  fusion  and  forming  a  mSi} 
glass  or  enamel.  . 

Ahimina  unites  also  with  some  of  the  metallic o«o<i 
by  fusion,  forming  enamel  of  ditlereut  colours. 

Acids  dissolve  Alumina  with  ease,  especially  whcoit 
has  been  recently  precipitated.  The  Salts  thusfonne<l 
are,  fur  the  most  part,  soluble  in  water,  and.  genenllf 
speaVing,  their  tendency  to  crj'stallizatioti  is  small.  Tbi 
arseniate,  seleuiate,  tungstate,  mallate,  urate,  saclactate, 
are  insoluble  ;  but  for  the  properties  of  these  SalU  « 
must  refer  to  the  more  extended  chemical  systems* 

There  is,  however,  one  salt  of  Alumina  of  too  grw^ 
commercial  importance  to  he  passed  by  without  f 
notice.  Alum  is  a  triple  compound  of  Alumio 
phuric  Acid,  and  any  one  of  the  three  alkalis] 
with  some  water  of  crystallization.  Of  this  si 
are  four  varieties.  We  couid  have  wished  hcrcloite* 
scribe  more  fully  the  natural  and  chemical  history  <rf» 
substance  so  extensively  employed  in  numerous  Arts, 
but  our  space  not  permitting,  we  refer  the  reader  to  «ii 
excellent  synoptic  view  of  the  subject  given  in  Fnftsem 
Thomson*s  System,  vol  ii*  p.  537. 

(523.)  L.  One  of  the  marked  properties  of  tbe  m* 
niinous  Salts  is  that  they  have  iu  general  a  sweet  tisti, 


•  too  P^^ 
[»ut  fuftij^H 
mioU^I 
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.  like  those  of  glycyna*  They  are  not  precipitated  from 
'  their  Polulions  by  oxalate  of  ammonia,  nor  by  tartaric 
Acid,  which  distinpfuishes  them  from  those  of  yttria. 
They  are  not  precipitated  by  prussiate  of  potash,  nor  by 
titiclure  of  gtills,  in  which  respect  they  differ  from  the 
satts  of  jrlycyiia  and  yttria.  If  stdphuric  AcitI  and  then 
Ridphiite  of  potash  be  added  to  a  salt  of  Alnmina,  and 
the  mixture  be  left  at  rest,  crystals  of  alum  speedily  form 
therein.  Phosphate  of  ammonia  prodnces  a  white  pre^ 
cipitate  ;  and  hydriod.ite  of  potatih  a  white  floccylent 
precipitate,  which  speedily  becomes  of  a  permanent 
yeilow  coh>iir. 

(524.)  M.  The  uses  of  Alumina  and  its  compounds 
in  the  Arts  and  Manufactures  are  both  numermis  and 
important.  Every  variety  of  porcelain  consists  of  some 
combination  of  arj^illaceons  and  sihcious  earths  ;  ihoui^'h 
in  the  coarser  kinds  of  pottery,  sand  and  other  impnri- 
ties  enter  in  considerable  proportions.  Sihca,  it  is  true, 
generally  predominntes  even  in  the  best  porcelain  clays, 
yet  it  is  upon  the  Ahimina  that  the  essential  properties 
of  the  compound  depend.  It  is  to  this  latter  earth  that 
the  clay  owes  ductility  in  working-,  and  tenacity  in 
baking-. 

Generally  speaking-,  the  native  porcelain  clays  increase 
in  value  in  proportion  to  their  pnrity.  If  more  than 
five  or  six  per  cent,  of  iime  be  present,  the  clay  becomes 
too  fusible  j  if  too  g-reat  a  proportion  of  oxide  of  iron 
be  present,  the  porcelain  acquires  a  red  or  brown  tint 
when  it  is  baked. 

Of  the  porcelain  clays  the  kaolin  and  petunze  of  the 
Chinese  are  the  most  celet>rated.  Accord in^j  to  the 
lUialysis  of  Vanqnelin,  the  former  consists  of  silica  74, 
Alumina  14.5,  lime  5.5.  The  purest  clays  that  have 
beeri  discovered  in  Euro[>e  result  from  the  natural  de- 
composition of  rocks,  containing-  a  larg-e  proportion  of 
feldspar.  Such  is  the  Cornish  clay  which  is  sent  to 
Sv.'aiisea,  Worcester,  and  Coalhrook  Dale.  Magnesia 
seems  also  to  be  applicable  to  the  same  purpose,  for 
Giobert  found  that  a  clay  which  had  long  been  used 
with  success  in  the  manufacture  of  porcelain »  con- 
sisted almost  entirely  of  silica  and  carbonate  of  mag- 
nesia. 

The  colours  on  porcelain  result  from  the  fusion  of 
certain  metallic  oxides  ;  thus  the  purple  precipitate  of 
cassius,  a  preparation  of  pfold,  produces  the  carmine 
colour ;  and  with  a  larger  proportion  of  lead  In  the 
flux,  the  same  substance  gives  a  purple.  Peroxide  of 
iron  produces  rose-red  ;  white  oxide  of  antimony  mixed 
wth  oxide  of  lead  and  silica  gives  a  yellow ;  oxide  of 
cobalt,  blue ;  oxide  of  copper,  green ;  and  various 
shades  of  brown  arise  from  nsing  different  proportions 
of  the  oxides  of  manganese,  copper,  and  iron.  The 
p-ildiiig  upon  china  is  pertj:>rmed  by  laying  on  the  gold 
g-rouud  down  to  an  extremely  miniite  state  of  division 
ill  a  varnish  of  borax  and  gum- water,  which  is  fixed 
in  burning  by  the  fluxing  properties  of  the  borax,  and 
afterwards  polished  with  the  burnisher. 

Crucibles  and  retorts  are  formed  from  a  clay  contain- 
ing much  oxide  of  iron  ;  and  the  Hessian  crucible  clay 
<!onsisls,  according  to  Vauquelin,  of  silica  69,  Alumina 
21.5,  charcoal  1,  oxide  of  iron  S.O.  The  singular  pro- 
perties of  alum  are  taken  advantage  of  for  the  follow- 
ing purposes.  To  render  wood  fire-proof,  whicli  it 
clfecls  to  a  very  considerable  extent.  It  will  aid  the 
Reparation  of  the  serous  and  watery  parts  of  cream  in 

Cer.     Tlie  chandlers  add   it  to  tallow,  for 
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and  lackering  on  copper  and  brass.     It  possesses  a 

singular  property  in  clearing  turbid  water,  by  producing 
a  precipitate  which  settles  to  the  bottom.  It  is  used  in 
tanning  and  dyeing  the  finer  kinds  of  morocco  leather. 
In  dyeing  cotton  goods  also  it  is  of  essential  importance, 
as  it  both  ]>repares  the  vegetable  fibre  for  receiving  the 
colours,  and  aids  the  formation  of  an  actual  chemical 
combiwatiou  between  its  own  base,  the  colouring  matter, 
and  the  cotton  that  is  to  be  dyed.  In  Medicine  it  is 
applied  both  internally  and  externally  as  an  astringent. 
It  adds  to  the  tenacity  of  bookbinders'  paste,  und  helps 
to  preserve  it. 

The  last  of  the  nses  of  alum  to  which  we  shall  advert, 
is  in  the  formation  of  that  singular  substance  Horaberg's 
Pyrophorns. 

(,125.)  **  Let  three  parts  of  alum  and  one  of  flour 
or  sugar  be  melted  together  in  an  iron  ladle,  and  the 
mixture  be  dried  till  it  becomes  blackish  and  ceases  lo 
swell  ;  if  it  be  then  pounded  small,  put  into  a  glass 
phial,  and  placed  in  a  sand-bath,  healed  till  a  blue  flame 
issuer  from  the  mouth  of  the  phial,  and,  after  burning 
for  a  minute  or  two,  be  allov%*ed  to  cool,  this  substance 
is  obtained.  It  has  the  pro|>erty  of  catchiug  fire  when- 
ever it  is  exposed  to  the  open  air,  especially  if  the  air  be 
moist.'*  Such  is  Dr.  Thomson's  recipe,  and  we  have 
frequently  followed  it,  generally  with  success.  Instead 
of  a  glass  phial  we  place  the  mixture  in  a  half-pint 
cucurbit,  with  a  bit  of  glass  tube  luted  into  the  mouth 
after  the  cucurbit  is  filled.  The  whole  is  submitted  lo 
a  low  red  heat  in  a  crucible  of  sand,  placed  within  a 
small  portable  furnace.  A  blue  flame  issues  from  the 
orifice  of  the  glass  tube  which  may  be  suffered  to  burn 
for  a  quarter  of  an  liour.  The  wlude  sliould  then  be 
withdrawn  from  the  fire,  and  tlie  tube  closed  with  a 
piece  of  lute.  When  the  whole  is  cool,  the  pyrophorus, 
a  black  pulverulent  substance  with  some  hnnps,  should 
be  rapidly  transferred  to  a  dry  stoppered  bottle,  and 
most  carefully  preserved  from  tlie  air.  In  tins  manner 
we  have  kept  it  good  for  years,  opening  it  only  occa- 
sionally. If  the  pyrophorus  does  not  ignite  speedily 
when  taken  from  the  phial,  the  mere  process  of  breath- 
ing on  it  will  fre*ptently  cause  a  vivid  ignilion. 

Ilomberg  discovered  this  substance  accidentally  about 
the  commencement  of  the  XVI i  1th  century.  Its  sin- 
gular properties  have  excited  the  attention  of  many 
Chemisls;  and  Davy  has  made  it  appear  that  the  igni- 
ferous  property,  for  inflannnable  we  ought  nut  to  say, 
depends  upon  a  .small  quantity  of  potassium  which  is 
produced  from  the  decomposition  of  ^the  potash  in 
making  the  pyrophorus. 

References  to  §  5. 
(a,y  Mem,  Mad.  Par,  1728,  p.  303.  (6  )  Aft'm. 
Acad.  Berlin,  1754  and  1759.  (c.)  Mem,  Acad,  Par, 
I7i*8,  (d.y  Bergman,  Opim,  vol.i.  p.  287,  and  vol.  v. 
p.  7L  {e,}  Scheele,  Essay$,  vol.  i.  p.  191.  (/)  Jour. 
dePhys,vo\.  lii  p.  2S9.  (g,)  Fird  Prineipiaf,  vol.i. 
p.  315.  (A.)  Vanquelin,  An,  dtHisL  Nat  vol.  xv.  p.  13. 
(i.)  Chenevix,  PhiL  Tram.  18fJ2.  p.  34(i. 

SecL  VL — Magnesium. 

(526.)  For  the  discovery  of  tliis  base  we  are  indebted 
to  that  elaborate  series  of  researches  made  by  Sir  H. 
Davy  on  the  earths  and  alkalis  in  general. 

When  Magnesia,  the  oxide  of  this  Melal,  was  submit- 
ted to  galvanic  action  in  its  pure  state,  less  effect  was 
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Chemiitry.  produced  than  upcm  the  other  alkaline  earths.     This 
s^ms^m^  was  attributed  to  its  very  imperfect  conductinflf  power, 
arising  out  of  its  insolulnliiy.     To  avoid  this  difficulty, 
solutions  of  the  sulphate,  or  nitrate  of  Magnesia,  were 
.    galvanized  in  contact  with  mercury.      Decomposiciou 
then  took  place  ;  an  amalgam  of  mercury  and  Magna- 
aium  was  formed.     Sir  H.  Davy  eiperienoed,  how 
ever,    some  difficulty  in  attempting  to   separate  the 
Magnesium  from  the  mercury,  by  distilliag  off  the  latter 
in  a  tube  filled  with  the  vapour  of  naphtha,     lite  glass 
of  the  tube  was  acted  upon,  so  that  he  was  •obliged  at  a 
certain  period  of  the  experiment  to  desist.     Davy,  how- 
ever, obtained  a  Solid,  having  the  same  general  metallic 
appearance  as  the  Metals  from  the  other  earths  had. 
*•  It  sui.k  rapidly  in  water,  though  surrounded  by  glo- 
bules of  Gas,  producing  Magnesia,  and  qukkly  changed 
in  air,  becoming  covered  with  a  white  crust,  and  falling 
into  a  fine  powder,  which  proved  to  be  Magnesia.''  (a.) 
In  a  subsequent  experiment,  potassium  was  passed 
over  Magnesia  at  a  high  temperature,  and  quicksilver 
introduced  into  the  tube  while  hot.     Thus  an  amalgam 
was  obtained,  from  which  the  potassium  was  abstracted 
by  the  action  of  water.     Thus  a  solid  white  metallic 
mass  was  obtained,  which,  by  exposure  to  the  air,  be- 
came covered  with  a  dry  white  powder ;  and  by  the 
action  of  hydrochloric  acid,  hydrogen  was  evolved  in 
considerable   quantity,  and   a    solution  of  Magnesia 
obtained. 

With  Magnesium,  oxygen  combines  to  form  the  earth 
under  examination,  in  the  following  subsection ;  and  it 
ifl  supposed  to  combine  also  with  chlorine,  as  will  there 
be  noticed.  It  seems  to  be  beyond  a  doubt,  that  if  ob- 
tained in  sufficient  quantity,  it  would  be  found  to  pcra- 
tess  all  the  ordinary  characteristic  properties  of  the 
metallic  bodies. 

SuUect.  1.— -AfagneMo. 

(527.)  A.  «•  About  the  beginning  of  the  XVnith 
cefntury,  a  Roman  Canon  exposed  a  white  powder  for 
sale  at  Rome,  as  a  cure  for  all  diseases.  This  powder 
he  called  Magnesia  Alba.  He  kept  the  manner  of  pre- 
paring it  a  profound  secret ;  but,  in  1T07,  Valentine 
informed  the  public  that  it  might  be  obtained  by  cal- 
cining the  lixivium  which  remains  after  the  preparation 
of  nitre :  (6.)  and,  two  years  afterwards,  Slevogt  dis- 
covered that  it  might  be  precipitated  by  potash  from  the 
mother  ley  of  nitre.  This  powder  was  very  generally 
supposed  to  be  lime,  till  F.  Hoffman  observed  that  it 
formed  very  different  combinations  with  other  bodies, 
(c.)  But  little  was  known  concerning  its  nature,  and 
it  was  even  confounded  with  lime  by  most  Chemists,  till 
Dr.  Black  made  his  celebrated  experiments  upon  it  in 
1755.  Margraaf  published  a  dissertation  upon  it  in 
1759 :  (d.)  and  Bei^gman  another  in  1775,  in  which  he 
collected  the  observations  of  these  two  Philosophers ; 
and  enriched  them  by  adding  many  observations  of  his 
own.  (e.)  Bntine  of  Geneva  likewise  published  a 
valuable  dissertation  on  it  in  1779."  (Thomson.) 

Magnesia  exists  naturally  as  a  constituent  part  of 
several  minerals  and  rocks.  It  seems  to  communicate 
to  all  the  steatite  family  their  peculiar  soapy  feel.  It 
forms  a  part  of  the  saline  ingredients  of  sea-water,  and 
its  sulphate  forms  the  chief  active  principle  of  many 
of  the  natural  saline  springs,  so  much  the  resort  of 
invalids. 
•  (528.)  B.  Pure  Magnesia  may  be  obtained  by  dis- 


solving aulpbate  of  Magnesia  in  hoi* water,  aad  tiien  I 
adding  to  the  filtered  solution,  while  yet  hot,  a  aolntion  «« 
of  carbonate  of  potash  or  soda,  as  long  as  any  preci- 
pitate appears.  The  process  is  aided  by  gently  boiling 
the  Liquid.  Thus  we  obtain  a  pure  carbonate  of  iMig*- 
nesia,  which  may  be  decomposed  by  a  red  heat*  leaving 
pure  Maguesia :  heoce  sometimes  called  Caieumd  Mag- 
nma. 

(529.)  C.  Magnesia  is  a* white,  light  poiider,  floftia 
the  touch,  without  smell,  and  poasesahig  mAy  aimtkr 
bitter  taste.  It  slightly  changes  the  vegcial^e  bluet  4i 
green.  It  is,  perhaps,  the  most  infusible  of  tba  cortha 
Dr.  Clarke  succeeded  in  melting  it  by  the  flame  of  ll» 
Gas  blowpipe,  though  with  difficulty.  Pure  Magooil 
is  only  soluble  in  IGOO  times  its  weight  of  water,  aeoonlk 
ing  to  Dalton.  When  precipitated  it  retains  tone  piP» 
tion  of  water  by  a  feeble  affinity,  thus  eoostitutiiif^ii 
hydrate.  There  is  also  a  native  hydrate  eolitainiiigidiiCf 
per  cent,  of  water. 
(530.)  D.  None. 

(531.)  £.  If  Magnesia  be  heaUd  in  chlorine  Gii,it 
decomposition  takes  place,  oxygen  is  evolved*  and  dil* 
ride  of  Magnesium  is  formed.     The  chlorine  absoiMii 
double  the  volume  of  the  oxgyen  Gat  evolved,    ^iki 
water  is  added  to  this  compound,  we  have  aif  ell4a0m 
salt,  which  forms  apart  of  the  sea  and  many  mmmA 
waters.    This  salt,  long  oidled  muriate  of  Megnesiar'iib 
in  fact,  a  hydrate  of  the  chloride  of  Magnesimn,    M 
a  very  deliquescent  salt,  soluble  in  twice  its  wc%lii:tf 
alcohol,  (0.817,)  and  in  half. its  weight  of  waiter.  >Wki 
strongly  heated,  the  water  is  dissipated^  and  in  paitd^ 
oomposed.     The  hydrogen  and  chlorine  escape,  '^^ll 
the  oxygen  remains  with  the  Metal  to  form  Magaedt.  ^ 
(53^.)  F.  Unknown. 

(533.)  G.  M.  Gay  Lussac  formed  the  iodide  Mkt 
nesium,  but  its  properties  are  little  known. 

(534.)  H.  With  the  exception  of  si^phur,  it  doeHMt 
appear  that  any  action  takes  place  between  the  Ma* 
metallic  electro-positive  elements  and  MagpMiia.  ddp 
phur  combines^  but  not  very  intimately*  withMagn«hi 
when  the  former  is  fiised  in  contact  with  it ;  or  win 
the  two  are  boiled  together  in  water.  Hydrosulphvit 
Acid  Gas  when  passed  through,  which  has  Magaedt 
suspended  in  it,  dissolves  a  small  portion  of  the  eailh} 
but  the  properties  of  this  compound  are  little  Mnderiloaii 
(535.)  I.  With  this  class  of  bodies  Magnesia  haa«t 
action,  save  that  which  has  been  already 
•under  Magnesium.  (526.) 

(586.)  K.  With  those  metalKc  oxides  tbaii 
the  part  of  bases.  Magnesia  has  no  action.  With^llM 
Acids  Magnesia  readily  combines  as  a  base.  Its  Sail 
are  in  general  of  high  solubility  in  water,  and  haver  ftr 
the  most  part  a  disagreeable,  aaline-bitter  taste.  Thiqf 
are  crystal  I  izable,  but  our  space  will  not.pennitad»' 
tailed  description  of  them.  The  carbonate  ftadsuJphiAt 
are,  however,  too  important  to  be  altogether  jpaMsd 
over  in  silence. 

(537.)  The  Carbonate  of  Magnuia^  for  Bnedicaliise, 
is  prepared  as  directed  in  Art  (528.)  In  this  state.it 
is  a  white  powder,  but  having  excess  of  base,  selhit 
it  is  not  neutral.  If,  however,  this  powder  be  diffitued 
through  water,  and  a  current  of  carbonic  Acid  (Sas  be 
passed  through  the  Liquid,  saturationis  effected,  and  Ihe 
powder  is  dissolved.  The  neutral  salt  thus  formed,  my 
be  obtained  by  evaporation  in  the  form  of  transpaieol 
hexagonal  prisms  with  plane  summits.  The  carboMit 
of  Magnesia  of  commerce,  consists  of  the  first  vaiif|y» 


and  is  according  to  Thomson  generally  conlaTntnated 
nViih  some  sulfjliete  of  lime. 

(53S,)  Htilphate  of  Mii«:nesia  was  ori^iimlly  procured 
by  cvaj>oratin^  the  mineral  sprinpf  which  rises  at  E[)F»om 
m  Surrey;  hence  it  acquired  the  name  of  Epsom  Salt. 
**  Some  accoiml  of  it  was  published  by  Grew,  in  1675  ; 
and*  in  1723,  Mr.  Brown  pnblished  a  description  of  ihe 
process  emplnyed  in  extracting  it  from  the  mineral 
water,  and  in  purifying-  it.  (/.)  In  Italy  it  is  mann- 
factured  from  schistose  minerals,  containing  sulphur  and 
^lagnesia.^'  (g-.)  It  exists  in  considerable  quantity  in 
sea-water;  and  theuncrystalhzed  residyiim  in  the  salt- 
pans after  all  the  common  salt  is  crystallized,  consists 
partly  of  this  sail  dissolved  io  water.  This  residuum  is 
usually  called  BiUern ;  and  sometimes,  in  Scotland, 
Spirit  of  Salt  (h.)  In  England  that  term  is  applied  to 
hydroehloric  Acid* 

Sulphate  of  Ma^esia  is  soluble  in  its  own  wei^t  of 
Water  at  GO^  Fahrenheit;  and  a  mnch  lessqiiautity  if  the 
water  boils.  When  exposed  to  the  air  it  is  efflorescent ; 
and  by  heat  it  is  fusible  ;  the  water  of  crystallization  is 
then  gradually  driven  otf*  but  the  actual  decomposition 
of  the  salt  cannot  be  effected  by  any  elevatinn  of  tem- 
perature. Thomson  suppo.ses  the  crystallized  salt  to 
contain  seven  atoms  of  water, 

C&39.)  L,  The  most  characteristic  property  by  which 
the  salts  of  Magnesia  are  recofr-nised,  is  that  by  adding 
a  sokition  of  phosphate  of  soda  ;  no  precipitate  is  pro- 
duced :  but  then  if  ammonia  also  be  added,  a  white  jireci- 
^       pitate  tails  down, which  is  a  dnuble  phf>spbate  of  ammonia 
^       aoil   Magnesia.     Tlie  delicacy  of  thi^   test,  whicli  wiis 
pointed  out   by  Dr.  VVollastmi,  is  so  g:reat,  tfiat  an  ex- 
tremely minute  portion  of  Maj^ncsia  may  be  detected  by 
IL      If  the  experiment  be   made  in  a  watch-glass,  it  is 
advisable  to  rub  the  point  of  a  «rlass   rod  against  tlie 
surface  of  the  glass  within  the  solutiom     This  aids  the 
,,     deposition^  and  tlic  precipitate   appears   in  white   lines 
K  wheresoever  the  rod  has  passed. 

^1  Sulphate  of  soda  occasions  no  precipitate  in  a  mag- 
^B  iiesian  salt,  but  the  alkalis,  or  their  carbonates,  produce 
H  a  white  flocculent  precipitate. 

Vrussiate  of  ptjtash  throws  down  no  precipitate  from 
a  solution  of  any  salt  of  Magnesia  :  those  excepted  which 
''     are  furmed  by  ihe  metallic  Acids. 

^    f^^^^'^  ^^^  Magnesia  is  largely  employed  in  Medicine. 
■•    The  sulphate  is  a  cooling  purgative  ;  and  the  carbonate, 
0    Or  the  pure  earth,  is  used  as  a  purgative  and  antacid. 
f  References  to  §  6. 

p#f        (a.)  Davy,  PktL  Tram.   180S  ;  (6.)  ThesU  de  Mag^ 
^    ftetia  Alba;  (c.)  06*.  Phys,  Chfm.  ITisi,  p.  105   and 
s.    P'  171  ;  (d.)  Opitftc,  vol  ii.   p.  20  ;   (e.)  Opiuc,  vol.  I 
$■   /'-^eS;  (/)  Brown,  PhiL  Trans,  vol.  xxxii.  p.  348  j 
y[f'>   -H/i.  de  Ch.  vol   xlviii.   p.  80  ;  Gehlen,  Jour,  vol 
rj'\r*-    ^49;     Holland,    PhU    Trmi^,    1816.    p.    294; 
^^>     •Thorns.  Syst,  vol.  il  p.  521. 
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METALS.     CLASS  II, 

Sect.  IL — Calcium. 

41.)  A.  Tins  melal  was  one  of  the  discoveries  of 
^^^y*  made  by  means  of  the  Voltaic  battery, 
,»  ^^42.)  B,  It  may  be  nbtained  by  forming  a  paste  of 
^^ ,  or  of  sulphate  of  lime  mixed  with  water  into  a  cup, 
?^^ch  is  then  to  be  placed  on  a  metaUic  dish.  Mercury 
i^JJ^^ured  into  the  cup.  and  connected  with  the  nega- 
\m^^t  extremity  of  the  oilc  ;  while,  at  the  same  time,  ihe 


positive  wire  is  made  to  touch  the  melollicdisb.  Thus 
in  time  an  amalgam  of  mercury  and  Calcium  is  formed, 
and  is  to  be  put  into  a  small  retort,  with  a  little 
naphtha  to  cover  it.  The  retort  is  to  be  connected  with 
a  tubulated  receiver  loosely  corked.  By  heal  the 
uaphtlia  rises  in  vapour  so  as  to  fill  the  vessels  ;  the 
mercury  next  comes  over;  and  the  Calcium  remains 
within  an  atmosphere  of  naphtha. 

(S>43.)  C.  This  Metal  appears  to  have  the  colour  and 
lustre  of  silver,  but  its  other  physical  properties  arc 
unknown. 

v544,)  D.  The  instant  that  atmospheric  air  is  admitted 
to  Calcium^  the  Metal  absorbs  oxygen,  and  burns  with 
an  intense  while  light*  again  returning  to  the  slate  of 
litne.  Lime  is  the  protoxide  of  Calcium*  See  sub> 
sect.  1. 

(545.)  A  superior  oxide  of  Calcium  is  formed  by 
passing  oxygen  Gas  over  ignited  lime;  the  Gas  is  ab- 
sorbedf  and  this  oxide  results,  but  its  exact  atomic  con- 
stitution is  unknown. 

(546,)  E.  If  lime  be  heated  in  chlorine  Gas,  one 
volume  of  chlorine  is  absorbed,  and  hsilf  a  vobirne  of 
oxygen  being  evolved,  the  chloride  of  Cakium  is  formed. 
It  is  also  produced  by  fusing  hydrochlorate  of  lime  at  a 
red  heat.  By  addition  of  water  the  hydrochlorate  is 
again  fitrmcd, 

(547,)  F.  The  substance  to  bo  hereafter  mentioned 
as  tluate  of  bme,  is  by  same  Chemists  supposed  to  be  a 
true  fluoride  of  Calcium. 

(548.)  G.  lodifle  of  Calcium  is  formed  by  evaporating 
bytlriodate  of  Calt-ium  to  dryness,  and  fusing  the  rcsi- 
dnuuL 

(549.)  H.  The  existence  of  compounds  of  sulphur 
and  jihosphorus  wilh  Calcium  seems  to  be  sufficiently 
well  established.  The  pbosphutet  is  formed  by  taking 
a  glass  tube,  fourteen  inches  in  length,  and  one-ihird  of 
an  inch  in  diameter,  closed  at  one  end,  and  well  coated 
with  cVy,  excepting  an  inch  at  the  closed  end.  Into 
this  is  put  a  dmchin  or  two  of  phosphorus  :  (fie  tube  is 
then  filled  with  fragments  of  fresh  burnt  lime  as  targe 
as  peas:  the  moutfi  of  the  tube  may  be  ioosely  stopped 
wilh  paper,  and  its  body  passed  through  a  table  furnace, 
and  heated  to  redness.  A  spirit-lamp  is  then  appii**d  to 
the  sealed  end,  so  as  to  fuse  and  volatiliiie  the  phos- 
phorus. The  vapour  passing  over  the  beated  lime  de- 
composes it,  and  a  phnsphurct  of  Calcium  results.  This 
substance  was  long  called  phospburet  of  lime  :  it  forms 
an  amusing  experiment  by  dropping  a  small  piece  of  it 
into  il  glass  of  water.  In  a  short  lime,  fjubbles  of 
pfmspfiuretted  hydrogen  Gas  rise  through  ihe  water  and 
explode  on  reaching  the  surface. 

The  sulphuret  of  Calcium  was  formed  by  Berzelius, 
who  passed  a  current  of  sulphuretted  hydrogen  over  red- 
hot  lime.  Tfie  hydrogen  of  tlie  Gas  united  witli  the 
oxygen  of  the  lime  to  form  water,  and  the  sulphur  united 
with  the  Calcium, 

(550.)  I.  Calcium  would  doubtless  unite  with  other 
Metals  ;  hut  this  and  many  other  of  its  properties  have. 
as  yet  been  little  studied, 

Subaed.  1. — Lime, 
(551.)  A.  The  nature  of  this,  tht-  protoxide  of  Cal- 
cium, has  been  already  explained  in  Art  (542.)  Il 
does  not  exist  pure  in  Nature,  from  its  great  affinity  for 
water  and  carbonic  Acid.  But,  in  the  slate  of  a  car- 
bonate, it  forms  ime  of  the  most  abundant  aud  important 
siibslances  in  Nature.    Whole  mountaiusand  vast  tracts 


698 


CHEMISTRY. 


CbjiRiii'tiy.  of  country  consist  of  immense  strata  of  this  carbonate 
in  various  states  of  purity,  and  deposited  at  difierent 
epochs  in  the  existence  of  our  Earth.  Hence  it  is  that, 
as  it  is  slightly  soluble,  there  are  few  springs  of  water, 
however  pure,  that  do  not  contain  some  Lime. 

(.552.)  B.  Lime  is  readily  obtained  by  the  calcination 
of  common  limestone,  in  which  the  water  and  carbonic 
Acid  are  driven  off:  but  as  this  will  contain  an  admix- 
ture of  other  earths  and  metallic  oxides,  it  is  necessary 
for  chemical  purposes  to  employ  pure  pellucid  Iceland 
crystal,  or  the  whitest  Carrara  marble.  Oyster-shells 
also  afford  good  Lime. 

(553.)  C.  Lime  is  a  white  pulverulent  earth,  not 
fusible,  save  by  the  heat  of  the  Voltaic  pile,  or  of  the 
Gas  blow-pipe.  Specific  Gravity  =  2.8.  It  is  not  vo- 
latile. With  water  it  presents  several  singular  pheno- 
mena. If  this  fluid  be  sprinkled  on  fresh  caustic  Lime, 
g^eat  heat  is  produced  and  the  water  entirely  disap- 
pears, entering  into  combination  to  form  a  solid  hydrate 
of  Lime.  Mr.  Dalton  estimates  the  heat  produced  on 
such  an  occasion  at  800^  Fahrenheit.  Pelletier  even 
states  that  light  is  evolved,  so  as  to  be  seen  in  a  dark 
place.  Lime  absorbs  moisture  from  the  atmosphere 
and  falls  to  powder.  This  earth  is  slightly  soluble  in 
water,  perhaps  to  about  the  extent  of  l-700ih  part; 
l-752d  according  to  a  careful  experiment  made  by  Mr. 
R.  Phillips.  Mr.  Dalton  has  shown  that  in  the  case  of 
Lime,  cold  water  is  capable  of  taking  up  more  than  hot 
water,  as  seen  by  the  following  Table : 

at  60*.  at  130<»  at  212» 
Grains  of  water  to  dissolve  one  grain 

of  Lime 778     972      1270 

Grains  of  water  to  dissolve  one  grain 

of  hydrate  of  ditto 584     720       952 

Lime-water  possesses  alkaline  properties.  *  When  ex- 
posed to  the  air,  the  Lime  unites  with  carbonic  Acid 
and  is  precipitated.  Gay  Lussac,  however,  procured 
crystals  of  pure  Lime,  by  placing  a  vessel  of  Lime-water 
with  sulphuric  Acid  under  an  exhausted  receiver.  The 
crystals  contained  one  atom  of  Lime  +  one  atom  of 
water,  (a.) 

(554.)  D.  None. 

(555.)  E.  The  combination  of  chlorine  with  Lime  is 
one  of  great  importance  from  its  extensive  application 
in  the  process  of  bleaching.  If  slaked  Lime  (the  prot- 
hydrate)  be  passed  through  a  sieve  in  the  state  of  fine 
powder,  and  then  placed  in  contact  with  chlorine  Gas, 
the  Gas  is  absorbed  with  great  avidity,  much  heat  being 
evolved.  When  the  Lime  has  taken  up  all  the  chlorine 
that  it  is  capable  of,  it  appears  a  dry  white  powder, 
known  in  commerce  by  the  names  of  bleaching  powder, 
or  oxymuriate  of  Lime. 

It  consists,  in  fact,  of  Lime,  chlorine,  and  water;  and 
probably  in  the  proportions  of  1,  2,  and  6  atoms  of  these 
elements.  This  powder  is,  in  fact,  a  subchloride  of 
hydrate  of  Lime.  Dr.  Thomson  calls  it  dichloride  of 
Lime,  but  no  one  name  has  met  with  universal  adoption. 

This  substance  is  soluble  in  water  to  a  considerable 
extent.  By  heat  it  is  decomposed ;  the  water  first  pass- 
ing off*;  then  decomposition  of  the  Lime  takes  place, 
oxygen  Gas  is  evolved,  and  chloride  of  calcium  is  formed. 
The  purity  of  this  substance  being  of  great  importance, 
has  engaged  the  attention  of  our  most  eminent  Chemists, 
as  will  be  seen  from  the  reference.  (6.) 

(5.56.)  P.  G.  Unknown  or  not  existent 

(557.)  H.  With  some  of  these  substances  Lime  may 


be  united,  but  the  combinations  are  not  of  general 
importance.  ^ 

It  appears  that  by  strongly  heating  Lime  and  sulplior 
some  sulphuret  of  calcium  is  formed ;  but  how  hr  • 
true  sulphuret  of  Lime  exists  is  not  quite  certain,  tboogli 
long  believed.     If  this  sulphuret  of  calcium   be  i& 
solved  in  water,  or  if  one  part  of  sulphur,  three  perts 
of  hydrate  of  Lime,  and  ten  of  water,  be  boiled  together, 
a  deep  orange-coloured  Liquid  is  formed,  and  has  beea 
much  employed  in  eudiometry.     By  some  it  is  termed 
hydroguretted  sulphuret  of  Lime,  but  in  our  nomenda* 
ture  it  would  be  (408.)  hydrosulphite  of  Lime.    If  i 
current  of   hydrosulphuric  Acid  Gas  be  transmktoi 
through   water,  in  which  Lime  is  mechanically  m* 
pended,  a  hydrosulphate  of  Lime  is  formed,  and  mtj 
be  separated  as  limpid  crystals,  soluble  in  water, 

(558.)  I.  It  is  scarcely  probable  that  any  combiiii- 
tion  with  these  substances  can  be  effected. 

(559.)  K.  The  Salts  of  Lime  are  numerous  aadio- 
portant.  Of  these  we  can  only  name  the  sulphite 
phosphate,  and  carbonate. 

The  sulphate  is  rapidly  formed  by  art,  and  exiits 
abundantly  in  Nature,  known  by  the  name  of  gypsamor 
plaster  of  Paris.  By  calcination  it  loses  water,  andtk 
reabsorption,  or  addition  of  that  Liquid,  enables  it  to 
form  an  useful  and  cheap  cement,  or  to  take  casts  cf 
gems  and  metals. 

The  phosphate  forms  to  the  amount  of  eighty-six  per 
cent  a  constituent  of  the  bones  of  animals.  .  The  fai- 
phosphate,  ter-phosphate,  and  quater-phosphate  of 
Lime  also  exist,  but  Mr.  Dalton  considers  the  last  n 
octo-phosphate. 

The  carbonate  is  the  most  abundant  of  the  Salts  of 
Lime.     As  chalk,  limestone,  and  marble  it  mast  bi 
familiar  to  every  one.     Although  the  affinity  of  caibooie 
Acid  for  Lime  is  very  great,  the  substances  do  Mt 
readily  combine,  unless  moisture  be  present     By  arrf 
heat  the  carbonic  Acid  is  driven  ofi^from  this  salt  intb 
Gaseous  state ;  but  if  the  escape  of  the  Gas  be  prevented, 
Sir  James  Hall  found  that  the  limestone  was  fused  bj 
a  heat  of  about  22®  of  Wedgewood's  pyrometer  (c.) 
This  salt  contains  one  atom  of  each  of  its  proiimale 
elements.    A  very  elegant  experiment  by  the  late  Pro- 
fessor Tenant  of  Cambridge,  (d.)  exhibits  its  ultimate 
decomposition.    Carbonate  of  Lime  is  soluble  in  watci; 
having  an  excess  of  carbonic  Acid :  hence  arises  the 
extensive  calcareous  deposit  from  the  water  of  some 
springs.     In  these  cases  there  exists  in  the  water,  ca^ 
bonate  of  Lime  dissolved  in  excess  of  carbonic  Add; 
by  exposure  to  the  atmosphere,  the  excess  of  carisoue 
Acid  escapes,  and  the  earthy  salt  is  deposited. 

(560.)  L.  Some  of  the  Salts  of  Lime  are  soluble  ni 
water,  others  are  not  so.  In  such  solutions  no  pred- 
pitate  is  produced  by  addition  of  pure  ammonia;  but 
potash  and  soda  throw  down  caustic  Lime.  Upon  so* 
lutions  of  Lime,  the  citrate  or  tartrate  of  ammonia  pro- 
duces no  effect ;  but  oxalate  of  ammonia  exhibits  a  dense 
white  precipitation.  If  an  insoluble  salt  of  Lime  be 
boiled  for  some  time  in  a  solution  of  carbonate  of  potash, 
a  white  powder  remains,  consisting  of  carbonate  of 
Lime,  soluble  with  effervescence  in  nitric  or  muriatic 
Acid. 

(561.)  M.  The  uses  of  Lime  are  very  various  and 
important  The  nitrate,  when  fused,  forms  Balduiii's 
phosphorus,  (d.)  The  chloride  mentioned  in  Art  (555.) 
is  now  sold,  when  formed  into  an  aqueous  solution, 
under  the  name  of  I^abaracq's  Disinfecting  Liquid ;  and 
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rj^  fe  thus  a  convenient  mode  of  applying  the  long  known 
>-^  properties  of  chlorine  for  removing  dangerous  or  dis- 
agreeable miasmata,  in  fever  hospitals,  or  the  chambers 
of  the  sick. 

The  use  of  gypsum  in  taking  casts,  and  as  a  cement 
for  marble  or  stone,  has  been  already  noticed.  Caustic 
Lime  is  of  great  service  in  Agriculture  when  spread  upon 
aome  kinds  of  land,  as  it  ameliorates  the  stiff  clays,  and 
powerfully  assists  the  solution  of  vegetable  matters  to 
Ibrro  the  food  of  grrowing  plants.  The  formation  of 
mortar  from  caustic,  or  quick  Lime  as  it  is  called,  for 
baildiDg,  must  be  within  the  observation  of  every  one. 
The  mode  of  its  operation  is  this.  When  fresh  burned 
lAme  is  mixed  with  water,  a  paste  is  first  formed,  but, 
in  a  short  time,  the  fluidity  entirely  disappears,  by  the 
passage  of  the  water  into  the  solid  form  to  constitute 
dry  hydrate  of  Lime.  Some  combination  of  carbonic 
Aad  also  takes  place,  but  this  is  for  the  most  part 
superficial.  Lime  made  from  the  chalk  or  limestone  of 
diferent  strata,  varies  considerably  in  goodness.  Such 
variations  depend  on  the  admixture  of  small  proportions 
of  certain  other  earths  and  oxides.  The  Roman 
cement,  as  it  is  called,  contains  a  proportion  of  alumina 
•od  oxide  of  iron.  On  the  subject  of  mortar  there  is  a 
valuable  Work  by  M.  Vicat,  in  fVench. 

References  to  §  1. 

(a.)  Oay  Lussac,  An.  de  Ck.  d  Ph.  vol.  i.  p.  834. 
ihJ)  Dalton,  An.  Phil.  vol.  i.  p.  15.  and  vol.  ii.  p.  6 ; 
Hiomson,  An.  Phil.  vol.  xv.  p.  401 ;  Welter,  An.  de 
Ch.  ei  Ph.  vol.  vil  p.  383 ;  Ure,  Joi/r.  Roy.  InsL 
yrA  xiii.  p.  21 ;  Gay  Lussac,  An.  Phil.  vol.  viii.  p.  218. 
(c)  Nich.  Jour.  vol.  xiii.  and  xiv. ;  also  Bucholz,  vol. 
ami.  p.  229.  (d.)  Phil.  Trant.  vol.  xL  p.  788.  Con- 
aolt  also  Davy,  Phil.  Tram.  1808,  p.  333;  and  An. 
PkiL  vol.  iii.  p.  860.  Berzelius,  An.  de  Ch.  vol.  Ixxxi. 
pwl8. 

Sect  II. — Strontium. 

(562.)  Strontium  was  first  obtained  by  Sir  H.  Davy. 
Native  carbonate  of  strontia  was  formed  into  a  paste 
with  water,  and  placed  on  a  small  platinum  tray.  A 
l^lobule  of  mercury  was  then  placed  within  a  cavity 
made  in  the  surface  of  the  paste.  The  platinum  was 
^onnect^d  with  the  positive  pole,  and  the  mercury  with 
the  negative  pole  of  a  pile  of  about  100  double  plates. 
Thus  an  amalgam  of  mercury  and  Strontium  was 
shortly  produced.  The  amalgam  was  introduced  into 
A  tube  of  glass  made  without  lead,  which  was  then 
filled  with  the  vapour  of  naphtha,  bent  into  the  form  of 
A  retort,  hermetically  sealed.  The  mercury  was  then 
dlriven  from  the  amalg^am  by  heat,  and  the  Strontium 
remained. 

The  lustre  of  Strontium  is  not  considerable;  it  is 
difficult  of  fusion,  and  not  volatile.  It  decomposes 
water  with  evolution  of  hydrogen  Gas ;  and  if  exposed 
to  atmospheric  air,  it  again  becomes  strontia.  This 
earth  is  then  proved  to  be  the  oxide  of  Strontium ; 
Its  properties  will  more  fully  be  stated  in  the  ensuing 
subsection. 

Subsect.  1. — Strontia. 

(563.)  A.  "  About  the  year  1787,  a  mineral  was 
brought  to  Edinburgh  by  a  dealer  in  fossils,  from  the 
lead  mine  of  Strontian  in  Argyleshire*  where  it  is  found 
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imbedded  in  the  ore,  mixed  with  several  other  sub- 
stances. It  is  sometimes  transparent  and  colourless, 
but  generally  has  a  tinge  of  yellow  or  green.  It  is  soft 
Its  Specific  Gravity  varies  from  3.4  to  3.726.  Its  tex- 
ture is  generally  fibrous ;  and  sometimes  it  i^  found 
crystallized  in  slender  prismatic  columns  of  various 
lengths." 

**  This  mineral  was  generally  considered  as  a  car- 
bonate of  barytes  ;  but  Dr.  Crawford  having  observed 
some  difierences  between  its  solution  in  muriatic  Acid, 
and  that  of  barytes,  mentioned  in  his  Treatise  on  Muriate 
of  Barytes^  published  in  1790,  that  it  probably  con- 
tained a  new  earth,  and  sent  a  specimen  to  Mr.  Kirwan 
that  he  might  examine  its  properties.  Dr.  Hope  made 
a  set  of  experiments  on  it  in  1791,  which  were  read  to 
the  Royal  Society  of  Edinburgh  in  1793,  and  published 
in  the  Transactions  about  the  beginning  of  1794.  These 
experiments  demonstrate,  that  the  mineral  is  a  com- 
pound of  carbonic  Acid  and  a  peculiar  earth,  whose 
properties  are  described.  To  this  earth  Dr.  Hope  gave 
the  name  of  Strontites.  (a.)  Klaproth  analyzed  it  also 
in  1793,  and  drew  the  same  conclusions  as  Dr.  Hope, 
though  he  was  ignorant  of  the  experiments  of  the  latter, 
which  remained  still  unpublished.  Klaproth*s  experi- 
ments were  published  in  Crell's  Annals  for  1793  (6.) 
and  1794.  (c.)  Kirwan  also  discovered  the  more  in- 
teresting particulars  of  this  new  earth  in  1793,  as  ap- 
pears by  his  letter  to  Crell,  though  his  dissertation  on 
it,  which  was  read  to  the  Irish  Academy  in  1794,  was 
not  published  till  1795.  The  experiments  of  these 
Philosophers  were  repeated  and  confirmed  in  1797  by 
Pelletier,  Fourcroy,  and  Vauquelin,  (d.)  and  several  of 
the  properties  of  the  earth  still  further  investigated. 
To  the  earth  thus  detected,  Klaproth  gave  the  name  of 
Strontian  from  the  place  where  it  was  first  found ;  and 
this  name,"  with  the  omission  of  the  final  n,  **  is  now 
generally  adopted.  Strontia  is  found  abundantly  in 
different  parts  of  the  World,  and  always  combined  with 
carbonic  or  sulphuric  Acid.*'    Thomson's  Syst. 

(564.)  B.  Pure  Strontia  is  readily  obtained  by  dis* 
solving  the  native  carbonate  in  nitric  Acid,  evaporating 
the  solution  till  it  crystallizes,  selecting  pure  crystals, 
and  driving  off  the  nitric  Acid  by  heat  in  a  platinum 
crucible.  Strontia  contains  strontium  one  atom  -|-  oxy- 
gen one  atom. 

(565.)  C.  Strontia  thus  obUined  is  a  grey,  pulveru- 
lent mass,  having  a  violent  afiiuity  for  water.  By 
affusion  of  this  Liquid,  heat  is  evolved,  and  so  much 
earth  is  dissolved  that  crystals  separate  on  cooling. 
Dalton  considers  that  these  crystals  contain  twelve  atoms 
of  water  -|-  one  Strontia.  Strontia  has  alkaline  proper- 
ties, but,  unlike  barytes,  it  is  not  poisonous,  (e.)  The 
crystals  of  Strontia.  when  dissolved  in  alcohol,  cause  it 
to  bum  with  a  bright  red  flame. 

(566.)  D.  By  pouring  an  aqueous  solution  of  Strontia 
into  the  deutoxide  of  hydrogen,  a  deutoxide  of  Strontia 
is  formed. 

(567.)  E.  If  Strontia  be  heated  in  chlorine  Gas, 
oxygen  Gas  is  expelled,  and  a  chloride  of  strontium  is 
formed.  The  same  Ukes  place  if  hydrochlorate  of 
Strontia  be  heated  to  redness. 

(568.)  F.  G.  Unknown,  save  that  iodine  decom- 
poses Strontia,  as  chlorine  does. 

(569.)  H.  Action  none  very  important,  save  that 
some  of  these  bodies  by  aid  of  heat  decompose  the  earth, 
and  form  sulphurets,  phosphurets,  &c  with  its  metallic 
base, 
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Cbemlsiry.        (570.)  h  Not  considerable. 

^^^K^>-**,^  (571.)  K.  Strontia  never  performs  the  part  of  an 
Acid  ;  l)ul  with  Acids  it  imiversiaUy  acts  as  a  base.  Its 
Salts  are  more  sclwble  than  those  of  baryta,  but  less  so 
than  those  of  lime.  The  greater  part  are  cap?ible  of 
crystallizationt 

(572.)  L.  A  solution  of  these  Salts  affords  precipi- 
tates with  the  sulphates,  phosphates,  and  oxalates  ;  but 
not  with  ferro-hydrocyanate  of  potassa.  Succinate  of 
ammonia  pves  a  precipitate  in  solutions  of  barytic  salts, 
but  none  in  thosi-  of  Strontia,  The  colour  of  its  flame 
in  alcohol  forms  also  a  good  lest, 

(573.)  M,  None,  save  to  ^ve  colour  in  pyrotechnics. 
Strontia  is  not  poisonous. 

References  to  §  2. 

(a.)  Edin.  Tram.  vol.  iv.  p.  14.  {//.)  voL  ii.  p.  1S9. 
{cj)  vol.  i.  p.  99.  See  also  Klaproth's  Beilrage,  vol.  i. 
p,  260;  and  Jour,  de  3fmes^  No,  5.  p.  61.  (r/.)  An, 
de  Ch,  vol.  xxf.  p.  113.  270.  (^)  PelleUer,  ^n,  de  Ch. 
vol.  xxi,  p.  120,  (/)  Gay  Lussac,  Att.  de  CL  vol,  xci, 
p.  60. 

8eet>  III* — Baryitm, 

(574*)  Such  fihould  be  the  spelling'  of  this  word, 
derived  from  0af>bf^  (heavy,)  though  we  have  at  limes 
inadvertently  spelled  it  Barium,  as  is  frequently  done. 
This  Metal  wus  obtained  by  Davy  in  IBOB,  from  the 
carbonate  ofbarjla,  by  a  process  whicli  we  have  already 
descnbed  in  Art.  (562,)  with  reference  to  strontium. 
The  Metal  has  a  dark  i^rey  colour,  with  a  bistre  inferior 
to  that  of  cast  iron.  It  is  fwsed  at  a  heal  below  red- 
ness; thoug;li  solid  at  all  ordinary  temperatures.  It 
did  not  rise  in  vapour  till  nearly  a  red  heat^  and  then 
acted  violently  on  the  glass  of  the  tube  which  contained 
it.  By  admission  of  atmospheric  air  or  oxygen,  it  is 
converted  into  the  earth  baryta,  (See  subsect  1.)  It 
huR  been  proved  by  Gay  Lussac  and  Thenard  to  he 
oipable  also  of  uniting  with  an  additional  proportion  of 
oxygen,  so  as  to  form  a  deutoxide,  by  passing  oxygen 
Crflfl  over  pure  baryta  at  a  red  heat  (g.)  In  the  very 
curious  experiments  made  with  the  Gas  blow-pipe,  by 
Professor  Edward  Daniel  Clarke  of  Cambridge,  he  fre- 
quently reduced  pore  barytic  earth  to  an  appearance 
which  liimseifaud  many  Chemists  regarded  as  Ihe  Metal 
Baryum.  The  quantities^  however,  bo  obtained  were 
very  small,  and  apparently  superficial ;  insomuch  that, 
beyond  the  ajjpearance,  no  ftilly  conclusive  evidence  of 
tlie  reduction  was  afforded, 

Suhseet  I* — Baryta. 

(575.)  A.  **  Barytes  was  discovered  by  Scheele  in 
1774  5  and  the  first  account  of  its  properties  publishetl 
by  him  in  his  Dij^serlalion  on  manganese,  {a.}  There 
is  a  very  heavy  mineral  most  frequently  of  a  flesh  colour, 
of  a  foliated  texture  and  brittle,  very  common  in 
Britain,  and  most  olher  Countries,  especially  in  copper- 
mines.  It  was  known  by  the  name  of  ponderous  spar, 
fttid  was  supposed  to  be  a  ccjmpound  of  sulphuric  Acid 
and  lime,  Galm  analyzed  this  mineral  in  1775.  and 
discovered  that  it  is  composed  of  sulpliuric  Acid  and 
the  new  earth  discovered  by  Scheele.  (f/.)  Scheele  pub- 
lifhed  an  account  of  the  method  of  obtaining  this  earth 
fi-om  ponderous  spar,  (c.)     The  experimcnls  of  these 


Chemists  were  confirmed  by  Bergman,  (d.)  ulio  _  ^ 
the  earth  the  name  of  ^rrc  pondcro^a.  Morreaii  tmfe 
it  the  name  of  Barote,  and  Kirwan  of  BaryU* ;  %hih 
hist  was  approved  of  by  Bergman,  and  is  owf'  («ilh 
little  change)  **  universally  adopted,  I>iffcreBl  ff^ 
cesses  for  obtaimog  Barytes  were  published  bvStMk 
Bergman,  Weiglcb,  and  Afzelius ;  but  little  rnddftiOB 
was  made  to  the  properties  ascertained  by  the  angW 
discoverer,  till  Dr.  Hope  published  his  cxperimttU  in 
1793.  (<'.)  In  1797.  our  knowledge  of  its  uatiire^ 
still  further  extended  by  the  experiments  ofPelktar, 
Fourcroy,  and  Vauquelin."  (/.)     Thomson's  Syi^m 

(576.)  B,  Pure  Baryta  is  best  obtaiRed  by  disMtiiii| 
the  native  carhonQte  in  diluted  nitric  Acid.  Tbii«li* 
lion  is  to  be  evaporated  so  as  to  obtain  crystals  nf  lb 
nitrate.  These  are  decomposed  by  a  red  heat,  \mt^ 
pure  barytic  earth.  The  atomic  constitution  of  this 
oxide  will  be  seen  from  the  general  Table  in  Pa^V.; 
and  it  may  be  well  here  to  state,  that  from  a  wiA  lo 
economize  space,  many  statement*  of  the  same  flUOR 
are  not  made  under  this  reference,  as  they  irill  itt  6e 
found  in  the  above-named  Table. 

(577.)  C.  Pure  Baryta  has  a  caustic  taste  \  daa^ 
vegetable  blues  to  green  ;  and  is  capable  of  fonwng* 
soap  with  oils.  As  generally  seen,  it  is  fiisiWe  br  i 
moderate  heat,  being  a  hydrate;  but  when  ob»*i»d 
pure  from  the  nitrate,  it  is  so  only  under  the  waA 
intense  heat  of  furnaces  or  the  Gas  blow-pipe.  Pwt 
caustic  Baryta  is  slaked  by  water,  forming  a  liytoe 
with  evolution  of  very  great  lieat.  If  a  solutioa  of  lii« 
earth  be  made  in  boiling  water,  and  then  allowd  lo 
cool  slowly,  regular  crystals  are  produced.  These  gi»^ 
tain  Bar>  ta  one  atom  +  water  twenty  atoms,  acctrfJaj 
to  Mr,  Dalton,  ^^ 

(578.)  D,  When  pure  Baryta  is  heated  lo  ttam 
in  oxygen  Gas,  a  deutoxide  of  baryum  is  (brmetl 

(579.)  E,  If  pure  Baryta  be  heated  in  chlorine  Gh 
a  chloride  of  baryum  is  formed  with  evolution  of  W t 
volume  of  oxygen  Gas  for  every  volume  of  chbriw 
taken  up,  A  similar  sabetance  is  produced  by  beansf 
hydrocJilorate  of  Baryta  to  redness. 
(580.)  F.  Unknown. 

(5BI.)  G.  If  the  hydriodate  of  Baryta  be  U«iWi» 
redness,  an  iodide  of  baryum  is  produced 

(58^.)  H.  No  combination  is  known,  or  Wf|  .  ^ 
bable,  between  Baryta  and  tliese  substances,  bit  n 
some  cases,  Baryta,  if  heated  with  thenn,  prodtKt*  W 
union  with  its  metallic  base. 

(5S3.)  I,  It  is  not  probable  that  the  Metals  can  «»• 
bine  with  Baryta,  neither  has  it  been  found  thil  erei 
those  which  have  the  most  powerful  affinity  for  oiypn 
decompose  it. 

(5«1.)  Kp  With  Acids,  Baryta  combines  «  *  "^ 
forming  an  extensive  class  of  Salts,  Its  sulplwtei» 
carbonate  exist  naturally  among  mineral  bodies*  Ip 
Salts  of  Barytes  have,  generally  speaking,  less  » 
ency  to  dissolve  in  water  than  the  Salts  of  lime  wn- 
The  affinity  between  sulphuric  Acid  and  ^*^^**^^ 
tremely  powerful,  but  the  sulphate  is  decooipombf 
boiling  it  with  solutions  of  the  alkaline  carbott«t«j^ 
by  fusion  with  them ;  but  the  former  process  wattHBW 
with  some  singularities.  This  Salt  is  also  <J«o^«^ 
by  heating  it  strongly  with  one-sixth  of  its  ^'^e^*' 
powtlered  charcoal  With  phosphoric  Acid,  B^ 
forms  a  phosphate  and  a  biphosphate.  Far  a  ^ 
detailed  description  of  the  Barytic  Salts,  we  moslfper 
our  readers  to  Thomson's  S^tm,  vol.  ii.  p.  4S7, 
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f,  (585.)  L.  The  properties  by  which  solutions  of  Bvyta 
m0'  are  recognised*  are  chiefly  these.  A  solution  of  any  sul- 
phate produces  a  white  precipitate  insoluble  in  nitric 
Acid.  Heat  applied  to  one  of  its  crystalline  Salts,  con- 
verts it  into  a  carbonate,  if  the  Acid  be  of  a  vegetable 
nature*  but  produces  no  change  if  the  Acid  be  incom- 
bustible ;  or  converts  an  hydrochlorate  or  iodate  into  a 
diloHde  or  iodide  of  the  metallic  base.  Prussiate  of 
potash  produoea  no  precipitate  in  a  Salt  of  Barytes* 
uttiess-  the  Acid  be  one  of  the  metallic  class. 

(686.)  M.  Baryta,  or  its  Salts,  may  be  considered  at 
pieaent  useless*  either  in  Medicine  or  in  the  Arts.  Its 
aetioB  is,  however,  most  powerful  on  the  animal 
eccmomy,  as  it  is  one  of  the  most  virulent  poisons 
known. 

References  to  §  3. 

(a.)  Sciieele,  vol.  i.  p  61  and  78,  French  Transla- 
tion. (6.)  Bergman's  Nolea  on  Sch^er^  sec  167. 
(c;>  CreH'a  AnnaU^  vol.  iii.  p.  3.  English  Translation. 
(d.)  Opusc,  vol.  iii.  p.  291.  (e.)  Bdin.  Trant.  vol.  iv. 
p»  36.  (/O  An.  de  Ch.  vol.  xjii,  p.  113  and  276. 
(gJ)  iUch*  Ph^  vol  i.  p.  169. 

Sect.  TV. — Lithium. 

'  (587.)  This  Metal  was  obtained  by  Sir  H.  Davy, 
and  subsequently  by  Omelin,  from  the  newly  discovered 
alkali,  Lithia.  (See  subsect.  1.)  It  has  never  yet  been 
Men  in  any  considerable  mass,  partly  from  its  rarity, 
and  partly  from  the  very  great  rapidity  with  which  it 
retnms  to  an  oxidated  state  as  fast  as  it  is  formed  by 
the  action  of  the  pile. 

Subsect.  1. — Lithia. 

(588.)  A.  This  alkali  was  discovereil  in  1818,  by 
M;  Arfwedson,  a  Swedish  Chemist,  engaged  in  the 
analysis  of  petalitei,  a  mineral  from  the  mine  of  Uto  in 
Sweden.  It  has  been  subsequently  discovered  in 
apodumine,  lepidolite,  and  in  several  sorts  of  mica. 
Ita  name,  Lithia^  is  derived  from  X/(9€i09,  (stony,)  mark- 
ing its  origin  as  distinguished  from  that  of  the  other 
two  fixed  alkalis,  potash  and  soda. 

(589.)  B.  B^rzelius  bas  suggested  the  neatest  pro- 
cess for  the  separation  of  Lithia  from  earthy  minerals. 
One  part  of  the  mineral  finely  powdered  is  to  be  inti- 
mately mixed  with  powdered  fluor  spar,  and  this  mix- 
ture heated  with  three  or  four  times  its  weight  of  sul- 
phuric Add,  as  long  as  any  acid  vapours  are  disen- 
gaged. Thus  the  silica  unites  with  fluoric  Acid,  and 
passes  off  in  the  state  of  silico-finoric  Acid  Gas,  whilst 
the  alumina  and  Lithia  unite  with  the  sulphuric  Acid. 
These  Salts  are  to  be  dissolved  in  water,  and  then  pure 
mmmoniais  to  be  added,  and  boiled  in  the  solution  to  pre- 
cipitate the  alumina.  The  Liquid  is  to  be  filtered  and 
evaporated  to  dryness,  and  then  the  sulphate  of  ammonia 
may  be  expelled  by  a  red  heat  Sulphate  of  Lithia 
remains.  This  alkali  is  supposed  to  contain  one  atom 
of  oxygen -f  one  atom  of  Lithium. 

(590.)  C.  Lithia  has  a  white  colour;  is  flised  by  a 
red  heat,  and  in  that  state  is  transparent;  it  changes 
vegetable  blues  to  green.  It  is  not  deliquescent  when 
exposed  to  the  air ;  is  not  so  soluble  in  water  as  potassa 
or  soda  ;  and  scarcely  at  all  soluble  in  alcohol. 

(591;)  D.  Unexamined. 

(592.)  E.  Chloride  ofLithiumb  formed  when  hydro- 


chlorate  of  Litliia  is  heated  to  redness,  and  is  a  very  - 
deliquescent  substance,  ami  readily  soluble  iu  alcoliol.     ^ 

(593.)  F.  G.  Unascertained. 

(594.)  H.  Sulphur  may  be  combined  with  Lithia, 
as  with  potassa  and  soda. 

(595.)  I.  It  would  seem  that  Lithia  is  not  entirely 
without  action  on  the  Metals,  seeing  that  it  corrodes  a 
platinum  crucible  in  which  it  may  be  heated. 

(596.)  K.  With  Acids,  Lithia  forms  Salts  like  the 
other  alkalis :  but  these  have  as  yet  been  little  examined. 
Its  saturating  power  is  higher  than  that  of  either  potassa 
or  soda.  The  Salts  of  Lithia  are  soluble  in  water,  but 
the  carbonate  much  less  so  than  the  other  alkaline  car- 
bonates. 

(597.)  L.  Hydrochlorate  of  platinum,  ferro-hydro- 
cyanate  of  potassa,  and  infusion  of  galls,  produce  no 
precipitate  in  Salts  of  Lithia.  But  a  solution  of  car- 
bonate of  potash*  added  to  a  concentrated  solution  of  a 
Salt  of  Lithia,  produces  a  white  precipitate.  The  phos- 
phate of  Lithia  is  also  rather  an  insoluble  Salt,  in  which 
respect  it  is  distinguished  from  potassa  and  soda. 

(598.)  M.  None  at  present  luiown. 

References  to  §  4. 

Consult  ArfVedson,  An.  deCluetde  Ph.  vol  x.  p.  84 ; 
Gmelin,  Gibb.  An.  vol.  Ixii.  p.  389 ;  Clark*  An.  PhU. 
vol.  xi.;  Vauquelin,  An.  de  Ch.  et  Ph.  vol.  viL  p.  284 ; 
Gmelun,  An.  Phil.  yd.  xv.  p.  341. 

Sect.  V. — Sodium. 

(599.)  This  Metal  was  discovered  by  Sir  H.  Davy  in 
1807  ;  and  his  experiments  were  detailed  in  the  Philo' 
wphical  Transactions  of  1808.  He  found  that  if  pure 
caustic  soda,  a  substance  to  be  described  in  the  follow- 
ing subsection,  were  just  moistened  by  merely  breathing 
on  it,  and  placed  on  a  disc  of  platinum ;  the  disc  being 
connected  with  the  negative  pole  of  a  powerful  Voltaic 
battery,  and  a  wire  from  the  positive  pole  being  brought 
in  contact  with  the  upper  surface  of  the  soda ;  decora- 
position  gradually  took  place.  Oxygen  Gas  was  evolved 
at  the  positive  wire,  and  globules  of  metallic  Sodium 
appeared  at  the  parts  in  contact  with  the  platmum.  (a.) 

MM.  Gay  Lussae  and  Thenard  subsequently  dis- 
covered a  process  more  purely  Chemical,  by  which  this 
alkali  might  be  obtained  (6.)  in  greater  quantity.  This 
is  performed  by  heating  soda  and  iron  turnings  to 
whiteness  in  a  coated  gnn-barrd.  'Dn  process  has 
been  slightly  modified  and  improved  by  others,  and 
full  instructions  may  be  obtained  by  consulting  the 
Memoirs  quoted  in  reference  (c.) 

(600.)  Sodium  at  our  ordinary  temperatures  is  an 
opaque,  metallic-looking  Solid,  having  the  lustre  and 
nearly  the  whiteness  of  silver;  but  it  is  necessary  to 
examine  it  when  covered  with  a  film  of  naphtha  for  the 
exclusion  of  atmospheric  air.  It  is  extremely  malleable 
and  ductile.  It  is  lighter  than  water,  having  a  Specific 
Gravity  about  .97.  It  is  less  fusible  than  potassium, 
but  begins  to  lose  its  solid  form  at  120®  Fahrenheit,  and 
becomes  fully  fluid  at  180®  or  190®.  It  is  not  volatile 
even  at  the  fusing  heat  of  plate-glass.  On  being  exposed 
to  atmospheric  air  it  soon  unites  with  oxygen,  and  ita 
surface  becomes  a  stratum  of  soda ;  but  in  perfectly  dry 
air  it  remains  unchanged.  It  combines  with  oxygen 
Gas  at  ordinary  temperatures  slowly;,  and  without  igni- 
tion ;  at  its  fusing  point  the  action  is  more  energetic, 
4t2 
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but  lipjht  is  not  evolved,  unless  the  Metal  itself  be  about 
red-hot.  It  decomposes  water  with  etFervescencc  and 
a  bissiunf  noise.  In  bol  waler  this  action  is  still  more 
violent*  but  no  flame  is  produced  except  from  small 
purticlej!,  which  myy  be  driven  oW  and  ignited  in  their 
passage  lhroug;h  the  air. 

Two  or  more  oxides  of  this  Metal  are  at  present 
admiitcil  by  some*  The  first  formed  by  fusing  soda 
and  Sodium  together;  in  which  case  the  oxygen  seems 
to  be  shared  belwcen  all  the  atoms  of  Sodium,  and 
from  this  very  circumstance  it  seems  doubtful  whether 
the  grey  sybslance  so  produced  be  a  true  definite  com- 
pound or  not.  The  next  oiide,  soda,  is  formed  when 
Sodium  is  burned,  a  volume  of  air  affording  just  oxyj^ren 
enough  to  convert  the  Metal  into  an  alkali.  This  seems 
to  contuiu  one  atom  of  each  of  its  elements ;  and  in 
the  slate  we  usually  possess  it,  there  is  also  an  atom  of 
water  which  it  retains  with  great  obstinacy.  But  if  the 
Metal  be  burned  in  excess  of  oxygen,  another  oxide  is 
formed  which  ajipears  to  contain  Sodium  two  atoms 
+  oxygen  three  atoms.  This  substance  is  very  fusible, 
and  Ota  deep  orange  colour*  When  placed  in  water  the 
excess  of  oxygen  separates,  and  a  solution  of  soda 
remains. 

(GOL)  The  chloride  of  Sodium  is  formed  by  burning 
the  Metal  in  chlorine  Gas;  or  by  heating  it  in  hydro- 
chloric Acid  Gas,  in  which  case  the  hydrogen  is  set  at 
liberty; — or  by  evaporating  a  solution  of  common  salt, 
which  in  its  crystalline  form  is  a  pure  chloride  of  Suchuni, 
having  only  a  little  water  mechanically  existent  among 
its  molecules*  But  when  this  substance  (which  is 
sometimes  called  a  Salt  inadvertently)  exists  dissolved 
in  water,  it  is  generally  believed  to  be  as  a  hydrochlorate 
of  soda;   and  then  is  truly  a  Salt. 

The  chloride  of  Sodium,  a  most  important  and 
abundant  substance,  crystallizes  in  regular  cubes:  its 
varieties  have  been  ably  described  by  Dr.  Henry,  {d.) 
By  heat  it  decrepitates,  and  then  fuses  into  a  solid 
mass.  It  dissolves  in  two  and  a  half  limes  its  weight 
of  water  at  60*^  Fahrenheit,  and  hot  watt- r  lakes  up  very 
little  more.  Hence,  as  Dr.  Henry  well  remarks,  its 
solution  crystallizes,  not  like  that  of  nitre  by  cooling, 
but  by  evaporation,  (c) 

(602.)  Iodide  of  Sodium  may  probably  be  formed  by 
a  direct  process,  but  it  is  certainly  obtained  by  applying 
heat  to  the  hydriodate  of  soda. 

(603.)  By  heating  Sodium  in  ammoniacal  Gas,  the 
hydrogen  is  disengaged,  and  an  Iodide  of  nitrogen  is 
formed.  It  unites  also  with  sulphur,  selenion,  and 
phosphorus  ;  but  not  with  hydrogen. 

(6(Hl)  Sodium  may  form   alloys  with  all  the  Metals. 

Its  reagent  action  and  nsefnl  applicalions,  can  only 
be  sought  for  among  the  description  of  its  oxides  and 
Salts  ;  save  that  the  chloride  (common  sail)  is  a  whole- 
some condiment  to  food,  and  a  powerful  antiseptic. 

Suhiect,  I. — Soda. 

(605.)  A.  "  Soda,  called  also  FossU  or  Mineral 
Alkali^  because  it  was  thought  peculiar  to  the  mineral 
kingdom,  was  known  to  the  Ancients  (though  not  in  a 
state  of  purity)  under  the  names  of  i//t^o*/,  and  nUrum, 
It  is  found  in  large  quantities  combined  witli  carbonic 
Acid,  in  different  parts  of  the  Earth,  especially  in  Egjpt. 
But  the  Soda  of  Commerce  is  ohtaiutid  from  the  ashes 
of  dilTereut  species  of  the  SaUola,  a  genus  of  plants 
growing  on  the  sea-shore  ;   especially  from  the  Sal* 


eaily, 


sola  Soda,  from  which  the  alkali  has  obtained  iti  | 
name.  The  Soda  of  Commerce  is  also  called  hariUat  ^ 
because  the  plant  from  which  it  is  obtained  bear*  iM 
name  in  Spain.  Almost  all  the  Al^^s  also,  especially 
the  Fuci,  contain  a  considerable  quantity  of  SodiL,, 
The  ashes  of  these  plants  are  known  in  this  Country  ||fl 
the  name  of  Kdp,  in  France  by  that  of  Varte,  ^^ 

**  Soda  and  potash  resemble  each  other  so  ueaily, 
that  they  were  confounded  together,  till  Xyxi  H 
published  his  dissertation  on  conimon  salt,  in 
Memoin  of  the  French  Academy  for  1736.  He 
proved  that  the  base  of  common  salt  is  Soila,  and 
Soda  is  different  from  potash,  tlis  conclusionf 
objected  to  by  Pott,  but  finally  confirmed  by  Mwgfnf 
in  175S."     Thomson's  System. 

(606*)  B.   It  would  uccupy  more  space  than  we  csa 
here  afford,  to  describe  fully  the  processes  for  of 
pure  Soda   from   barilla  ;    but  an   excellent  abstfitt 
given  in  Thomson*®  Sy$tcm,  vol  i.  p  326.  The 
features   of  it,  however,  may  be  collected  from  the 
c«ss  for  potassa.  (Art,  626.) 

(6U7.)  C*  Soda  when  pure  is  a  greyish  white  iraK; 
highly  attractive  of  moisture,  and  sufficiently  caus^ieio 
corrode  and  dissolve  the  skin,  or  other  animal  inati 
By  exposure  to  air,  however,  it  does  not  deliquesce 
potassa,  but  absorbing  water   and    carbooic  Acitli 
crumbles  into  a  while  powder. 

(60S.)  D.  None.  E.  See  Art.  (601.)     P.  ITi 
G.  Unknown. 

(609.)  H.  More  remains  to  be  discovered  refpectiog 
the  combinations  of  Soda  with  some  of  these  bodies ; 
that   with    snlphnr    has   been    examiued,   but  iti 
natnre  is  not  very  manifest,  (e:) 

(610.)  I.  Unimportant,  though  not  absolutetj  n^ 
ex  i. stent. 

(611.)  K.  The  Salts  eontaininn;  Soda  as  abisetrt 
numerous  and  important.  The  carbonate,  bicarbon- 
ate, borate,  (borax,)  phosphate,  and  sulphate,  are  em- 
ployed in  Medicine  and  the  nsefnl  Arts. 

(612.)  L.  The  solutions  of  Salts  of  Soda  miy  bf 
recogrnised  by  the  following  properties ;    they  are  ill 
soluble  in  water,  and  in  a  higher  degree  than  tho^eot 
potassa.     Their  base  is  not  precipitated  by  any 
whatever.     The  form  of  the  crystals  will  senretorfi! 
tinginsh  them  from  those  of  a  Salt  of  potassa.     Tttis 
especially  remarkable  in    the   sulphate.      By  fusion 
platinum- wire  with  the  blow-pipe,  a  rich  yellow 
is  communicated  to  the  flame. 

(613.)  M.  Soda  is  largely  employed  inthefwyiBK 
portant  arts  of  soap-boiling'  and  ^lass-making. 

Keferences  to  §  5. 

(flO  PA,  Trans,  1808,     (6.)  Recherches,  vol.  i-  ft  Ti 
(c.)  Tennant,  PA.  Tram,  18U;  MandeU   Camh,  Pki. 
Trans.  \ol  ii, ;  Thenard,  Traite  de  ChimU;  Ja-PW 
N,  S.  vol.  vi.   p.  233 ;    Brunner,  Jour.  Roy,  ImL  i 
XV.   p.  279.     {d,)  Phil,  Trans,   1810.       For  aiialy 
consult  Thomson's  SysL  vol  i.  p.  341.     (e,) 
Aiu  dc  €h*  Ixiv.  p*  59. 

Sect,  VL — Potassimtu 

(614.)  A.  This   Metal   was   discovered  by   Sir 
Davy  in  1807,  and  from  its  nature  can  only  exist  i 

peculiar  artificial  circumstances,  or  in  couibiiiati( 
other  elements* 
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(615.)  B*  To  the  process  by  which  Pot&ssiuni  was 

obtained  we  have  already  adverted  in  ihe  meiilion  made 
of  Sodmm ;  (599*)  for  the  same  measures  must  be 
taken  in  procurinf^  both  Metals,  As  he  fare,  we  must  on 
this  point  refer  otir  readers  lo  the  more  ample  details  of 
original  Memoirs,  (a.) 

(p\6.)  C,  At  about  32®  Fahrenheit  it  is  hard  and 
brittle,  exhibiting^  a  crystaliine  structure.  At  about 
50^  Fahrenheit  it  is  a  sod  malleable  solid,  havings  the 
lustre  of  polished  silver.  At  TO^  Fahrenheit  it  is  a 
semi-fluid  substance,  having*  in  small  g-lobules  a  resem- 
blance to  merctiry  ;  but  at  lbO°  Fahrenheit  it  becomes 
quite  fluid.  At  a  heat  about  redness  it  may  be  volati* 
lized  unchani^ed.  ft  is  a  conductor  of  lieat  and  elec- 
tricity. Its  Specific  Gravity  has  been  variously  stated 
frum  ,8  to  .9  referred  to  water  as  unity. 

(617.)  D>  Potassium  unites  with  oiygen,  even  Ihoug-h 
the  Gas  be  dry,  at  ordinary  temperatures;  but  by  the 
aid  of  heat  it  burns  therein  with  brilliancy.  When  the 
Metal  is  broug"ht  in  contact  with  water,  a  violent  action 
ensues;  the  water  is  decomposed  with  evolutiun  of 
flame,  and  the  protoxide  of  Potassium  remains  in  solu- 
tion. This  protoxide  is  potassa.  (Sec  subsect  1.)  But 
when  Potassium  is  burned  in  the  open  air,  or  in  oxygen 
Gas.  it  is  converted  into  an  ornngc- coloured  substance, 
which  is  a  superior  oxide  of  the  Metal.  Tliis  is  by  some 
called  the  peroxide ;  we  venture,  in  adherence  to  our 
system,  to  call  it  the  tritoxide,  to  mark  that  it  contains 
oxygen  three  atoms  +  Potassinm  one  atom.  The  same 
substance  is  formed  by  passing- oxygen  Gas  over  potassa 
al  a  red  heat,  Potassa  has  a  very  strong  affinity  for 
water,  so  that  even  fused  caustic  potassa  is  a  hydrate, 
containing^  potassa  one  atom  +  water  one  atom.  But 
anhydrous  potassa  may  be  obtained  by  fustnfr  nhrate 
of  potassa  in  a  cmcible  of  gfold,  Mr.  Dalton  has 
^ven  a  Table  showing:  the  proportion  of  real  alkali  in 
solutions  of  potfssa  of  difTtjrent  Specific  Gravities,  (k) 

(618.)  E.  If  Potassium  be  heated  in  chlorine  Gas, 
its  combustion  is  more  vivid  than  in  oxyg^en ;  and  a 
chloride  of  the  Metal  is  formed  The  same  substance 
results  from  heatini^  to  redness  hjdrochlorate  of 
potassa  formed  by  dissolving  carbonate  of  potasm  in 
hydrochloric  Acid ;  the  hydrogen  of  the  Acid  uniting 
With  the  oxyg^en  of  the  potassa  to  form  water,  which  is 
dissipated  by  the  heat. 

(619.)  R  Unascertained, 

(620,)  G.  Iodide  of  Potassium  may  be  formed  by 
heating  Potassium  with  iodine  in  a  green  glass  tube, 
I-ight  is  evolved  during  the  combination.  This  iodide 
IS  volatilized  by  heat;  and  by  solution  in  water  its 
elements  take  to  themselves  hydrogen  and  oxvgen 
respectively  from  the  water,  and  a  solution  of  hydriodate 
of  potash  residls. 

(621.)  H.  With  hydrogen*  Potassium  forms  two 
compounds,  the  one  gaseous,  the  other  solid.  The 
former  is  produced  simply  by  heating  Potassium  in 
hydrogen  Gas.  The  latter  by  a  similar  process,  but  at 
a  very  moderate  heat.  Potassium  unites  also  with 
fiulphur.  se!enion»  und  phosphorus. 

(622.)  r  Potassium  has  a  great  tendency  to  unite 
with  many  of  the  other  Metals,  especially  with  mercury; 
aiitl  the  amalgam  so  formed  is  capable  of  dissolving  all 
other  metallic  bodies. 

<^^3,)  K.  In  consequence  of  the  strong  afllnity  which 
thiB  Metal  bears  for  oxygen,  it  reduces  the  oxides  of  all 
other  Metals  when  heated  with  them.  When  added  to 
the  raineral  acids»  Potassium  decomposes  water,  becomes 


oxidized,  and  a  salt  of  potassa  remains  in  the  solu- 
tion. 

(624.)  L.  M.  All  action  to  which  this  head  referSt 
will  more  properly  appear  in  the  corresponding  part 
of  the  subsection  on  potassa. 

SubsecL  1. — Poiaua, 

(625.)  A.  **  If  a  sufficient  quantity  of  wood  be  burned 
to  ashes,  and  these  ashes  be  afterwards  waslied  repeat- 
edly with  water  till  it  come  off  free  from  any  taste,  and 
if  this  Liquid  be  filtered  and  evaporated  to  dryness,  the 
substance  which  remains  behind  is  Potash :  not,  how- 
ever, in  a  stale  of  purity,  for  it  is  contaminated  with 
several  other  subsitances,  but  sufficiently  pure  to  exhibit 
many  of  its  properties.  In  this  state  it  occurs  in  Com- 
merce ynder  the  name  of  Potash.  When  heated  to  red- 
ness many  of  ils  impurities  are  burned  off;  it  becomes 
much  whiter  than  before  ;  and  is  then  known  in  Com 
merce  by  the  name  of  Pearlash.  Still,  however,  it  is 
contaminated  with  many  foreign  bodies,  and  is  itself 
combined  with  carbonic  Acid  Gas,  which  greatly  modi- 
fies its  properties. 

**  Thut  Potash  was  known  to  the  ancient  Gauls  and 
Germans  cannot  be  doubted,  as  they  were  the  inventors 
of  soap,  which  Pliny  informs  us  Ihcy  composed  of  ashes 
and  tallow*  These  ajshes  (for  he  mentions  the  ashes  of 
the  heeth-tree  particularly)  were  nothing  else  but 
Potash  :  not,  however,  in  a  state  of  purity,  (c).  The 
coi^ifl,  too,  mentioned  by  Aristophanes  and  Plato,  ap- 
p>ears  to  have  been  a  lie  made  of  the  same  kind  of 
ashes.  The  Alchy mists  were  well  acquainted  with  it; 
and  it  has  been  in  every  period  very  much  employed  in 
Chemical  researches,  it  may  be  said,  however,  with 
justice,  that  till  Berthollet  published  his  process  in  the 
year  1786,  Chemists  had  never  examined  Potash  in  a 
state  of  complete  purity."  Thomson  s  System,  vol.  i. 
p.  328. 

Besides  forming  a  part  of  many  vegetable  substances, 
Potassa  is  found  in  several  animal  fluids.  Also  in  some 
minerals,  as  the  leucite,  lava,  pumice,  and  in  feldspar 
and  zeolites,  sometimes  to  the  amount  of  eighteen  per 
cent. 

(626.)  B,  To  obtain  pure  Potassa,  take  pearlash 
and  dissolve  it  in  twice  its  weight  of  liot  water.  To 
the  solution  add  an  equal  weight  of  fresh-burned  quick- 
lime, blaked,  and  then  formed  into  a  cieam  with  water. 
Boil  these  together  in  an  iron  kettle,  for  half  an  hour, 
continually  stirring.  Then  filter  out,  or  pour  off  the 
clear  alkaline  solution,  and  evaporate  it  to  dryness  in  a 
silver  capsule.  Put  the  dry  mass  into  a  bottle,  and  add 
pure  alcohol  so  as  to  dissolve  out  as  much  alkali  as 
possible.  Tlien  separate  again  the  alcohol  by  distilling 
It  over  from  off  the  Potassa  in  a  silver  alembic  with  a 
glass  head.  Pour  the  fused  residuum  upon  a  silver 
capsule,  and  as  soon  as  it  is  cool  enough,  let  the  cake 
be  broken  up  and  kept  in  well-closed  phials.  Potassa 
thus  prepared  Is  still  a  hydrate  containing  alkali  one  atom 
^  water  one  atom. 

(627.)  C.  Pure  Potassa  is  a  white,  solid  substance, 
highly  caustic,  fusible  by  a  heat  rather  above  redness, 
but  not  volatile.  The  solid  hydrate  has  its  apparent 
properties  greatly  similar.  When  quite  dry  it  is  a  non- 
conductor of  electricity. 

(628.)  D.  If  oxygen  Gas  be  passed  over  Potassa  in 
a  closed  tube  at  a  red  heal,  an  additional  proportion  of 
that  element  enters  into  combination,  and  the  tritoxrde 
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orpoU£&ium  is  farmed*  We  term  it  the  tritoiide,  as  con- 
tuininf^  potassium  one  alnm  +  oxygen  three  alon»s»  on 
the  jiriiicipks  we  have  laid  down  for  our  guidance,  { 1 10.) 
&c. ;  but  this  substance  has  been  hitherto  called  the 
deijioxide  or  peroxide,  seeing  dmt  the  combinaticm  of 
one  atom  of  metal  +  two  atoms  of  oxygen  has  not  yet 
been  recopiised. 

(629,)  E.  When  chloride  of  potassium  is  dissolved 
in  water,  a  solution  of  hydrochlorate  of  potasj^a  results ; 
and  conversely  when  the  latter  Salt  is  evaporated  to 
dryness,  the  metallic  chloride  is  the  only  remaining 
product, 

(630.)  F.  Little  examint»d. 

(^31.)  G.  If  iotline  be  agitated  in  a  solution  of 
Potassa*  both  an  iodate  and  an  hydriodatc  are  formed ; 
the  latter  beinjx  muth  the  more  s^oluhlc  salt  of  the  two* 
(6'32.)  H.  The  action  of  some  of  these  bodies  with 
Pota&aa  is  rather  complicated*  in  some  cases  a  union 
witli  the  Potassa  seems  to  be  formed,  in  others  the 
alkali  is  decomposed,  and  its  metallic  base  forms  the 
basis  of  the  resulting  compound*  Tlie  hydrosulphate 
of  Potftssa,  a  useful  test,  is  formed  by  passing  a  current 
of  hydrosulphuric  Acid  Gas  througli  a  solution  of 
Potassa;  and  it  is  capable  of  crystaUizatton. 

(633^)  L  Potassa  exerts  a  solvent  action  on  some  of 
the  Metals, 

(634,)  K,  With  Acids  Potassa  forms^  as  a  base,  a 
most  numerous  and  important  class  of  Salts.  Nitre, 
the  nitrate  of  Potassa,  is  an  anhydrous  Salt,  containing 
an  atom  of  each  of  its  proximate  elements;  when  fused 
it  is  called  Sal  prumiia,  Pearlmk  midPotmh  of  Com- 
merce are  carbonates  of  Potassa  of  variable  degrees  of 
purity.  The  proportionate  composition  of  the  carbon- 
ates of  Potassa  may  be  seen  from  the  general  Table  in 
PartV.  Sulphate  of  Potassa  is  employed  in  Medicine, 
and  was  formerly  called  Sal  Potyckrest  Pruumtt  of 
Potash,  as  it  was  long  called,  is  the  ferro-hydrocyanate, 
a  delicate  and  useful  test  for  distinguishing  metallic 
eulotions. 

(635»)  L.  Potassa  in  solution  is  usually  in  the  state 
of  a  Salt,  it  may  be  known  by  the  following  properties* 
The  forms  of  the  crystals.  That  a  granular  crystalline 
precipitate  is  produced  by  addition  of  tartaric  Acid;  by 
this  it  is  well  distinguished  from  soda.  By  not  being 
precipitated  by  any  preparation  of  nut-galls,  nor  by 
ierrodiydrocyanate  of  Potassa.  By  giving  an  orange- 
coloured  precipitate  with  a  solution  of  platinum  in  nitro* 
muriatic  Acid :  a  property  not  possessed  by  soda  or 
lithia. 

(63G.)  M.  Potassa  in  its  various  states  performs 
several  valuable  services  in  Medicine  and  the  Arts, 
Nitre  is  a  pow»»rful  antiseptic,  and  an  essential  ingre- 
dient in  common  giinpowder.  The  alkali  ts  used  also 
in  soap- boiling,  glass-making,  &c. 

References  to  §  6. 

(a.)  Davy,  Phil,  Tram,  180b.  Kilter.  An.  dc  €h, 
vol.  Ixvi.  p.  92  ;  iiuy  Lussac  and Thenard.  Mt-m.  d'Ar- 
€Heii,\o],  ii,  p,  299;  itcc/»»>rcAr«,  vol.  i.  p.  74 ;  Phil. 
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METALS.     CLASS  fIL 

Sect.  L — Manganese. 

(637.)  A.  The   most  abundant  ore  of  Manfrtoor. 

the  black  oxide,  has  long  been  knonn  ;  ai>d 

af\er  the  study  of  minerals  assumed  a  scientit 

was  seen  that  a  heavy»  black,  earthy  substance*  uh-i 

had  formerly  been  classed  with  iron-ores,  mu&t  tie  vj-h. 

rated  from  that  genus.     After  several  disser' 

this  mincriil,  Bergman  suspected  it  to  be  tb* 

peculiar  Metal,  and  at  his  desire  Scheele 

examination  of  the  substance*  and  by  hi 

lished  in  1774,  and  Bergmans  of  the  saoae  | 

metallic  nature  of  its  basis  was  estabiisbed.      1 

is  abundantly  found  in  Devonshire  and   other  parti  «£ 

England:  its  other  ores  are  the  sulphuret*  and  a  plio^ 

phate,  wherein  it  is  combined  with  iron,  but  theae  an 

rare, 

(638.)  B.  From  the  great  tendency  of  Uiis  oxide  Id 
vitnfication»  fluxes  must  not  be  employed  for  its  redac- 
tion, an  operation  of  great  dilhculty  in  consequeace  of 
the  strong  affinity  of  Manganese  for  oxygen.  TIjc  obJj 
process  by  which  the  Metal  has  been  obtained,  it  to 
submit  oxide  of  Manganese,  minq^led  with  chdrccal- 
powder  and  a  little  oil,  to  a  most  intense  heat  in  a  wind 
furnace.  The  Metal  is  fused  in  small  globules,  or  ta 
an  imperfect  button  at  tlie  bottom  of  the  cructbla. 

(639.)  C,  Manganese  is  of  a  greyish  cotoor.  lai 
finely  granular  texture ;  softer  than  cast  iron  ;  Spacifie 
Gravity  8.013.  (John.)  It  is  very  brittle,  Mid  of 
different  fusibility.  According  to  Morveau  it  meitfti 
160°  Wedge  wood,  or  at  a  point  somewhat  aboYa  ii 
(610.)  D.  Pure  Manganese,  bein^  exposed  lo 
air,  gradually  oxidates  and  crumbles  into  powdar. 
heated  in  oxygen  Gas  it  undergoes  combustion,  \ 
composes  the  vapour  of  water  at  a  red  heaU 
there  are  few  subjects  of  greater  difficulty  tlian  tha< 
mination  of  the  number  of  oxides  which  this  Metal 
duces.  We  have  on  this  subject  valuable  observatiatf 
by  Sir  IL  Davy,  Chem.  PhiL  p.  367  ;  John.  Ja,  P^^ 
vol.  iii. ;  BerzcHus,  An,  ck  Ch.  vol  ixxxiii.  and  li 
Gay  Lussac,  An.  de  CL  et  dc  Ph.  vol.  i, 
A7U  de  Ch.  et  de  Ph.  vol  vi,  Davy  admits  only  ti 
oxides,  John  three,  Berzelius  five,  which  number 
has  subsequently  reduced  to  four  ;  (An.  Pkil^  voL 
and  according  to  Chevillot  and  Edwards*  thaat 
another  degree  of  oxidation  still  higher  than 
oxide  of  all  former  Chemists,  and  possessed 
properties.  (An.  de  Ck,  et  de  PL  vol  viii.) 
is  inclined  to  admit  four  oxides  including  the 
mentioned,  whicli  exists  in  the  chameleon  mtitc 
this  state  of  uncertainty  it  is  impossible  in  a  sk^ 
the  present  to  give  even  an  outline  of  the  proc 
reasonings  of  these  Chemists,  we  therefore  mnat 
ourselves  to  the  two  oxides  the  existence  of  which  ts  wtH 
established.  The  first  is  precipitated  from  the  Salts  of 
Manganese,  in  the  state  of  a  white  hydrate,  contatauif, 
according  to  Davy,  about  twenty-four  per  cent  of  water; 
when  this  water  is  driven  o^  by  a  red  heai  tbe  oxide 
assumes  an  olive-green  colour. 

The  native  black  oxide,  liitherto  called  the  per- 
oxide, which  must  be  al>andoned,  should  Chevilhst  lunj 
Edwards's  experiments  be  verified,  is  famihar  to  ewfy 
tyro  in  Chemistry,  as  Uie  substance  from  which  otygca 
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is  principaUy  procorcd.  It  h  formed  crradyelly  by  ex- 
posure of  the  olive  oxide  to  the  action  of  the  air, 

(§41.)  E,  If  metallic  Manganese  be  exposed  lo  heat 
in  chlorine  Gas  their  union  is  immediately  efftcted,  and 
1  iirh  t  a  II  d  hen  t  are  e  vol vcd.  Th  Is  chl  orid  e  is  a  1  i  £!;h  1 ,  p  i  tik- 
coloured,  flnky  subgtanee,  and  is  obtained  also  by  sub- 
miltirig;^  hydrochlorate  of  Manganese  lo  heat. 

(1542.)  F,  G.   Unexamined. 

(643.)  H.  Boron  and  silicon  have  not  been  united 
to  Manganese,  The  pliosphuret  is  easily  obtained; 
and  the  carburet  was  fuund  by  Dr.  Wullaston  to  con- 
stitute a  i^eculiar  substance  filling  small  cavities  in  cast 
iron,  atid  known  in  the  fuundries  by  th^  name  of  kve^h, 
BeT^oian  was  able  only  to  form  a  sulphuretted  oxide  of 
Maufi^ane^e  ,  but  Vauquelin  {An.  de  Mus,  vol.  xvii.) 
obtained  the  true  sulphuret ;  and  Proust  has  described 
a  naJtve  compound  of  the  same  ehsmertts.  With  nitrogen 
and  h\drot,'en  no  combination  has  been  formed. 

(544.)  I.  Many  of  the  pn>bable  alloys  of  Mang-anese 
bave  not  yet  been  examined.  It  has,  however,  been 
united  whh  iron,  copper,  tin,  zinc»  gold,  and  arsenic. 
It  refnses  to  combine  i\iih  silver,  mercury,  or  lead. 

(645.)  K,  Until  the  number  and  composition  of  the 
oxides  of  Manganese  shall  be  finally  settled,  our  know- 
ledge of  the  Salts  of  Manganese  must  remnin  in  a  slate 
of  great  imperfection,  it  has  been  the  opinion  of 
ChetniBts  that  all  the  Stills  which  contain  Manganese  as 
tt  bage,  conlitin  the  green  oxide:  recent  experiments, 
however,  seem  to  prove  that  this  is  not  the  case;  but  it 
frequently  happens  that  in  processes  wherein  the  solution 
of  the  black  laide  is  effected,  cerlain  phenomcaa  occur 
-which  prov  e  that  the  Metal,  as  it  dissolves*  is  reduced  to 
a  lower  df^j^roe  of  oxidation. 

^  id  dissolves  Manganese  with   evolution  of 

nitr  tj  !s.     But  on  the  black  oxide,  its  action  is 

exiretneiy  teeble.  If,  however,  sugar,  or  any  substance 
ofTiirning  carbon,  be  added,  solution  lakes  place  with 
evolution  of  cnrhouic  Acid  Gas  ;  thus  the  excess  of 
o^vfipen  is  disposetl  of,  and  a  Salt  containing  ihe  green 
oxide  is  formed.  Nitrons  Acid  acts  more  readily,  be- 
cattle  (he  oxygen  which  the  Metal  loses,  goes  to  form 
"rftric  Acid,  and  the  same  Salt  is  produced  as  m  the 
•fbrmer  ease. 

Prritosulphate.  Sulphuric  Acid  has  bat  little  action 
on  Manganese,  but  this  Salt  is  readily  formed  by  dis^olv- 
in^  the  carbonate  in  sulphuric  Acid.  It  crystalliijes  in 
Thoinboidal  prisms  which  arc  soluble  in  alcohol. 

Some  other  sulphates  are  mentioned  by  Arfvedson : 
one  has  been  hing  known  to  be  obtained  by  distilling 
sulphuric  Acid  oiF  black  oxide  of  Manganese,  and  lixi- 
vialii!g  the  residuum ;  ihe  oxide  contained  in  this 
reddish'Coloured  solution  of  the  Salt  is  not  well  ascer- 
tained. 

Scheele,  by  dissolving  peroxide  of  Manganese  in  sul- 

SHisrous  Acid,  found  that  some  oxygen  quilted  the 
fetal  and,  uniting  lo  the  Acid,  converted  it  into  the 
diilphufic,  and  thus  the  protosulphate  was  formed. 
Tlie  true  sulphite  has  not  been  obtained. 

Tfie  hyposulphite  remains  in  solution  when  hyposul- 
phite of  lime  IB  precipilated  by  snlphate  of  Mangaaefie. 
The  hyposulphftte  is  an  exceedingly  soluble  Salt,  re- 
maming  in  solution  after  the  sulphate  has  been  obtained 
by  evaporation  from  the  Liquid  wherein  sulphuric  Acid 
has  acted  upon  oxide  of  Manganese.' 

Hydrochloric  Acid  dissolves  Manganese  with  evolu- 
tion of  hydrogen  Gas  ;  with  the  green  oxide  no  Gas  is 
c7olved»  but  by  Its  action  upon  the  black  oxide^  chlorine 


is  evolved.  A  solution  thus  formed  contains  hydro- 
chlorate  of  Manganese,  and  this,  by  a  proper  heat,  may 
be  brought  to  the  state  of  a  chloride  of  the  Metal. 

Carbonate.  A  white  powder  precipitated  from  solu* 
tir^ns  of  Manganese,  by  the  addition  of  carbonate  of 
potash. 

Phosphate.  This  Salt  occurs  native,  and,  being 
scarcely  soluble  inwatCTg  is  readily  obtained  artificially, 
by  adding  any  alkaline  phosphate  to  a  solution  of  Man-- 
ganese. 

Seleniate.  A  soft,  white,  insoluble  powder,  fu!nble, 
and  having  the  power  of  corroding  glass.  The  bisele- 
niate  is  soluble  in  water  and  crystallizable. 

Arseniate,  Formed  by  dissolving  protoxide  of  Man- 
ganese  in  arsenic  Acid.  The  Salt  separates  in  a  crystal- 
line form.  The  addition  of  an  alkaline  arseniate  to  a 
solution  of  the  Metal,  produces  the  same  effect,  A 
double  Salt  may  be  formed  by  dissolving  these  crystals 
in  sulphuric  Acid.  (John,  Gehl.  Tour,  vol.  iv.  p.  443,) 

Antiinoniate.  A  white,  insoluble  powder,  produced 
by  adding  an  alkaline  antimoniate  to  a  neutral  solution 
of  Manganese.  (Bcrzelius,  Nich.  Jour,  vol.  xxxv.) 

Chromate,  Chromic  Acid  acts  slightly  on  Man* 
ganese,  but  this  Salt  is  best  obtained  by  dissolving  the 
metallic  carbonate  in  the  Acid,  A  brown  solution  is 
formed  which  is  not  capable  of  crystallization.  (John.) 

Tungstale.  This  Salt  is  an  insoluble,  infusible,  whitis 
powder,  formed  by  adding  tungslate  of  potash  lo  a 
solution  of  Manganese*  (John.) 

Acetate.  AcLtic  Acid  acts  feebly  on  Manganese  and 
its  carbonate.  The  acetate  may  be  obtained  by  evapo- 
ration in  pink  crystals,  soluble  in  water  and  alcohol. 
(John.) 

Benzoate,  or  Benzoic  Acid,  has  a  similar  action,  and 
the  Salt  prodnced  is  in  the  form  of  slender,  colourless, 
prismatic  crystals,  soluble  in  twenty  times  their  weight 
of  water,  and  also  in  alcohol.  This  Salt  contains  no 
water  of  crystallization. 

Succinate.  Manganese  and  its  carbonate  are  readily 
soluble  in  succiuic  Acid.  The  crystals  produced  have 
ditFerenl  forms,  and  though  singly  they  are  transparent, 
yet  a  number  of  them  together  have  a  pink  hue.  They 
are  insoluble  in  alcohol,  but  water  dissolves  eighteen 

percent  .        ,. 

Oxidate.  Oxalic  Acid  dissolves  Manganese  or  its 
oxide  with  effervescence,  and  a  white  powder  is  preci* 
pitatcd.  The  same  Salt  is  prodaced  by  adding  oxalic 
Acid  to  a  solution  of  the  Metal  in  any  Acid.  (Bergman.) 

Tartrate.  An  insoluble  Salt,  which  is  formed  by 
adding  a  neutral  tartrate  to  a  solution  of  barytes.  The 
Acid  dissolves  oxide  of  Mangnnese, 

Citrate.  The  citric  Acid  dissolves  Manganese, 
forming  a  Salt  of  moderate  solubility. 

Silicate*  A  beautiful  rose-red  ore  of  Manganese  well- 
known  to  aOneralogisti,  is,  according  to  Berzelius,  a 
combination  of  silica  and  the  metallic  oxide,  whcreifi 
the  former  earth  performs  the  part  of  an  Awd.  {AJhand* 
lingau  vo^- '-  P-  ^^^0 

Double  Sahs, 

Tartrate  of  potash  and  Manganese.  By  roiling 
tartrate  of  potash  with  a  solution  of  Manganese ;  after 
some  time  has  elapsed,  small  prismatic  reddish  bmwn 
crystals  are  deposited,  consisting  of  this  double  balt» 
which  is  sparingly  soluble  in  water. 

(04<$.)  L,  la  neutral   solutions  of  Manganese  the 
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Cheitt1itt7.  followinff  effects  are  prcxliiced.  Fixed  alkalis  produce  a 
**^"v^^  white  precipitate^  which  gradually  btackeivs  by  expo- 
sure to  the  tiir.  Prussiale  of  potaissa  and  hydrosul- 
phate  of  potassa  a  white  precipitate.  Hydrosulphuric 
Acid  Gas  whitens  the  soluiion»  but  prorluces  no  preci- 
pitate. Gallic  Acid,  infusion  of  gulls^  succinate  and 
benzoate  of  ammonia,  produce  no  eUVct;  no  other 
Mela!  throws  down  Manganese  in  the  metallic  Mate. 

(647.)  M.  The  common  black  oxide  of  Manganese 
i&  of  great  service  to  the  Chemist  tor  proctiringf  oxyg^en  ; 
and  it  mnterioUy  assists  ihe  g-lass-mannfaeturer  in 
depriving*'  glass  of  the  green  colour,  whicli  th«  iron  pre- 
sent in  the  sand,  or  the  flnx,  iij  liahie  to  give  to  it. 
Bergman  thus  explains  Ihe  theory  of  its  aetion.  Man- 
ganese in  the  state  of  black  oxide  produces  a  purple 
colour,  but  as  a  protoxide  it  gives  no  colour  at  all ; 
iron,  on  the  contrary,  in  a  low  state  of  oxyg-enation, 
gives  a  green  tinge ;  but  at  a  higher  degree  of  oxidation 
it  either  remains  infusible,  or  does  not  communicate 
colour  Hence  it  is  evident  that  by  these  two  oxides 
being  present  in  proper  proportions,  each  Metal  passes 
to  that  state  which  is  requisite  for  the  tormatiou  of 
colourless  glass.  If  the  Manganese  be  in  excess*  the 
glass  assumes  a  violet  hue  of  any  requisite  intensity. 
Possibly,  also,  the  oxygen  of  the  Manganese  may  lend 
to  the  combustion  of  any  carbonaceous  matter  present 
in  the  fused  glass. 

The  black  oxide  of  Manganese  is  largely  employed  in 
the  preparation  of  chloride  of  lime  for  the  bleachers. 

For  more  ample  details  consult  ihe  references,  (a.) 

References  to  §  1. 

(a.)  Glauber,  Prospe.riian  GcrmanitE;  Kaim,  de 
metaUk  dithiis^  1770 ;  Rinmauj  Menu  Acad.  Siockh, 
1765;  Scheele,  Essays;  Bergman,  Opusc.  voL  ii. ; 
John,  Gehkn's  Joitr,  vol.  iii.  ;  Berzehus,  An.  de  Ck, 
vol.  Ixxxiii.  and  Ixxxvit. ;  Arfvedson,  Jour,  de  Phys. 
vol.  Ixxxvii.  miA  An,  de  Ch.  d  PL  vol,  vi. ;  Chevillot 
^  and  Edwards,  An,  de  €k.  et  Ph*  vol,  viiL ;  John,  An* 

PhiL  vob  iL 

Sect  II. — Iron, 

(648.)  A.  This  Metal,  although  the  most  abundant 
and  useful  of  all  with  which  we  arc  acquainted,  was 
probably  not  the  earliest  known  to  the  irduibilants  of 
the  Earth.  Gold,  silver,  and  copper,  frequenily  occur- 
ring native,  would  soon  attract  attention  from  their 
properties,  and  become  valuable  auxiliaries  to  ibe  arti- 
ficer ;  but  with  the  exception  of  those  rare  masses  which 
seem  to  be  of  meteoric  production,  Iron  must  have  re- 
mained unknown  until  accident,  or  a  suspicion  of  their 
nature,  led  to  the  reduction  of  its  ores.  This  know- 
ledge, however,  the  Israelites  possessed  in  the  time  of 
Moses,  but  how  or  whence  they  olHaiued  it  we  know 
not.  History  informs  us  that  about  200  years  after- 
ward, its  use  was  introduced  into  Greece;  but  two  facts 
tend  to  prove  that  ev^n  after  another  period  of  two 
centuries,  it  was  extremely  rare  in  that  Country,  The 
first,  that  the  weapons  of  war  were  formed  of  a  hard 
alloy  of  coi>per  and  lib,or  ancient  bronze;  and  the  second, 
that  a  ball  of  Iron  formed  a  prize  given  by  Achilles  during 
the  Trojan  war.  Throughout  Europe,  indeed,  bronze 
probably  preceded  Iron  in  the  fabrication  of  swords  and 
the  heads  of  spears.  The  Celiic  inhabitants  of  Britain 
have  ]ei\  durable  memorials  of  their  workmanship  in 


this  beautiful    alloy,   and   similar   specimens   have  it 
different  limes  been  found  in  many  of  the  KorUiem  ! 
parts  of  Europe. 

Some  of  the  Salts  of  Iron  occur  native,  but  t^ 
the  oxides  that  the  Iron  of  Commerce  is  princip 
tained  ;  the  sulphurets  are  also  frequent.      As  a  genii 
mineral  production,  native  Iron  is  of  ^eat  rarity. 

(049.)   B.  The  reduction  of  the  ores  of  this  I" 
the  large  scale  will  come  under  consideration  elsewb 
and  for  Chemical  purposes   the  best  soft  Iron  b  I 
selected,  which  is  nearly  pure,  but  may   contain  a  J 
carbon,  from  which  indeed  this  Metal  is  seldom  i 
free. 

(650.)  C.  The  bluish-while  colour  of  Iron  is  familiir 
to  every  one.  Its  hurdness  when  pure  is  not 
great ;  but  when  converted  into  steel,  it  may  be  i 
dered  superior  in  hardness  to  almost  every  other  i 
stance.  It  is  malleable  when  cold,  and  more  sci  wll 
hot,  but  in  this  respect  it  is  inferior  to  gold  and  s»lTer« 
thoug'b  much  superior  to  either  in  ductility.  Its  teiuicitj 
Is  f^reat,  and  its  Specific  Gravity  is  stated  firom  7.6  In 
7.87.  Its  fusing  point  is  about  158°  of  Wedgewooi 
(M*Kenzie,)  It  is  capable  of  permanent  mag^netism; 
but  when  pure  it  does  not  long  retain  this  property. 
When  Iron  is  violently  heated  \is  surface  sofleus,  and  if 
two  pieces  in  this  state  be  hammered  together  a  perfed 
union  is  effected.  This  property  is  common  only  tolhii 
Metal  and  platinum  :  it  is  of  great  utility,  and  kiioimta 
artificers  by  the  term  welding, 

(651.)  D.  Iron  has  an  exceedingly  strong^  iSoity 
for  oxygen  ;  it  rusts,  that  is  oxidates,  by  free  exp^PCR 
to  the  atmosphere,  and  this  effect  is  greatly  accelenlil 
by  moisture.  It  gradually  decomposes  water  also  tf 
ordinary  temperatures  ;  but  some  recent  experimeDtiQf 
Dr.  Hall  (Brande*s  Journal)  render  it  probable  lJ"t 
this  effect  will  not  take  place  in  pure  water  when  U« 
access  of  air  is  prevented.  At  a  red  heat  it  decsoo^wMi 
water  with  great  rapidity ;  at  a  very  intense  brtt  it 
decomposes  the  fixed  alkalis;  but  it  is  a  singular cif- 
cnntstance,  that  though  in  the  first  case  it  takes  osfp 
from  hydrogen,  and  in  the  secimd  from  the 
bases,  yet  hydrogen  and  these  bases  are  al$a  i 
of  decomposing  the  oxides  of  Iron,  Thus  &  < 
problem  in  affmity  is  presented. 

Two  distinct  oxides  of  Iron  are  recog^nis^d  by  i 
Chemists,  the  black  and  the  red.  The  tirst  ha*  losj 
been  known  as  the  Marital  mlhiops  of  the  Mat«ni 
Medica.  It  is  best  formed  by  exposing  a  paste  of  ifOl 
filings  and  water  to  the  action  of  the  air,  moisteningi 
repeatedly  till  the  whole  is  oxidated,  and  then  dr?»l 
the  powder  by  a  gentle  heat  in  an  iron 
(De  Roever,  An,  dt  Ch.  vol.  xliv.)  The  same  oxidij 
precipitated  from  recently  prt-pared  sulphate  of  if«^ ' 
by  the  addition  of  pure  potash  ;  and  also  by  the  com- 
bustion  of  iron  wire  in  oxygen  Gas*  The  red  (per) 
oxide  is  formed  by  exposing  iron  filings  to  a  rtdl>€«t 
in  an  open  vessel  ;  a  deep-red  powder  is  prodttod, 
formerly  termed  Saffron  of  Man, 

Thenard  and  Gay  Lussac  have  described  ifi^ 
oxides  of  Iron,  but  at  preseut  considerable  unceitaiatf 
exists  on  this  subject  The  atomic  constitution  of  tbt 
oxides  of  Iron  presents  difficulties  which  have  uot  jet 
been  satisfactorily  removed. 

(652.)  E.  The  chloride  of  Iron  was  dtscoferw  if 
Dr.  J-  Davy;  it  is  obtained  by  dissolving  the  Metiiw 
hydrochloric  Acid,  evaporating  and  exposing  the  fta* 
duum  to  a  red  heat,  carefully  excluding  atmospbeikair* 


Thus  oblained,  the  pro  to  chloride  isof  ajfrey  colour  and 
nietiilUc  hislre,  fusible^  but  not  volalilei  and  imperfectly 
solohle  in  waler,  (PhiL  Trans.  1812.) 

The  deiitochloride  is  obtained  hy  burninjjf  Iron  wire 
in  chlorine  Gas,  or  by  evaporating^  an  hydrochloric 
solution  of  the  red  oxide  of  Iron  to  dryness,  with  exchi- 
sion  of  atmospheric  air.  The  suhstance  is  fusible, 
volatile*  and  may  be  condensed  ni  ininuie  crystals.  It 
is  soluble  In  waten  (Sir  H.  Davy,  PhiL  Trans.  181 1> 
and  Dr.  J.  Davy,  FhiL  Trans.  1812,) 

No  analysis    of  these   two    compownds  has  a  very 
strict  Qg^reemeat  with   the  theoreticai  composition,  sup- 
posing the  former  to   consist   of  an  atoni  of  each  sub- 
stance,  and   the  latter  of  one   atom  of  Iron   and  two 
K    atoms  of  chlorine. 
I         (053.)  F.  Unknown. 

I  (6M.)  G*  The  only  iodide  of  this  Metal  at  present 
W  known,  is  formed  hy  heating:  Iron  in  the  vapour  of 
~  iodine.  It  is  a  brown,  fusible  sybstance,  soluble  in  water, 
1       producing  a  light  green  solution, 

V  (655.)  H.  Of  the  combinations  of  Iron  with  eom- 
p  bustibles,  the  carburels  are  by  far  the  most  imporlant. 
When  the  Metal  is  in  excess,  steel  is  formed  of  diirerent 
kinds,  in  proportion  to  ihe  quanlity  of  carbon  ;  and  it  is 
Stated  by  Mr.  Mushet  thot  no  good  steel  contains  more 
than  oae*sixlieth  of  carbon.  In  cast  Iron,  however,  a 
greater  proportion  is  found,  the  maximum  of  which  is 

h  stated  at  one-fifteenth.  For  further  piirliculara  on  this 
branch  of  maitufacture,  see  reference  (6.)  Curhon, 
combined  with  a  vm*  small  proportion  of  about  one- 
twentieth,  is  the  native  plundiago,  formerly  called  black 
lead.  With  regard  to  all  the  combinations  of  carbon 
ond  Iron,  no  satisfaclory  allempt  can  be  made  lo  bring 

I  them  under  the  laws  of  the  atomic  theory ;  true  Chemical 
combinations  they  nevertheless  appear  to  be  ;  and  if  so, 
the  atom  of  one  element  must  be  united  to  more  atoms 
fjf  the  other  than  we  are  in  the  habit  of  considering 
probable  from  the  known  constilution  of  other  bodies. 
The  phosphuret  of  Iron  may  be  formed  artificially,  and 

Ialso  enters  into  the  composition  of  what  is  termed  mid 
short  Iron,  According  lo  Berzelius  the  si  lieu  ret  and 
seleniurcth  exist,  and  the  boruret  has  been  described  by 
Omelin,  Two  definite  sulphurcts  cxii^t  native,  the  one 
known  as  magnetic  pyrites,  the  other  having  so  much 
sulphur  that  the  magnetic  property  is  destroyed. 
According  to  Mr.  Hatchett,  whose  exijcriments  are 
»  highly  interesting,  the  carburets,  sulphurcts,  and  phos- 
phurets  of  Iron  have  each  some  particular  properties  of 
combination,  at  which  magnetism  is  most  poweifuUy 
and  permanently  developed.  Pure  Iron  being  capable 
of  little  permsitiency  in  its  rtiagnetism,  and  again,  when 
combined  with  too  great «.  proportion  of  the  nonmetallic 
combustible,  losing  the  property  altogether, 

((>30.)  L  Strictly  speaking.  Iron  may  be  considered 
capable  of  uniting  with  all  the  other  Metals,  Ihongh 
some  of  these  combinations  are  of  difficult  formation  : 
thus  the  great  infusibility  of  both  the  Metals  renders  it 
difficult  lo  form  an  alloy  of  platinum  and  Iron  ;  and  the 
volatility  of  merenryat  a  comparatively  low  lemperature 
presented  an  obstacle  to  its  tinion  with  Iron.  This 
difliculty»  liowever,  Mr.  Aikin  indirectly  surmounted. 

(63?.)  K.  The  hlack  oxide  is  soluble  in  must  Acids 
forming  light  green  solutions.  The  red  oxide  gives 
also,  with  most  Acids,  solutions  of  a  reddish-brown 
colour,  but  is  not  so  readily  soluble  as  the  black  oxide. 
There  exist  Ihen  two  distinct  series  of  the  Salts  of  Iron 
with  the  same  series  of  Acids,  vU,  the  prolosaks  and 
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the  pcrsalts,  as  for  Ihe  present  we  may  continue  to  call 
them. 

Kitric  Acid  (Specific  Gravity  1,16)  acts  gently  upon 
Iron  witli  very  slight  evolution  of  Gas,  and  a  solution 
of  protojntrale  of  Iron  remains,  darkly  coloured  by  the 
nitrous  Gas,  which  the  Liquid  at  first  retains,  hut  which 
by  comtiining  with  oxygen  is  gradually  converted  into 
nitric  Acid,  and  becomes  transparent. 

If  the  above  protonitrate  be  exposed  to  the  air,  or 
heated,  it  passes  into  the  pernitrate,  which  is  also  the 
Salt  obtained  by  the  action  of  strong  Acitl  upon  the 
Metal ;  in  thi.s  case  a  rapid  decomposition  takes  place, 
and  the  protoxide  and  deutoxides  of  azote  are  abun- 
dantly evolved.  This  Salt  is  decomposed  by  a  red 
heat,  the  red  oxide  remaining  no  longer  soluble  in 
nitric  Acid.  Hence,  in  analysis,  if  it  be  desirable  to 
estimate  the  Iron  in  the  state  of  protoxide,  a  few  drops 
of  nitric  Acid  are  added  previous  to  exposure  tu  a  red 
heat;  but  if  the  protoxide  he  required,  the  residuum  is 
mixed  with  a  little  tallow  or  wax,  and  by  exposure  to  a 
gentle  red  heat,  a  definite  protoxide  is  obtained. 

It  is  well  to  remember  that  Ihe  protoxide  is  soluble 
in  nitric,  btit  npt  in  hydrochloric  Acid.  The  peroxide  is 
soluble  in  hydrochloric  Acid,  but  not  in  nitric.  No 
crystals  of  the  pernilrate  can  he  obtained  hy  evapora- 
tion»  but  Vauquelin  is  said  to  have  formed  them  itidi- 
rectly. 

Sulphuric  Acid  dissolves  Iron  and  both  its  oxides* 
By  the  action  of  dilute  Acid  upon  Ihe  Metal,  hydrogen 
is  evolved,  and  the  protosulphate  is  produced.  It  is 
readily  crystallized,  but  both  in  this  state  and  in  solution, 
if  exposed  to  the  air,  the  Metal  proceeds  to  a  higher 
degree  of  oxidation.  This  Sail  is  well  known  hy  the 
names  of  green  vilriol  or  copperas ;  that  which  is  met 
with  in  Commerce  is  chiefly  produced  by  moistening 
native  pyrites,  with  exposure  to  air  and  subsequent 
washing,  evaporation,  and  crystalli-zation.  In  the  crys- 
talline state,  this  Salt  contains  about  forty-five  per  cent  of 
water. 

There  are,  according  to  Thomson,  Ihroe  subspecies  of 
persylphate  of  Iron,  but  want  of  room  will  compel  us 
hereto  refer  to  his  system  for  a  more  particular  art*ouut 
of  them.  The  red  persulphate  of  Iron  being  soluble  in 
alcohol,  which  the  green  protosulphate  is  not,  aifords  a 
ready  mode  of  separating  these  Salts  if  mixed.  The 
sulphite  of  the  protoxide  only  is  known,  and  may  be 
formed  by  direct  Holution  of  the  base  in  the  Acid. 

By  the  aciioii  of  sulphurous  Acid  on  Iron,  the  hypo- 
sulphite is  produced,  and  iti*  formation,  as  explained  by 
Berthollet,  is  exceedingly  instructive.  The  mutual 
action  is  violent,  but  no  Gas  is  evolved.  The  Iron  is 
oxidized  at  the  expense  of  the  Acifl ;  J»alf  its  oxygen 
onmViining  wUh  Uio  lion  to  form  ihc  black  oxide,  while 
the  remaining  sulphur  and  oxygen  form  hyposnlphiirous 
Acid,  which  unites  with  the  base,  (c.)  Mr.  Herschel 
obtained  the  same  Salt  hy  dissolving  carbonate  of  Iron 
in  sulphurous  Acid,  and  boiling  the  solution  upon 
sulphur.  (/)  Ttie  protomuriate  is  formed  hy  ttie  action 
of  muriatic  Acid  upon  metallic  Iron,  hut  the  protoxide  u 
imolublc  in  this  Acid^  while  by  its  action  upon  the  per- 
oxide the  soluble  permuriate  is  readily  obtained. 

A  solution  of  flyoric  Acid  in  water  dissolves  Iron  ; 
the  sohition  does  not  crystalline  by  evaporation,  but 
only  becomes  gelatinous. 

A  solution  of  carbonic  Acid  in  water  acts  feebly  upon 
Iron  ;  with  excess  of  Acid  Ihe  Salt  remains  dissolved, 
but  hy  boiUng,  or  by  long  exposure  to  air*  the  Iron  fnlh 
4  £ 
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down  in  the  state  of  red  oxide,  still  retaining  some 
'  Acid ;  this  process  is  daily  seen  in  mineral  waters.  The 
carbonate  has  recently  been  found  native,  (c.)  and  may 
also  be  obtained  by  precipitating^  a  solution  of  the 
sulphate  by  an  alkaline  carbonate.  The  rust  which 
collects  on  exposed  surfaces  of  Iron,  especially  if  moist^ 
is  this  carbonate  more  or  less  perfect. 

The  phosphate  is  produced  by  mixing  solutions  of 
phosphate  of  soda  and  sulphate  of  Iron,  the  perphos- 
phate  by  mixing  those  of  permuriate  of  Iron  and  phos- 
phate of  soda;  it  exists  also  native,  (d.) 

The  borate  precipitates,  by  the  addition  of  solution  of 
borate  of  soda  to  that  of  sulphate  of  Iron.  Berzelius 
has  described  (An,  de  Ch.  et  de  Ph.  vol.  ix.)  the  proto- 
seleniate  and  biprotoseleniate,  the  perselentate  and  biper- 
seleniate.  (r.) 

The  protarseniate  and  perarseniate  of  Iron  exist  natire 
in  Cornwall ;  the  former  may  be  produced  by  adding 
arseniate  of  ammonia  to  a  solution  of  sulphate  of  Iron, 
and  the  latter  by  adding^  the  same  arsenical  Salt  to  a 
solution  of  persulphate  of  Iron.  Antimoniate  of  potash 
precipitates  a  white  antimoniate  of  Iron  from  the 
sulphate.  Chromate  of  potash  produces  from  sulphate  of 
Iron  a  tawny-coloured  precipitate,  consisting  of  oxide  of 
chromium.  Hence  Vauquelin  observes,  that  as  the 
black  oxide  of  Iron  decomposes  chromic  Acid,  proto- 
chromate  of  Iron  does  not  exist.  (Vauquelin,  ^n.de  Ch. 
vol  Ixx.)  He  suggests  thai  we  might  probably  form  a 
I>erchromate  by  employing  some  persalt  of  Iron  instead 
of  the  protosulphate. 

Alkaline  molybdates,  according  to  Scheele,  produce 
a  brown  precipitate  in  the  Salts  of  Iron.  The  tongstate 
exists  native,  (Wolfram,)  and  may  be  formed  by  adding 
an  alkaline  tungstate  to  a  soluUon  of  sulphate  of  Iron. 
Acetic  Acid  readily  dissolves  Iron,  and  appears  to  form 
distinct  Salts  with  the  two  oxides.  The  acetate  is 
crystallizable,  but  the  peracetate  by  evaporation  is  only 
gelatinized.  The  benzoate  of  Iron  is  a  yellow,  insoluble 
Salt,  obtained  by  precipitation.  The  succinate  is  a 
crystallizable  Salt,  obtained  by  dissolving  oxide  of  Iron 
in  succinic  Acid.  But  by  adding  succinate  of  ammonia 
to  solutions  of  the  persalts  of  Iron,  a  reddish,  insoluble 
persuccinate  is  thrown  down.  On  this  property  is 
founded  one  method  of  separating  Iron  from  manganese. 
Thus  by  taking  care  to  have  the  mixed  solution  of  the 
Metals  neutral,  and  the  Iron  in  the  state  of  a  persalt, 
and  then  adding  succinate  of  soda,  the  Iron  may  be 
entirely  precipitated.  By  adding  boletate  of  ammonia 
to  a  protosulphate  of  Iron  no  precipitate  is  produced; 
a  solution  of  persulphate  is  entirely  decomposed  by 
these  means,  and  the  Iron  thrown  down  in  the  form 
of  a  red  powder.  According  to  Braconnet,  by  this 
means  Iron  may  be  separated  from  mauganem;,  limci  or 
alumina. 

Sulphuric  Acid  gives  a  deep  yellow  colour  to  sulphate 
of  Iron,  but  causes  no  precipitation.  Oxalic  Acid 
dissolves  both  Iron  and  its  oxides  ;  the  protoxalate  is 
soluble  and  crystallizes ;  the  peroxalate  has  the  contrary 
properties.  The  superoxalate  of  potash  is,  therefore, 
sold  under  the  name  of  Salt  of  lemom^  for  the  purpose 
of  removing  spots  of  ink  from  linen.  From  a  persalt 
of  Iron,  melHiic  Acid  produces  a  yellow  precipitate. 
Iron  and  its  oxides  are  soluble  in  tartaric  Acid ;  the 
prototartrate  is  soluble  and  crystallizable ;  the  pertar- 
trate  has  not  these  properties.  Citric  Acid  dissolves 
Iron,  and  gradually  deposits  a  white  powder,  which  is 
»t«<cd  to  consist  of  a  citrate  and  a  bidtratc  of  Iron : 


the  former  readily  passing,  if  exposed,  to  the  slate  of 
percitrate,  which  is  a  deliquescent  and  soluble  Salt.         s 

According  to  Scheele,  the  saclactic  Acid  does  ast 
throw  down  Iron  from  its  sulphate.  Malic  Acid  givo^ 
according  to  Scheele,  a  brown,  nncrystallisable  aohitioa. 
Lactic  Acid  dissolves  Iron,  depositiag  delicaie  cryslalsi 
scarcely  soluble  in  water.  With  protosalts  of  Iioa, 
gallic  Acid  produces  no  precipitate,  but  with  tbe  pi^ 
salts  it  forms  the  well-known  black  of  mv  writiiig-Bk; 
and  this,  though  in  reality  a  true  predpitaAe  of  psfs- 
gallate  of  Iron,  is  in  so  minute  a  state  of  divisioii,  as  to 
remain  suspended  in  the  Liquid,  especially  if  itseoasirt- 
ency  be  increased  by  the  presence  of  any  miicilagiaeai 
substance. 

Double  sulphates  of  potash  and  Iron,  and  potash  i 
ammonia  exist.  (Link,  An.  de  Ch,  vol.  1.)  Tlie  \ 
known  tartarized  tincture  of  Iron  of  the  Materia  Medici^ 
is  a  double  tartrate  of  potasli  and  Iron.  And  ' 
Ferrum  Amnumiatum  of  the  Pharmacopoeia,  is  ad 
muriate  of  ammonia  and  Iron  fimned  by 
In  this  case  the  ammonia  and  the  Acid  are  capaUeoT 
carrying  the  oxide  of  Iron  along  with  then  ia  As 
volatile  state,  and  the  same  property  enaUes  the 
muriatic  Acid  to  carry  over  with  it  Iron  in  the  wotm 
of  distillation,  which  is  the  cause  of  tbe  yellow  coloar  ii 
the  common  Acid  of  Commerce. 

On  a  review  of  the  above  Salts  of  Iron  it  will  appsH^ 
that  for  the  most  part  the  protosalts  are  crystallhnMi, 
and  that  the  greater  part  of  them  are  so  salable  as  ait 
to  be  obtained  by  precipitation ;  that  is  sapposiag  He 
fi>rmation  of  a  protosalt  to  take  place  when  a  neiilnl 
solution  of  any  Salt  is  added  to  a  protosalt  of  Iron,  the 
newly-formed  Salt  remains  in  solution;  butwbdkr 
this  is  the  case,  or  whether  no  decomposition  is  cftcftci 
we  have  not  at  present  any  means  of  detemining. 

The  persalts,  on  the  contrary,  rarely  crystallia^  asi 
generally  fall  down  in  an  insoluble  state. 

(658.)  L.  Much  of  the  efRscts  of  reagents  on  tke 
solutions  of  Iron,  may  be  gathered  from  the  prece|fiB| 
section.  The  most  common  tests  of  Iron  are  the  Isfr 
sion  of  galls,  whwh  gives  no  precipitate  until  the  Iiss 
is  peroxidized  by  a  few  drops  of  nitric  Acid,  or  by  et 
posure  to  the  air.  The  ferro-hydrocyanate  of  potases 
giving  a  white  precipitate  with  the  protosalts,  and  t 
deep  blue  one  with  the  persalts,  is  a  most  delicate  toi 
Sulphuretted  hydrogen  produces  no  precipitate  with  As 
protosalts,  but  with  the  persalts  gives  a  precipitate  can- 
sisting  of  sulphur,  because  in  this  case  the  sulpharettsi 
hydrogen  is  decomposed,  and  also  the  peroxide  cf 
Iron,  which  passes  to  the  state  of  protoxide.  ^  ••  TOe 
Gas  likewise  precipitates  Iron  from  its  woUntixm  in  9am 
of  the  weaker  vesretii^l*  Acids."  Hydrosolphaict  cf 
potash  gives  a  black  precipitate  with  the  persalts. 

(659.)  M.  The  countless  uses  of  metallic  Iron  and 
steel  need  no  enumeration ;  two  of  its  Salts  have  bett 
mentioned  as  employed  in  Medicine,  and  formerly  itwss 
given  in  several  other  states  of  combination,  llie  per- 
acetate is  of  great  use  to  dyers,  and  considerable  qoss- 
titles  of  the  sulphate  are  employed  by  hatters. 

References  to  §  2. 

(a.)  Lavoisier,  An.  de  Ch.  vol.  i. ;  Bel^:mal^  Opme. 
vol.  iii. ;  Vauquelin,  An.  de  Ch.  vol.  xxii. ;  Morveas, 
Ibid.  vol.  xxxi. ;  Proust,  An.  de  Ch.  vol.  xxiii. ;  Thenard, 
An.deCh.\o\.\y\.;  Hassenfratz, -^n.  de  Ch.  vol.  hxi.1 
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ii.  or  An,  de  Ch.  Tol.  lixviii. ;  Gay  Lussae,  An.  de 
rol.  \xxx, ;  Meyer,  Crell's  An.  1784 ;    Hatchett, 

Trans.  1804 ;  Proust,  Jour,  de  Pkys.  vol.  liii. 
Steel,  Stodart  on  Tempering,  Nich.  Jour.  4to.  vol. 
Dmvy,  An.  PML  vol.  i. ;  Pearson,  PhiL  TranM. 
;  Scheele  on  Plumbago,  Eisayt;  M'Renzia,  Nich* 

4to.  Tol.  iv. ;  Berzelius,  AfkandHngar^  vol.  iiL  ; 
r,  Mimchater  Mem,  vol.  v.;    Clouet  on  Sted« 

de  Minea^  1799,  also  Jour,  de  Minet^  vol.  iv. ; 
)n  and  Darcet  on  Steel,  Jour,  de  Minee^  1798; 
et  on  Steel,  Phil.  Mag.  vol.  xii.  and  xiii.  (e.) 
!>far,  Gehl.  Jour.  vol.  i.     (d.)  Laugier,  An.  de  Ch. 

(e.)  Berthollet,  An.  de  Ch.  vol.  ii.  (/)  Herschel, 
Bt  Jour.  vol.  i.  (g.)  Berzelios,  An.  de  Ch.  et  de 
o1.  iz. 

Sect.  IIL— 2Vn. 

iO.)  A.  Pliny  begins  his  chapter  upon  Tin  thus, 
mm  iUitum  mneia  vasis^  saporem  gratiorem  facU^ 
wtpfmni  teruginU  virui ;  mirumque^  pondus  nil 
(Minim !  truly.)  He  describes  it  as  coming 
Spain  and  Britain,  and  mentions  its  great  abun- 
in  the  latter,  (a.)  Moses  mentions  Tin  as  one 
i  Metals  that  may  "  abide  the  fire**  for  purifica- 
[6.)  The  mines  of  Cornwall,  from  which  great 
ities  of  this  Metal  are  procured,  exceed  in  richness 
of  every  other  part  of  the  world ;  but  the  purest 
B  said  to  come  from  the  Peninsula  of  Malacca, 
mncipal  ore  of  Tin  is  its  oxide,  under  various 
nine  forms,  which  have  been  ably  investigated  by 
r.  Phillips,  (c.)  As  a  sulphuret  it  is  also  found, 
lis  18  a  rare  mineral,  and  largely  contaminated 
opper. 

1.)  B.  The  common  process  for  smelting  Tin  in 
m\\  is  fully  described  in  Aikin's  Dictionary ;  it 
l8  in  pulverixing  the  ore,  and  washing  it  so  as  to 
e  the  lighter  rocky  particles.  The  heavy  metalli- 
ones  which  remain,  are  then  roasted  to  drain  oflf 
:  and  sulphur,  and  to  oxidate  some  other  metallic 
ities.  By  a  subsequent  washing,  the  oxide  of  Tin 
IS  in  tolerable  purity;  it  is  now  mixed  with 
aly  and  subjected  to  a  violent  furnace  heat,  by 
the  reduction  is  effected,  and  metallic  Tin  sub- 
to  the  bottom  of  the  furnace,  from  which  it  is 
'  into  pigs  for  sale. 

\.)  C.  Tin  is  of  a  brilliant  white  colour  ;  it  has  a 
but  disagreeable  taste,  and  emits  a  smell  when 
1.  In  hardness  it  is  superior  to  lead,  but  inferior 
1 ;  Specific  Gravity  7.291  to  7.299.  «*  It  is  very 
ble :  IHn.ibil,  as  it  is  called,  is  about  one-thou- 
of  an  inch  thick,  and  it  might  be  beaten  out  into 
as  thin  again  if  wanted  for  purposes  uf  Art*  lu 
y  and  tenacity  are  much  inferior  to  that  of  most 
Metals  known  to  the  Ancients."  A  wire  one- 
if  an  inch  in  diameter  is  calculated  just  to  support 
ht  of  47.86  pounds.  Tin  is  very  flexible,  and  a 
ir  crackling  noise  is  heard  on  bending  it ;  the 
ty  is  peculiar  to  this  Metal  and  cadmium.  Tin 
t  a  temperature  of  442^  Fahrenheit,  but  requires 
r  high  temperature  fbr  its  volatilization.  By 
cooling,  the  crystals  obtained  from  this  Metal 
imboidai  prisms,  (d.) 

I.)  D.  By   exposure  to  air  Tin    becomes  tar- 
but  undergoes  no  further  change ;  at  ordinary 
atures  it  has  no  action  upon  water,  but  if  steam  is 
over  Tin  heated  to  redness,  a  rapid  decomposi- 


tion is  effected,  the  Tin  is  oxidated,  and  hydrogen  ie 
given  out  (e.)  Of  this  Metal  there  are  two  distinct 
oxides.  The  first,  or  grey  oxide,  is  produced  by  dis* 
solving  Tin  in  hydrochloric  Acid,  with  aid  of  heat,  and 
precipitating  the  solution  by  ammonia.  Thus  an  hydrate 
of  the  protoxide  is  obtained.  By  heat  it  is  not  decom* 
posed,  but  passes  to  a  higher  degree  of  oxidation  ;  it  is 
soluble  in  alkalis  and  Acids. 

The  deutoxide  is  obtained  by  acting  upon  Tin  with 
concentrated  nitric  Add  ;  no  solution  is  effected,  but  a 
white  powder  is  formed,  which  is  a  hydrate  of  the  deut- 
oxide. By  heat,  the  water  is  driven  off,  and  the  pure 
yellow  deutoxide  remains.  Berzelius  obtained  the  same 
substance  by  heating  Tin- filings  in  contact  with  peroxide 
of  mercury.  (/.) 

This  oxide  may,  by  digestion,  be  united  to  the  sul- 
phuric and  muriatic  Acids ;  but  though  in  both  cases  the 
compound  remains  insoluble  in  the  Acid,  yet  in  the 
former  it  becomes  soluble  in  water.  In  the  same  man- 
ner, by  digest  inn  with  alkalis,  compounds  soluble  in 
water  are  similarly  produced. 

The  two  oxides  of  Tin  are  easily  distinguished  firom 
eoch  other  by  their  properties :  the  protoxide  undergoes 
evident  combuKtion.  at  a  red-heat ;  the  deutoxide  does 
not  so.  The  former  is  soluble  in  dilute  nitric  Acid ;  the 
latter  is  not  so.  The  former  deflagrates  with  nitre ;  the 
latter  does  not  so.  Solutions  of  the  protoxide  gives  blade 
precipitates  with  corrosive  sublimate. 

(664.)  E.  Two  chlorides  of  Tin  are  described  by 
Dr.  J.  Davy.  (/)  The  protocliloride  is  most  easily 
obtained  by  heating  protomuriate  of  Tin  in  a  retort,  tiU 
a  fused,  grey,  resinous  substance  remains. 

The  deutochloride  may  he  formed  by  heating  Tin,  or 
its  protochloride,  in  chlorine  Gas ;  but  it  is  most  readily 
formed  by  heating  6  parU  of  Tin,  1  of  mercury,  and  33 
of  corrosive  sublimate,  together  in  a  retort.  At  firstt 
water  is  disengaged,  but  ailerwards  a  white  vapour  is 
rapidly  produced,  and  condensed  in  a  receiver,  forming 
a  colourless  Liquid.  This  has  long  been  known  by  the 
name  of  the  fuming  liquqr  of  Libaviuiy  from  its  dis- 
coverer. 

(665.)  F.  Unexamined. 

(fi66.)  G.  Tin  in  fusion  rea'lily  combines  with  the 
vapour  of  iodine,  and  a  fusible,  orange-coloured  iodide 
is  the  result.  Water  converts  it  into  hydriodic  Add  and 
oxide  of  Tin. 

^667.)  H.  Tin,  in  all  probability,  does  not  combine 
with  hydrogen  nor  azote ;  neither  has  its  union  with 
carbon,  boron,  or  silicon  been  effected.  The  phosphuret 
may  be  formed  by  dropping  pieces  of  phosphorus  into 
melted  Tin,  or  by  fusing  in  a  cmcible  equal  parts  of 
glacial  phosphoric  Acid  and  Tin-filings. 

Three  sulphnretJi  of  Tin  are  known  to  Chemists. 
The  proto-sulphuret  is  formed  by  fusing  Tin  and  sul* 
phur  together,  pulverizing  the  compound,  again  mixing 
it  with  sulphur,  and  subjecting  it  to  a  sufficient  heat  ta 
volatilize  all  the  superabundant  sul])hur.  This  compound 
has  metallic  lustre  with  the  colour  of  lead,  and  is  capable 
of  crystallization.  ^'  When  dissolved  in  concentrated 
muriatic  Acid  it  is  entirely  converted  into  oxide  of  Tin 
and  sulphuretted  hydrogen  Gas."    Thomson. 

A  substance,  long  known  to  Chemists  under  the  name 
of  Aurum  Moeaicum^  is  tlie  deuto-sulphuret  of  this 
Metal.  The  best  process  for  obtaining  it  appears  to  be 
as  follows.  Amalgamate  8  oz.  of  Tin  with  an  equal  quan- 
tity of  mercury,  mix  this  with  6  us.  of  sulphur  and  4  of 
muriate  of  ammonia.  Expose  this  compound  to  a  violent 
4s3 
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Chemiitry.  heat  in  a  matrass,  and  on  breaking  the  matrass,  beautiful 
hexagonal  plates  of  the  aurum  mosaicum  will  be  found 
condensed  within  the  neck  of  the  vessel.  This  sub- 
stance is  in  the  form  of  delicate  scales,  which  have  the 
appearance  of  gold,  and  if  applied  with  varnish  to  any 
smooth  surface,  may  be  made  to  acquire  considerable 
beauty  from  the  operation  of  the  burnisher. 

The  other  sulphuret  of  Tin  was  obtained  by  Berze- 
lius,  who  distilled  deutosulphuret  of  Tin  with  sulphur ; 
and  obtained  what  has  been  called  a  sesquisulphuret, 
but  is  in  our  nomenclature  a  hemideutosutphuret  of 
Tin. 

(668.)  I.  Tin  appears,  as  far  as  trial  has  been 
made,  to  be  capable  of  uniting  with  every  Metal ;  pro- 
ducing greater  or  less  change  in  their  mutual  pro- 
perties. With  potassium,  sodium,  cobalt,  arsenic,  brittle 
alloys  ore  formed.  With  bismuth,  zinc,  and  lead,  the 
alloys  have  considerable  ductility  and  tenacity.  Iron 
does  not  combine  readily  with  Tin,  but  by  fusing  the 
Metals,  in  a  closed  crucible,  an  alloy  is  formed.  Accord- 
ing to  Bergman  (A.)  two  distinct  alloys,  containing  widely 
different  proportions  of  the  Metals,  are  found  afler  fusion 
in  the  same  crucible,  the  one  of  21  Tin  +  1  iron,  the 
other  of  1  Tin  +  2  iron  ;  this  is  a  question  worthy  of 
examination. 

(669.)  R.  The  Salts  formed  by  the  oxides  of  Tin  are 
exceedingly  curious,  and  have  important  properties. 

Diluted  nitric  Acid  (Specific  Gravity  1.114)  dissolves 
Tin  with  effervescence,  and  it  is  recommended  to  moderate 
the  violence  of  the  action  by  plunging  the  vessel  in 
which  the  process  is  carried  on  into  cold  water.  Thus 
a  solution  of  protonitrate  of  Tin  is  obtained.  By  stand- 
ing, and  especially  if  heat  be  applied,  a  portion  of  the 
protoxide  is  deposited  ;  the  solution  al^o  contains  nitrate 
of  ammonia,  for  in  the  process  both  nitric  Acid  and 
water  are  decomposed,  and  by  the  union  of  the  nascent 
azote  of  the  one,  and  the  hydrogen  of  the  other,  the 
alkali  is  generated. 

If,  however,  strong  nitric  Acid  (Specific  Gravity  1.25) 
be  poured  upon  Tin-filings,  ,the  action  is  exceedingly 
violent,  and  the  Metal  being  oxidated  ad  maximum^  is 
entirely  precipitated  in  the  state  of  a  white  powder ;  thus 
pernitrate  of  Tin  cannot  exist.  In  this  case,  also,  am- 
monia is  produced.  This  interesting  experiment  may 
be  performed  by  adding  a  small  quantity  of  strong 
nitric  Acid  to  Tin-foil,  or  Tin-filings,  in  a  Wed^ewood 
mortar,  and  after  the  first  violence  of  the  action  has 
ceased,  and  the  fumes  of  nitrous  Gas  are  chiefly  dis- 
persed, add  a  little  caustic  alkali  or  quick-lime;  on 
rubbing  the  mixture  together  a  pungent  smell  from  the 
disengaged  ammonia  is  perceptible. 

By  the  action  of  cold  sulphuric  Acid  on  this  Metal, 
the  Acid  is  decomposed,  sulphurous  Acid  Gnv  is  pvolvpd, 
and  a  persulphate  of  Tin  is  fully  held  in  solution  ;  by 
evaporation,  thisSalt  gelatinizes,  but  does  not  crystallize; 
and  by  affusion  of  water,  it  is  separated  in  the  form  of  a 
white  powder. 

By  solution  of  the  protoxide  of  Tin  in  this  Acid,  a 
crystalline  protosulphate  may  be  formed. 

If  a  plate  of  Tin  be  placed  in  sulphurous  Acid,  a 
black  powder  gradually  falls,  which  is  sulphuret  of  Tin, 
produced  by  the  partial  decomposition  of  the  Acid  ; 
while  at  the  same  time  a  pari  of  the  Tin  is  oxidated, 
and  hyposulphite  of  Tin  remains  in  solution.  Accord- 
ing to  Herschel,  also,  this  hyposulphite  is  a  soluble 
Salt,  as  mere  Tin  causes  no  precipitate  in  an  alkaline 
hyposulphite. 


Hydrochloric  Acid  readily  dissolves  Tin,  with  evohi-    P 
tion  of  a  fetid   hydrogen  Gas.     In  this  sdulkm  the  ^ 
Metal  is  in  the  state  of  protoxide,  and  fiom  the  stiong 
tendency  which  Tin  has  to  pass  to  ttie  higher  degree  ef 
oxidation,  this  solution  produces  marked  eflfects  in  many 
metallic  solutions,  wherein  the  oxygen  is  combiiied  witli 
the  Metal  by  a  feeble  degree  of  affinity.     Thus  by  prolo- 
hydrochlorate  of  Tin,  solutions  of  zinc,  antimony,  nlvci; 
and  mercury,  are  precipitated    in  the  metallic  states 
either  pure  or  mixed  with  some  portion  of  Tin.    Wkh 
gold  a  purple  precipitate  is  produced,  containing  boCh 
gold  and  Tin  in  some  state  of  combination,  not  at  pie* 
sent  clearly  understood.    The  persalta  of  iron  are  n-. 
duoed  to  the  state  of  protosalts.     For  many  more  of 
these  important  properties  we  must  refer  to  the  Memoii^ 
of  Pelletier  and  Proust.     This  protohydrochlorate  mt^ 
be  crystallized,  but  readily  changes  to  the  state  of  deo^ 
hydrochl orate,  if  great  care  be  not  taken  to  presenre  it 
from  oxygen.    The  deuthydrochlorate  may  be  fomed  bf 
dissolving  the  dcutoxide  of  Tin  in  muriatic  Acid,  or  ^ 
the  process  before  given  for  obtaining  Libaviua's  Uquoi^ 
in  which  state  it  has  been  already  described. 

From  the  failures  of  Bergman  (t.)  and  Promt 
(A;.)  it  would  appear  that  no  carbonate  of  Tin  at 
exist. 

Phosphate  of  Tin  being  insoluble  In  water,  ii 
formed  by  adding  hydrochlorate  of  Tin  to  an  alkaliM 
phosphate,  but  liquid  phosphoric  Acid  has  scarcely  tof 
action  on  metallic  Tin. 

Precisely  similar  properties  mark  the  action  of  boncit 
Acid.  Arsenic  Acid  is  slowly  decomposed  if  digestei 
upon  Tin ;  but  by  adding  this  Acid  to  acetate  of  Tin, « 
by  mixing  alkaline  arseniates  with  muriate  of  Tin,  ts 
insoluble  arseniate  of  Tin  is  precipitated.     . 

With  the  assistance  of  heat,  acetic  Add  seta  tlomiif 
upon  Tin;  and  both  the  protacetate  and  deataoetaH 
seem  to  have  been  formed ;  the  first  capable  of  crystal 
lization ;  the  second  only  capable  of  gelatinisation. 

Benzoic  Acid  does  not  dissolve  Tin  or  its  oxides,  hst 
by  adding  benzoate  of  potash  to  a  solution  of  Tin  a 
benzoate  of  Tin  is  precipitated.  It  is  soluble  in  hot 
water,  but  insoluble  in  alcohol. 

Succinate  of  Tin  is  a  crystalline  Salt  in  tables,  pro* 
duced  by  dissolving  the  oxide  in  the  Acid  and  slov 
evaporation. 

By  the  aid  of  heat,  oxalic  Acid  first  blackens  TUMp 
and  then  incrusts  its  surface  with  a  white  oxidc,tf 
which  a  portion  is  taken  up.  Prismatic  crystals  msj 
be  obtained  by  slow  evaporation. 

Tartrate  of  Tin  is  formed  by  dissolving  the  metatte 
oxide  in  tartaric  Acid.  By  boiling  oxide  of  Tin  ia 
a  solution  of  tartrate  of  potash,  a  very  soluble,  bat 
crysialliaable,  double  Salt  is  formed,  from  which  the 
alkalis  and  their  carbonates  produce  no  precipitate,  (si.) 

Deutoxide  of  Tin  appears  also  to  dissolve  in  nitrats 
of  ammonia,  producing  a  double  Salt  in  solution.  (L)  - 

(670.)  L.  The  effects  of  reagents  upon  solutions  of 
Tin  are  as  follows.  Gallic  Acid  and  infusion  of  galls, 
no  precipitate.  Prussiate  of  potash,  a  white  one.  Hy- 
drosulphuret  of  potash,  a  dark  brown  one  in  Salts  of  the 
protoxide,  and  a  deep  yellow  precipitate  in  those  of  the 
deutoxide.  Corrosive  sublimate  produces  in  the  former 
Salts  black,  in  the  latter  white  precipitates.  Lead  pee* 
cipitates  Tin  from  some  of  its  Salts  in  the  metallic 
state.  With  the  protosalts  a  solution  of  gold  prodooes 
a  purple  precipitate. 

(671.)  M.  Tin  is  of  importance  in  the  Arts  for  the 
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r.  formation  of  several  alloys.  The  bronze  of  the  Ancients, 
a  very  beautiful  compound,  sufficiently  hard  for  the  fur* 
tnation  ofswords  and  sj^ear-heads,  consisted  of  SB  parts 
of  copper  and  12  of  Tin.  Gun-rnetnl  is  of  about  I  lie 
same  composition,  (rt.)  (o.)  In  bell-metal  the  Tin  is 
from  one-fifth  to  one-third  of  the  ueirrht  of  ihc  copper* 
The  Chinese  ^ngc  is  formed  of  80  of  copper  and  20  of 
Tin.  (jj.)  For  the  *^pecula  of  telescopes^  Mudge  re* 
commendH  1  part  of  Tin  to  2  of  cfipper;  but  Mr,  Ed- 
word  b^s  experiments  are  in  favour  of  a  more  complex: 
material,  consisting  of  32  of  copper^  15  or  IG  of  Tin, 
with  brass,  arsenic,  and  silver,  each  1  part,  iq.)  The 
surface  of  copper-vessels  for  culinary  pvirpose^  is  often 
covered  with  a  film  of  Tin^  to  prevent  the  poisonous 
effecti*  produced  hy  solution  of  the  former  Metal  The 
proce^-s  is  extremely  simple:  the  copper  being-  first 
pohshed,  and  then  covere<l  with  a  coatings  of  sal  ammo- 
niac or  pitch,  to  prevent  oxidation,  and  the  vessel  being 
heated,  the  Tin  ia  applied  hot,  and  readily  adheres  to 
the  surface  of  the  copper.  On  similar  p  rind  pies  the 
xnanufacture  of  Tin-plate  is  effected ;  thin  sheets  of 
polished  iron  are  dipped  into  a  vat  of  melted  Tin,  having 
a  coat  of  tallow  floating  upon  its  surface.  The  Tin 
unites  with  the  surfiices  of  the  iron  forming  with  it  an 
alloy  to  a  slight  depth.  Pewter  is  of  very  variable  ^um- 
position,  but  most  is  formed  from  Tin  and  lead ;  the 
best,  however,  contains  only  Tin  with  a  little  antimony ♦ 
This  compound  may  safely  be  used  even  for  vinegar  ; 
for  unless  the  lead  be  in  improper  excess,  none  of  it  is 
taken  up  by  the  Acid  ;  but  if  any  solution  takes  place,  it 
is  only  of  a  small  cpiantily  of  Tin,  Nitric  Acid»  on  the 
contrary,  takes  up  more  of  the  lead  than  of  Tin.  Plombers' 
solder  contains  equal  ports  of  Tin  and  lead.  In  silvering' 
mirrors^  Tin-foil  is  spread  on  flat  stones,  and  then  coverecl 
with  quicksilver  ;  the  glass  is  then  so  applied  as  to  re- 
move as  much  as  possible  of  the  mercury,  and  the  re- 
maining amalgam  adheres  to  the  surface  of  the  glass. 
The  oxides  of  Tin  are  the  principal  basis  of  white 
enamel ;  and  some  of  its  Salts  are  of  great  use  as  mor- 
dants in  dyeing,  (r.) 

References  to  §  3, 

(a,)  Hist  NaL  ch,  xvii,  lib,  xxxiv,  (6,)  No.  xxxi. 
p.  22.  (c.)  Geo.  Tram,  vol.  i,  (d,)  Pajot,  Jour,  de 
Phys.  vol.  xxxviii.  (e.)  Gay  Lussac,  An,  de  Ch.  vol. 
Ixxx.  (/)  Nich,  Joitr.  vol  xxxv.  (g.)  PhiL  Tram, 
1812.  (h.)  Opiisc.  voh  iii.  p.  471,  (i.)  Optntc,  vol.  ii. 
Ck,)  Jour,  de  Pkyn,  vol  li,  (/.)  Thenard,  An,  de  Ck. 
vol  xlii.  (f/i.)  Thenard,  An.  de  CA.  vol.  xxxviil  (n.) 
Pearson,  Phil.  Trans.  1196.  (o,)  Uv£6,  Jour,  dc Phys. 
1790.  (p.)  Thomsnn.^n.  PM.  volii.  (g.)  Mndge. 
Nich.  Jour.  vol.  iil  and  Little,  Nich.  Jour,  vol  xvi, 
(r.)  Mode  of  Making  Tin  Plate»  Watson,  Essays,  vol  ix, 
and  Parkes,  Manch,  Man.  N.  S.  vol  iii, ;  Proust, Nich. 
Jour,  vol,  xiv. ;  Pellet ier.  Menu  de  CL  torn.  i.  and  ii. 

Sect,  lY,— Zinc, 

(672,)  A*  Metallic  Zinc  was  unknown  to  the  An- 
cients«  though  they  were  well  acquainted  with  its  ore, 
and  used  it  largely  in  the  formation  of  brass.  Owing 
to  its  volatile  nature  and  strong  affinity  for  oxygen  they 
never  obtained  it  in  the  reduced  form,  though  its  oxide 
fornted  some  of  their  medicinal  preparations,  Pliny 
says,  Piura  autmi  genera  $unt^  namqnc  ipse  la  pit  ej^ 
qua  fit  ms^cadrma  vocatnr,  (a,)  Ilenckel  first  mentions 
lis  reduction  in  1721,     Zinc  has  never  been  found  in 


the  metallic  state,  but  exists  abundantly  as  a  sulphuret 
and  carbonate:  sometimes  also  combined  with  oxygen 
and  silica. 

(673,)  B.  The  reduction  of  Zinc  is  performed  on 
a  large  scale  in  Britain,  principally  from  (lie  sul- 
phuret ;  the  ore  is  roasted,  and  then  reduced  to  powder^ 
mixed  with  charcoal,  and  violently  heated  in  earthen 
melLiug-pots,  It  either  passes  in  fusion  through  an 
iron  tube  from  the  bottom  of  these  crucibles,  or  is  vola- 
tilized ;  and  in  both  cases,  the  tube  terminating  in  a 
vessel  of  water,  the  Metal  is  condensed,  and  sidjjseqnently 
fused  into  convenient  masses  for  market.   (/>,) 

To  obtain  pure  Zinc  for  Chemical  purposes,  let  the 
Metal  be  dissolved  in  sulphuric  Acid  to  saturation* 
leaving  a  plate  of  the  Metal  a  short  time  in  thesolulion, 
by  which  all  impurity  of  foreign  Metals  will  be  precipi- 
tated, Decompose  the  filtered  solution  by  an  alkaline 
carbonate,  and  reduce  the  powder  produced;  hy  mixing 
it  with  half  its  weight  of  charcoal,  and  submitting  it  lo 
a  strong  heat  in  a  retort,  the  pure  Zinc  will  condense  in 
the  beak  of  the  vessel,  which  is  to  he  kept  cool 

(674.)  C.  Zinc  is  of  a  bluish-white  colour,  of  a  lami- 
nated structure,  and  fine  granular  fracture.  Specific 
Gravity  6.8  tu  7.1,  more  malleable  than  antimony,  but 
less  so  than  copper  or  lead  ;  rather  ductile,  but  at 
ordinary  temperatures  not  very  elastic.  At  a  tempera- 
ture from  212°  to  SIO'^  it  becomes  very  malleable,  and 
may  be  formed  into  thin  sheets  by  passing  it  between 
steel  rollers  ;  at  400°  it  becomes  again  quite  brittle, 
and  may  be  pulverized,  and  at  about  480°  Fahrenheit  it 
fuses  (Black.)  By  liigher  temperatures  it  is  capable 
of  distillation  in  clo^e  vessels. 

(075,)  D.  Though  the  surface  of  Zinc  becomes 
tarnished,  it  can  scarcely  be  said  to  undergo  oxidation 
by  exposure  to  the  air.  At  ordinary  lemperalurcs  it 
very  slowly  decomposes  water  ;  but  if  watery  vapour  be 
passed  over  Zinc  made  red  hot,  a  most  rapid  decompo- 
sition is  effected,  the  Metal  becomes  oxidated,  and 
hydrogen  is  evolved.  If  Zinc  be  fused  in  an  open 
vessel,  it  forms  a  greyish  oxide.  But  if  an  earthen 
crucible  be  heated  red  hot,  and  small  pieces  of  Zinc  be 
projected  into  it,  a  most  intense  while  light  marks  rapid 
combustion,  and  an  abundance  of  white  flakes  are 
carried  up  hy  the  current  of  heated  air.  This  delicate 
white  powder,  the  nihil  album,  lana  philosophica  of  the 
Alchemists,  Flowers  of  Zinc  of  the  eariy  medical  writers, 
is  the  pure  white  oxide  of  this  Metal  This  substance 
is  not  volatile,  and  very  difficult  of  fusion ;  insoluble  in 
water,  it  absorbs  carbonic  Acid  from  the  atmosphere,  is 
not  decomposed  by  heat,  hut  reducible  by  the  Voltaic 
pile  ;  and  by  heat,  if  in  contact  with  charcoal,  the  Metal 
distils  over  in  closed  vessels.  It  is  the  only  oxide  which 
Chemists  have  been  able  to  procure  from  this  Metal 

(676.)  E,  Zinc  readily  takes  fire  in  chlorine  Gas» and 
a  chloride  of  Zinc  is  Ibrmed.  By  evaporating  a  solu- 
tion  of  hydrochlorate  of  Zinc  to  dryness,  and  subse- 
quent exposure  to  a  red  heat  in  a  ghiss  tube  with  a 
minute  orifice,  the  same  substance  is  produced.  In  this 
state,  according  to  Dr.  John  Davy,  (c.)  it  is  not  capable 
of  being  sublimed  hy  a  low  red  heat. 

(677,)  F.  Zinc  is  soluble  in  fluoric  Acid,  and  it 
seems  very  probable  that  by  exposure  lo  heat  the  Salt 
so  formed  would  be  converted  into  a  fluoride  of  Zinc, 

(679,)  G,  If  iodine  and  Zinc  be  fused  together, 
iodide  of  Zinc  is  formed.  It  is  a  volntilc  compound, 
which  on  condensation  crystallizes  in  small  quadrangu- 
lar prisma,  which  deliquesce  by  exposure  to  air,  and  rp« 
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ChemUtiy.  soluble  in  water.     In  this  state  it  becomes^  in  ikct,  a 
^  ^"v"^"^  solution  of  hydriodate  of  Zinc 

(679.)  H.  Zinc  unites  with  phosphorus,  forming  a 
metallic-looking  compound.  The  snlphuret  of  this 
Metal  cannot  be  directly  formed  by  melting  the  two  sub- 
stances together,  but  if,  instead  of  metallic  Zinc,  Its 
oxide  is  fused  with  sulphur,  a  true  sulphuret  is  formed. 
The  same  substance  is  precipitated  by  dropping  an 
alkaline  hydrosulphuret  into  a  solution  of  Zinc.  Ac- 
cording to  Mr.  E.  Davy,  if  the  vapour  of  sulphur  is 
passed  over  Zinc  in  fusion,  a  yellowish  compound,  simi- 
lar to  blende,  is  produced.  The  properties  of  Zinc  and 
selenion  are  precisely  similar  to  those  just  described. 
Direct  union  is  impossible,  but  when  volatilized  selenion 
comes  in  contact  with  fused  Zinc  red-hot,  an  instanta- 
neous combination  takes  places  with  such  violence,  as 
to  produce  a  sort  of  detonation,  (d.)  Zinc  has  not  been 
united  to  boron  or  silicon,  and  it  is  stated  not  to  com- 
bine with  hydrogen  or  azote.  It  must,  however,  be  re- 
membered that  most  Chemists  arc  of  opinion,  that  in  the 
common  process  of  obtaining  hydrogen  by  the  action  of 
sulphuric  Acid  and  Zinc  upon  water,  some  portion  of 
the  Metal  is  carried  up  along  with  the  Gas. 

(680.)  I.  Zinc  has  been  alloyed  with  potassium, 
sodium,  (e.)  iron,  antimony,  copper,  gold,  silver,  lead, 
tin,  and  mercury.  It  is  said  that  it  refuses  to  unite  with 
nickel  and  cobaJt. 

(681.)  K.  Nitric  Acid  readily  dissolves  Zinc  or  its 
Glide ;  and  in  operating  upon  the  Metal  it  is  advisable 
to  moderate  tlie  action,  by  using  the  Acid  in  a  dihite 
state.  By  evaporation,  this  nitrate  is  said  to  crystallize 
in  *'  flat,  striated,  tetrahedral  prisms,  terminated  by  four- 
sided  pyramids."  These  crystals  are  soluble  in  water 
and  alcohol.  Tliey  are  entirely  decomposed  by  a  suffi- 
cient heat. 

Concentrated  sulphuric  Acid  has  little  action  upon 
Zinc  without  heat,  but  if  diluted,  dissolves  it  with 
rapidity.  By  evaporation,  the  sulphate  of  Zinc  crystal- 
lizes in  four-sided,  rectangular  prisms,  terminated  by 
tetrahedral  pyramids.  In  this  state  it  is  the  white 
vitriol  of  Commerce.  By  a  strong  and  continued  heat, 
it  13  entirely  decomposed,  leaving  oxide  of  Zinc  in  great 
purity. 

Sulphurous  Acid  dissolves  oxide  of  Zinc,  forming  a 
cryptaliizable  sulphite  which  is  not  soluble  in  alcohol. 

On  metallic  Zinc,  sulphurous  Acid  exerts  a  consider- 
able violence  of  action,  and  hydrosulphuric  Acid  Gas  is 
given  out,  the  water  undergoes  an  entire,  and  the  Acid 
a  partial,  decomposition ;  oxygen  goes  to  the  Zinc,  and 
part  of  the  sulphur  escapes  in  combination  with  the 
hydrogen ;  thus  the  Acid  becomes  the  hyposulphurous, 
and  beingneutralized  by  the  oxide,  hyposulphite  of  Zinc 
reiaains.  By  spontaneous  evaporation,  slender,  four- 
sided  crystals,  with  pyramklal  summits,  are  produced. 
These  are  soluble  in  water  and  alcohol.  (Fourcroy.) 

The  carbonate  of  Zinc  occurs  native,  and  is  known 
by  the  name  calamine ;  it  exists  both  as  an  hydrous 
and  as  an  anhydrous  Salt.  A  solution  of  carbonic  Acid 
dissolves  both  Zinc  and  its  oxide,  but  the  carbonate  is 
more  readily  formed  by  adding  an  alkaline  carbonate  to 
a  solution  of  Zinc  The  Salt  precipitates  in  the  form 
of  a  white  powder ;  but  is  again  dissolved  by  excess  of 
the  precipitating  Acid. 

Borate  of  soda  in  solution,  added  to  sulphate  of  Zinc 
in  the  same  state,  throws  down  a  white  powder,  con- 
sisting of  borate  of  Zinc,  which  heat  fuses,  but  docs  not 
decompose. 


Phosphoric  Ackl  dissolves  Zinc,  but  oeaicf  to  aek     | 
when  the  Salt  has  arrived  at  the  state  of  a  biphospliate,  v« 
which  may  be  evaporated  jast  to  drynoB  vrhlioat  cryatal^ 
lization  or  decomposition.  If,  however,  svch  a  aataratcd 
solution  be  boiled  upon  carbonate  of  Zinc,  ft  Iroe  irao- 
luble  phosphate  of  Zinc  is  formed. 

Berzelius  has  described  the  seleniate  and  Jwaeleaialg 
of  Zinc ;  (/.)  the  former  is  insoluble,  the  latter  sdiibia 
in  water. 

The  arseniate,  antimoniate,  tnngatate,  molybdate,  sad 
chromate  of  Zinc,  are  formed  by  adding  their  alkaKnft 
Salts  to  a  solution  of  sulphate  of  Zinc ;  in  all  cases  ^ 
white,  insoluble  powder  is  precipitated,  the  chromate  cs-^ 
cepted,  which  is  of  an  orange-red  colour. 

Acetic  Acid  dissolves  Zinc ;  and  by  evaporatioB  ^^ 
crystalline  acetate  is  obtamed,  readily  soluble  in  water* 

Hie  benzoic,  succinic,  malic,  and  lactic  Acids,  dissoNr^ 
Zinc,  and  form  crystallizable  Salts,  which  are  ag«j^ 
soluble  in  water. 

The  oxalic,  citric,  and  tartaric  Acids  also  attack  Zim; 
but  the  SalU  which  are  thus  formed,  immediately  scpi- 
rate  from  being  insoluble  in  water. 

A  double  tartrate  of  potash  and  Zinc  may  be  forawd 
by  boiling  tartaric  Acid  and  Zinc  filings  in  water,  (g,) 
A  double  sulphate  of  Zinc  and  iron  is  formed  by  mi^ 
a  solution  of  sulphate  of  iron  with  that  of  snlpkate  i 
Zinc  ;  the  Salt  is  soluble,  and  may  be  obtuned  in  cr^ 
tals  by  evaporation.  Sulphate  of  Zinc  and  cobalt  OMf 
be  formed  by  digesting  zaffre  in  a  solution  of  so1pl»t» 
of  Zinc.    It  crystallizes  in  large,  four-sided  prisms,  (i) 

A  mineral  substance,  known  by  the  name  of  dedrie 
calamine,  consists  of  silica  and  oxide  of  Zinc ;  aai 
here  the  former  substance  is  considered  to  peribrm  (be 
part  of  an  Acid  ;  it  is  therefore  called  silicate  of  Zmcu 
The  crystalline  forms  are  numerous;  a  small  hexagonal 
prism  or  an  acute  octahedron  is  the  most  common. 

Caustic  ammonia  is  capable  of  dissolving  the  oxide  of 
Zinc,  and  has  even  some  action  on  the  Metal ;  after 
which  a  mass  of  plumose  crystals  may  be  obtained  lif 
evaporation.  From  such  a  solution  copper  prectpilstei 
Zinc  ;  but  Zinc  precipitates  copper  from  an  Acid.  May 
not  this  tend  to  prove  that  the  oxide  of  Zinc  here  acts 
the  part  of  an  Acid  ? 

(682.)  L.  Many  of  the  instances  in  which  safine 
solutions  form  reagents  for  the  separation  of  Zinc,  may 
be  collected  from  the  preceding  section.  Its  Salts,  when 
in  solution,  are  always  colourless.  Alkalis  produce 
a  white  precipitate,  soluble  in  sulphuric  or  hydrochloiie 
Acid.  Prussiate  of  potesh,  hydriodate  of  potash,  hy 
drosulphate  of  potash,  and  hydrosulphuric  Acid  Gm, 
produce  white  precipitates.  Gallic  Acid  and  infuskn 
of  galls  give  no  precipitate.  Zinc  is  not  thrown 
down  in  the  metallic  sUte  firom  iU  solution  by  any  other 
Metal. 

(683  )  M.  The  sulphate  of  Zinc  is  used  as  an  emetie^ 
and  the  acetate  has  recently  been  recommended  by  Dr. 
Henry  as  an  external  application  to  remove  inflamma- 
tion. It  has  long  formed  a  constituent  of  some  empiric 
eye- waters. 

Zinc  is  principally  obtained  on  the  large  scale  for  the 
formation  of  brass.  This  useful  and  beautiful  alloy 
commonly  consists  of  about  62  to  66  of  copper,  with 
from  32  to  35  of  Zinc;  (Chaudetj)  the  more  valuable 
kind,  known  by  the  name  of  Dutch  brass,  was  found  by 
Thomson  to  contain  70  of  copper  and  30  of  Zinc,  but 
he  considers  that  much  of  its  superiority  consists  in  the 
greater  purity  of  the  Metals,  which  in  common  brass 
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are  contaminated  with  leafL  (/.)  When  the  capper  is 
in  f^reater  proportion,  other  Metals  are  formed^  known 
m  Commerce  by  the  names  of  pinchbeck.  Prince's  metal, 
&c.  A  considerable  quantity  of  Zinc  is  employed  for 
the  plates  of  galvanic  balteries.  It^  while  oxide  forms 
a  pure  and  delicate  white  paint.  Recently  it  has  been 
mnch  employed  for  making  ihe  shoots  carried  round  the 
eaves  of  houses  to  collect  raiu -water. 

References  to  §  4* 

{a.)  Hid,  Nat  ch.  xxxiv.  sec,  10,  (b.)  Watson, 
JEstatft,  vol.  iv.  (o.)  PhiL  Trans.  1BI2.  (d.)  Berase- 
}ins,  An.  de  Ck,  et  Ph.  vol,  x.  (e,)  Gaj  Lussac  and 
Thenard,  Recherches.  (/)  An.  de  €L  ei  Ph.  voL  tx. 
0?,)  Tlienard,  An.de  Ch.  \o\.  xxxviii.  (A.)  Link,  Crell's 
Annals,  1796.     (i.)  ^/».  P/m7.  voK  xii. 


Sect.  V.' — Cadmium. 

(684.)  A,  In  the  year  1817,  Professor  Stromeyer  of 
Gottingeu  discovered  Llie  oxide  of  a  peculiar  Metal  as  an 
impurity  in  oxide  of  zinc»  sold  (or  medicinal  pnrposes; 
while  at  the  same  time  a  peculiarity  in  a  preparation  of 
zinCj  from  the  manufactory  of  M.  Hermnnn  in  Silesia, 
led  to  the  observation  of  the  same  metallic  oxide.  The 
oxide  of  zino  had  been  condemned  on  the  supposition 
that  it  contained  arsenic,  because  it  produeed  an  oranp^e 
precipitate  with  hydrosnlphuric  Acid  Gas.  On  more 
accurate  investij^ation,  this  suspicion  was  found  to  he 
without  foundation  ;  and  some  of  the  orange  precipitate 
lia\ing  been  transmitted  to  Stromeyer,  he  recogiiised  in 
it  the  same  metallic  oxide,  to  the  Metal  from  which  he 
gave  the  name  of  Cadmium,  (a.)  Tliis  Metal  has  since 
been  fonnd  in  some  of  the  English  ores  of  zinc  by  Pro- 
fessor Clarke  of  Cambridg;e ;  (&,)  but  its  most  abun- 
dant ore  is  the  brown  fibrous  blende  of  Bohemia.  Mr, 
Herapath  has  pointed  out  an  abundance  of  the  oxide 
also  in  the  sublimate  from  zinc  furnanes,  (c) 

(685.)  B,  Stromeyer's  process  for  obtain inf^  the 
Metal  is  as  follows.  A  solution  of  the  ore  or  oxide  is 
made  in  sulphuric  Acid,  by  passing  a  current  of  hydro- 
sulphuric  Acid  Gas  through  the  Liquid;  the  Cadmium, 
2lnc,  and  copper,  if  present,  are  precipitated.  Redissolve 
in  concentrated  hydrochloric  Acid,  and  evaporate  to 
dryness,  to  get  rid  of  the  excess  of  Acid.  Dissolve  in 
water,  and  add  excess  of  carbonate  of  ammonia,  by 
which  the  zinc  and  copper  arc  dissolved,  but  the  carbon- 
ate of  Cadmium  remains  Jn  the  state  of  a  fine  white 
powder.  At  a  red  heat  the  Acid  is  driven  off,  and 
oxide  of  Cadmium  remains.  This  oxide  may  be  re- 
duced to  the  metallic  state  by  mixing  it  with  lamp-black, 
and  exposure  to  a  low  red  heat  in  a  glass  lube  or  small 
retort. 

The  following'  elegant  process  for  obtaining  Cad- 
mium is  from  Dr.  Wollaston,  From  the  solution  of  the 
ore,  precipitate  all  other  metallic  impurities  by  a  plate 
of  iron  ;  filter,  and  immerse  a  plate  ot  zinc  in  tlie  clear 
solution:  if  Cadmium  be  present,  it  will  be  precipitated 
in  the  melallic  state,  and  may  be  redissolved  in  hydro- 
chloric Acid,  for  the  exhibition  of  appropriate  tests. 

(6S6.)  C.  Cadmium  is  of  a  bluish- white  colour,  and, 
much  like  tin,  susceptible  of  a  fine  polish.  Its  texture 
is  compact,  and  Specific  Gravity  8,604—8.691.  It 
fiises,  and  is  volatilized  below  a  red  heat;  in  fact,  at  a 
heat  rather  above  that  of  boiling  mercury.  It  crystal- 
lizes in  oclohedrals,  is  fiexible,  and  gives,  on  bending,  the 


game  souud  as  tin  does.  It  is  ductile  snd  malleable* 
yielding  readily  to  the  knife;  but  exceeds  tin  in  hard- 
ness ami  tenacity. 

(687.)  D.  When  Cadmium  is  heated  with  access  of 
air,  it  burns,  and  the  smoke  condenses  in  the  form  of  a 
brown  powder,  its  only  known  oxide.  In  this  state  it  is 
readily  solnble  in  nitric  Acid,  and  feebly  so  in  dilute 
hydrochloric,  sulphuric,  and  acetic  Acids.  Oxide  of 
Cadmium  is  soluble  in  ammonia,  but  not  in  the  fixed 
alkalis, 

(688.)  E,  If  oxide  of  Cadmium  be  dissolved  in 
hydrocldoric  Acid,  small  rectangular  crystals  of  hydro- 
chlorate  of  Cadmium  are  obtained  by  evaporation.  By 
heal  these  are  converted  into  chJoride  of  Cadmium,  and 
are  even  capable  of  volatilization  unaltered. 

(em.)  R  Unknown. 

(690.)  G  Iodine  and  Cadmium^  if  heated  together, 
readily  unite.  Or  if  water  be  boiled  upon  the  two  sub- 
stances in  contact,  a  solution  is  obtained,  which  by 
evaporation  may  be  crystallized  in  the  form  of  hexa- 
gonal plates.  Ttiese  crystals  are  decomposed  by  heat, 
and  arc  soluble  in  water  and  alcohol. 

(69!.)  If,  The  combinations  which  ought  to  fall 
under  this  head  ure  at  present  little  investigated.  Cad- 
mium and  sulphur  do  not  unite  readily  by  fusion,  but 
Ihe  snip hn ret  is  easily  formed  by  [>assi ng  a  current  of 
hydrostdphuric  Acid  Gas  through  a  solution  nf  a  Salt 
of  Cadmium.  Tlie  yellow  sulphuret  thus  produced, 
forms,  according  to  Stromeyer,  an  excelient  paint.  By 
the  aclion  of  nitric  Acid,  the  sul| .buret  is  converted 
into  a  neutral  sulphate.  The  phosphuret  of  Cadmium 
is  a  grey,  metallic-looking,  brittle  subslance,  easily 
fusible  ;  placed  on  burning  coals  it  ignites,  and  is  con- 
verted into  the  phosphate. 

(692.)  L  As  yet  Cadmium  baa  been  alloyed  only 
with  copper,  mercury,  cobalt,  platinum,  and  zinc. 

(693.)  K.  The  Salts  of  Cadmium  are  at  present 
little  known.  The  nitrate,  sulphate,  and  acetate  are 
soluble  in  water.  The  carbonate,  phosphate,  and  oxa- 
late are  insoluble  in  water.  The  borate^  tartrate,  and 
citrate  are  very  sHglitly  soluble* 

(694.)  L,  In  solutions  of  Cadmium  the  fi-^ied  alkalis 
produce  permanent  precipitates,  but  ammonia  pro- 
duces a  precipitate  which  excess  of  the  alkali  again 
dissolves.  "  The  alkaline  carbonates  throw  down  Cad- 
mium in  the  state  of  a  white  carbonate.  This  carbon- 
ate does  not  lorm  an  hydrate,  as  is  the  case  with 
carbonate  of  zinc.  Neither  is  it  redissolved  by  adding 
excess  of  carbonate  of  ammonia,  as  is  the  case  with  car- 
bonate of  zinc,  unless  there  previously  existed  a  notable 
excess  of  Acid  in  the  solution.** 

**  Phosphate  of  soda  throws  down  Cadmium  in  the 
state  of  a  white  powder,  zinc  in  the  state  of  crystalline 
scales***     Thomson, 

HydroBulphuric  Acid  Gas  and  the  bydrosylphurets 
produce  a  yellow  precipitate,  easily  soluble  in  hydro- 
chloric Acfd,  and  unaltered  by  a  low  red  heat ;  in  which 
two  points  it  differs  from  orpimtnt 

Prussiate  of  potassa  precipitates  solution  of  Cad^ 
miuni  white. 

Infusion  of  galls  gives  no  precipitate. 

Cadmium  is  precipitated  by  ^inc  in  the  metallic  state. 

(695.)  M,  None  at  present. 

References  to  §  &. 
(a.)  Stromeyer,  An,  Phil  vol.  xiii. ;    Gilbert,  An* 
naten,  vol  Ix.  j  An.  Phil  vol.  xiv.  p.  269,     (6,)  Clarke, 
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Sect.  I. — Arsenic. 

(696.)  A.  "  The  word  Arsenic  (apaevixop)  occurs 
first  in^the  Works  of  Dioscorides,  and  some  authors  who 
wrote  about  the  beginning  of  the  Christian  era.  It 
denotes  in  their  Works  the  same  substance  which  Ari- 
stotic  had  called  eavlapaxii ;  and  his  disciple  Theo- 
phrastus  tippcviKov,  which  is  a  reddish-coloured  mineral, 
composed  of  Arsenic  and  sulphur,  used  by  the  Ancients 
in  painting,  and  as  a  medicine,  (a.) 

'*  The  white  oxide  of  Arsenic,  or  what  is  known  in 
Commerce  by  the  name  of  Arsenic,  is  mentioned  by 
Avicenna,  in  the  Xlth  century ;  but  at  what  period  the 
MeUl  called  Arsenic  was  first  extracted  from  that 
oxide  is  unknown.  Paracelsus  seems  to  have  known 
it;  and  a  process  for  obtaining  it  is  described  by 
Schroeder  in  his  Pharmacopoeia,  published  in  1649. 
But  it  was  only  in  the  year  1733,  that  this  Metal  was 
examined  with  Chemical  precision.  This  examination, 
which  was  performed  by  Mr.  Brandt,  (6.)  demonstrated 
its  peculiar  nature ;  and  since  that  time  it  has  been 
always  considered  as  a  distinct  MeUl,  to  which  the  term 
Arsenic  has  been  appropriated.  Its  properties  were 
still  further  investigated  by  Macquer,  in  1746,  (c.)  by 
Monnet,  in  1773,  (d.)  by  Bergman,  in  1777.  (e.)  To 
the  labours  of  these  Philosophers,  and  those  of  Mr. 
Scheele,  (/.)  we  are  indebted  for  almost  every  thing 
known  about  the  properties  of  this  Metal.  Its  combina- 
tions with  oxygen  have  been  carefully  examined  by 
Proust,  (g.)  Bucholz,  (fi.)  Berzelius,  (i.)  and  some 
other  Chemiste."  (ifc.)    Thomson.  (/.) 

Arsenic  exists  native,  in  the  state  of  an  oxide;  and 
as  a  constituent  part  of  many  metalliferous  ores. 

(697.)  B.  To  obtain  metallic  Arsenic,  let  the  white 
oxide  of  Commerce  be  mixed  with  half  its  weight  of 
black  flux ;  (made  by  deflagrating  two  parts  of  crystals 
of  Urtar  with  one  part  of  nitre  in  a  crucible.)  Put  the 
mixture  into  a  crucible ;  invert  over  this  another 
crucible,  and  let  the  two  be  luted  together  with  sand 
and  clay.  Expose  the  lower  crucible  to  a  red  heat, 
and  let  the  upper  one  be  kept  as  cool  as  possible. 
Brilliant  metallic  Arsenic  will  be  found  sublimed  into 
the  upper  crucible.  A  wide  earthen  tube-retort,  divided 
into  two  parts,  would  be  more  convenient 

(698.)  C.  Arsenic  is  so  brittle  and  soft  that  it  may 
easily  be  pulverized.  It  is  readily  fusible,  and  rises  in 
vapour  at  about  356°  Fahrenheit.  When  thrown  on  a 
red-hot  iron,  it  burns  with  a  blue  flame  and  a  white 
smoke,  having  a  strong  alliaceous  odour.  This  odour 
is  not  present  when  only  the  oxides  of  Arsenic  are  vola- 
tilized. 

(699.)  D.  If  Arsenic  be  moderately  heated  with  free 
access  of  atmospheric  air,  sublimation  takes  place,  and 
a  while  powder  is  condensed,  which  is  Arsenious  Acid. 
See  subsect  1. 

Besides  this  oxide  another  exists  having  also  acid 
properties.  This  was  discovered  by  Scheele ;  and  the 
process  recommended  by  Bucholz  for  obtaining  it  is  as 
follows.  Mix  two  parts  of  hydrochloric  Acid,  Specific 
Gravity  1.2;  eight  parts  of  Arsenious  Acid;  and 
twenty.four  parts  of  nitric  Acid.  (Specific  Gravity  1.25.> 
Evaporate  the  mixture  to  dryness,  giving  at  last  a  low 
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(c.)  Herapath,  An.  Phil,     red  heat,  (m.)     The  same  Acid  is  still  more  readily- 
obtained  by  dissolving  Arsenic  in  nitric  Acid,  andevap^^^ 
rating  to  dryness.     See  subsect  2. 

As  far  as  at  present  known,  the  following  is  the 
position  of  these  two  oxides : 


Arsenious  Acid . 
Arsenic  Acid  . . . 


Ari6iu&  Oxygsn. 

.  one  atom  -f-  two  atoms. 

, .  one  atom  -f-  three  atoms. 


In  this  and  all  such  cases  it  is  surely  more  easy  ^ 
speak  of  the  deutoxide  and  tritoxide  of  Arsenic,  and  (0 
remember  that  the  protoxide  has  not  yet  been  exhibit^^ 
than  it  is  to  speak  of  the  protoxide,  and  to  remembv 
that  it  contains  an  atom  more  oxygen  than  protoxidci 
in  general ;  and  of  the  deutoxide,  having  also  to  n- 
member  that  it  is  similarly  circumstanced. 

(700.)  E.  Arsenic  undergoes  combustion  in  chloriat 
Gas,  and  a  true  chloride  of  Arsenic  is  formed.  It  ii 
most  fully  described  by  Dr.  Davy,  (n.) 

(701.)  F.  Unknown. 

(702.)  G.  Iodine  and  Arsenic  unite  to  form  a  deep 
red  iodide,  which  is  capable  of  decomposing  water  and 
affords  Arsenic  and  hydriodic  Acids. 

(703.)  H.  Arsenic  unites  with  hydrogen  to  form  a 
gaseous  substance;  (0.)  but  there  is  considenUe 
danger  in  making  experiments  upon  it,  as  the  mcit 
inhaling  a  small  quantity  killed  M.  Gehlen.  (p.) 

Arsenic  unites  with  sulphur  in  two  proportions,  and 
both  compounds  are  found  native :  these  are  realgei 
and  orpiment.  (9.)  It  combines  also  with  phosphoras 
and  selenion. 

(704.)  I.  This  Metal  combines  to  form  alloys  witb 
all  the  other  Metals ;  and  has  even  in  very  small  quantiti 
the  property  of  rendering  them  quite  brittle. 

(705.)  K.  The  oxides  of  Arsenic  seem  to  posse* 
little  power  of  performing  the  parts  of  a  base  in  the  hh 
mation  of  SalU.  The  sulphate,  borate,  phospbatl^ 
nitrate,  and  hydrochlorate  of  Arsenic,  have  been  de- 
scribed. In  these  Salts,  the  Acid  and  base  are  held  by 
very  feeble  affinities. 

But  the  oxides  of  Arsenic  are  capable  of  more  im- 
portant effects  in  performing  the  part  of  Acids  with 
certain  bases  ;  and  hence  has  been  called  Arsenious  and 
Arsenic  Acids. 

(706.)  L.  In  Medical  Jurisprudence,  a  decisive  tot 
of  Arsenic  is  a  matter  of  great  importance  ;  as  upoDit 
the  life  of  an  accused  person  must  frequently  depend. 
Several  tests  have  been  proposed  for  this  purpose,  but, 
as  it  would  seem,  all  are  more  or  less  uncertain.  For 
an  able  investigation  of  this  point  we  are  indebted  to  Dr. 
Christison ;  and  from  his  Memoirs  we  give  the  folbv- 
ing  summary  of  what  he  considers  a  faultless  process  for 
the  purpose.  Let  the  mass  of  fluids  suspected  of  con- 
taining Arsenic,  suppose  for  instance  the  contents  of 
the  stomach  of  a  deceased  person,  be  well  agitated  and 
boiled  with  water,  and  thrown  on  a  filter.  Be  careM 
to  acidulate  the  clear  Liquid  with  hydrochloric  or  acetic 
Acid.  Through  this  Liquid  pass  a  current  of  hydrosol- 
phuric  Acid  Gas,  (sulphuretted  hydrogen.)  Suppose  a 
yellow  precipitate  to  be  formed.  It  may  be  the  sol* 
phurets  of  Arsenic,  cadmium,  tin,  antimony,  or  seleniom 
But  the  sulphuret  of  Arsenic  will  easily  be  recognised  ' 
by  the  following  properties.  Let  a  portion  of  it  be 
dried ;  mixed  with  a  little  black  flux,  (697.)  placed  in  a 
dry  glass-tube,  and  raised  to  a  red  heat  in  the  flame  of 
a  spirit-lamp.    The  Arsenic  is  reduced,  rises  in  vapour. 
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and  is  condensed  in  the  form  of  a  bri^t  iroii-g^rey  crust 
lining  the  cooler  part  of  the  tube*  The  inner  surface 
presents  also  a  crystalline  appearance*  By  vaporizing^ 
a  little  of  this  Metal,  the  aliinceous  odour  of  ^rlic  is 
instantly  perceptible.  Tliis  evidence  is  quite  conclusive. 
But  it  is  easy  also  to  reconvert  the  Metal  into  Arsenious 
Acid.  For  this  purpose  hold  the  part  of  the  tube  to 
which  the  Arsenic  adheres  about  three -fourths  of  an  inch 
above  the  flame  of  a  very  small  spinl-lamp,  so  that  the 
Metal  may  rise  in  vapour  very  gradually.  In  so  doing 
it  combines  with  oxyj^en*  and  is  deposiled  in  well» 
characterized  crystals  of  Arsenious  Acid,  on  the  cooler 
parts  of  the  tube.  It  is  essential  that  the  tnhe  be  quite 
dry.  The  volatility,  form,  transparency,  and  adaman- 
tine lustre  are  so  characteristic,  that  Dr.  Christison  con- 
siders that  one-hundreth  of  a  g^rain  is  snflicient  to  satisfy 
an  experienced  eye.  This  gentlemon  slates  that  he  has 
been  able  by  these  processes  to  separate  and  exhibit  in 
two  instances  so  small  a  quantity  as  the  twentieth  of  a 
grain  from  the  stomachs  of  people  who  had  been 
poisoned  with  Arsenic,  (n) 

(707.)  M.  Arsenic,  in  the  form  of  its  yellow  sul- 
phuret,  forms  a  pig-menl,  bcini^  the  colouring-  principle 
of  King's  ydlow.  The  snlphorets  of  Arsenic  are 
poisonous,  but  not  to  such  an  extent  as  the  Metal  or 
its  oxides.  Preparations  of  Arsenic  have  been  employed 
in  Medicine,  and  form  the  active  ing^redient  in  Fowler's 
Agpje-drops. 

Suhsect.  L — Arsenious  Acid. 

(708,)  Having  previously  stated  the  formation  and 
constitution  of  Arsenious  Acid,  (699.)  we  may  here 
note  a  few  of  its  principal  properties,  though  in  so  doing 
we  must  be  a?  brief  as  possible.  According  to  K!ap- 
roth  and  Bueholz,  cold  water  dissolves  only  .25  per 
cent,  of  its  own  weight  of  white  Arsenic ;  whilst  boiling 
water  takes  up  7.775  per  cent.  A  part  was  again  de- 
posited on  cooling,  bwt  4.775  per  cent,  remained  in 
solution.  This  oxide  is  soluble  also  in  tdcohol  and 
oils,  Arsenious  Acid  is  capable  of  neutralizing  the 
alkaline  bases :  and  thus  forms  a  class  of  Salts  called 
Arseniies,  It  unites  in  a  similar  manner  with  several 
metallic  oxides. 

^SubsecL  2, — Arsenic  Acid. 

(709.)  The  formation  of  this  Add  has  been  noticed 
in  Art.  699.  It  reddens  vegetable  bines ;  attracts 
Dioislure  from  the  atmosphere;  effervesces  strongly 
with  sohilions  of  alkaline  carbonates.  By  evaporation 
it  gelatinises^  but  does  not  crystallize.  It  unites  also 
with  bases,  forming  a  class  of  Salts  called  Arseniates, 

References  to  §  1. 

(ff.)  Hist.  NaL  lib.  xxxiv.  ch.  xviii.  ^  and  consult 
Salmasius  in  Solin.  p.  1154.  (//.)  Menu  PhiL  Soe, 
Upsala,  1733,  p.  30.  (i\)  Mem,  Par.  1746,  p.  223; 
and  1 748,  p.  35.  (d.)  Sur  t Arsenic,  (e.)  Opusc.  vol.  ii. 
p.  272.  (/)  Enm^s,  vol.  i.  p.  129.  (^.)  Jour,  de 
Phys,  1799.  p.  1.^1.  (A,)  Jour,  de  Chim^Yol  iv.p.  5. 
(i,)  An,  de  Ch,  vol.  txxx.  p.  9.  (k.)  Arh  Philos.  vol.  iv. 
p.  171.  (/.)  SpL  vol.  i.  p.  305.  (m.)  Van  Mons, 
Jovr,  de  Ch,  vol.  iv.  p.  16.  {n,}  PhiL  Trans.  1812, 
p,  186.  (o.)  Joiin  Ufyy.Imt  vol.  xiii.  p.  ^25.  Ip.)  An. 
de  Ch.  vol.  xcv.  p.   110;  and  An,  de  Ch,  et  de  Ph, 


vol.  iii.  p.  135  ;  Stromeyer,  Nich.  Jonr,  vol.  xix.  p.  3SL 
(q)  Lau^ier,  An.  de  Ch,  et  de  Ph.  vol,  v.  p.  179  :  Ber-  ' 
melius.  An,  PhiL  vol.  kv.  p.  359;  Bracounot,  An,  de 
Ch.  el  de  Ph,  vol.  xii.  p.  98.  (r.)  Edtn.  Med,  and 
Surg,  JonrnuL  October,  1S24  ;  and  Transactions  of 
the  Medico-  Chirnrgical  Society,  vol  it. 

Sect,  11. — Molybdenum, 

(710.)  A.  This,  which  is  now  the  name  of  a  peculiar 
Metal,  was  used  by  Pliny  (lib,  xxv,  ch.  xiii.)  for  phnn- 
bago^  gejim  herttee,  Sfc,  ^x.  quod  plumbum,  id  est  ocu to- 
rum  vitium^  commandncaia  tollit;  also,  in  lib.  xxxiv. 
ch,  xviii*  it  is  explained  as  vena  communis  ptvmbi  ei 
argenli. 

In  1778,  Scheele  analyzed  this  substance  and  obtained 
sulphur,  and  a  white  powder  possessed  of  Acid  proper- 
ties, to  which  he  gave  the  name  of  **  Acid  of  MolO>- 
deua."  Hjelm,  in  1782,  succeeded  in  reducing  it  to  the 
metallic  state;  his  process  depended  upon  subjecting 
the  oxide  to  intense  heat  af\er  it  had  been  mixed  np  with 
hjiseed-oil,  but  according  to  Bncholz,  the  addition  of 
carbonaceous  matter  is  unnecessary. 

(711.)  B.  This  Metal  has  hitherto  resisted  all  efForls 
to  reduce  it  to  a  metallic  button,  as  the  most  successful 
experimentalists  have  but  produced  a  porous  mass  of 
adhering  particles, 

(712.)  C.  Its  colour  is  siivery -white,  and  the  highest 
Specific  Gravity  to  which  Bucholz  could  bring  it  was 
8.61.  It  appears  as  if  under  all  states  it  would  prove 
brittle. 

(713.)  D.  If  Molybdenum  be  heated  in  an  open 
vessel,  it  undergoes  oxidation,  producing  small,  bright, 
needle-formed  crystals,  and,  according  to  Bucholz,  it  is 
capable  of  forming  three  oxides.  Mr.  Hatchelt  is  dis- 
posed to  admit  four. 

The  protoxide  is  said  to  be  formed  by  dissolving 
Molybdic  Acid  in  ammonia,  and  eviipurating  the  clear 
sol u lion  to  dryness  ;  the  residuum  is  exposed  to  a  white 
heat  with  charcoal  in  a  crucible.  A  brown  oxide  is 
formed  at  the  bottom  of  the  crucible,  having  a  crystal- 
lijie  appearance,  but  incapable  of  forming  Salts  with 
Acids. 

The  deutoxide,  or  Molybdous  Acid^  (subs eel.  1,)  is  to 
be  formed,  by  mixing  one  part  of  Molybdenum  with  two 
parts  of  Molybdic  Acid  in  a  state  of  powder ;  the  mass  is 
to  be  mixed  with  hot  water,  and  triturated  till  it  becomes 
blue:  eight  or  ten  parts  of  water  are  added,  and  t^oiled 
for  a  few  minutes.  The  solution  is  then  filtered  and 
evaporated  at  a  temperature  of  120°  The  blue  oxide 
remains  in  the  state  of  a  fine  powder,  soluble  in  water, 
which  is  strongly  acid,  converting  vegetable  blues  to 
red,  and  saturating  bases  so  as  to  tbrm  Salts. 

The  white  oxide,  or  Molybdic  Acid,  is  prepared  from 
Moiybdena,  (the  native  sulpburet  of  IheMetab)  by  the 
following  process  of  Bucholz.  Kxpose  the  mineral, 
finely  pulverized,  to  heat,  in  an  open  crucible,  stirring  it 
with  an  iron  rod  till  the  whole  is  of  au  ash-grey  colour. 
The  sulphur  is  driven  otf,  and  by  a  moderate  but  con- 
tinued heat  the  Molybdenum  is  oxidated.  It  is  then 
pulverized,  and  digested  in  a  solution  of  ammonia  in 
water,  by  which  the  Molybdic  Acid  is  token  up.  After 
this  solution  has  remained  in  a  close  vessel  to  deposit 
its  sediment,  it  is  decanted  otf,  and,  by  dropping  in 
nitric  Acid,  the  Molybdic  Acid  is  precipitated  in  a  fine 
white  powder.  See  subsect.  2. 
5a 
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Cheinwtry.  (714.)  E.  F.  O.  The  first  of  these  combinations 
'  -V— i^  has  been  formed,  and  it  is  not  improbable  that  the 
others  may  be  so  hereafter. 

(715.)  H.  Molybdenum  unites  with  phosphorus  and 
sulphur. 

(716  )  r.  It  may  be  combined  also  with  all  the 
Metals,  those  only  excepted  the  volatility  of  which  does 
not  allow  of  their  being  exposed  to  a  sufficient  degree  of 
heat. 

(717.)  K.  Both  the  Molybdous  and  Molybdic  Acids 
are  capable  of  neutralizing  bases  and  forming  Salts ; 
bat  Salts,  in  which  an  oxide  of  Molybdenum  serves  as  a 
base,  have  not  been  recognised :  in  fact,  as  these  two 
higher  oxides  are  precipitated  by  Acids,  no  such  com- 
bination with  them  is  to  be  expected. 

(718.)  L.  An  excellent  Synoptic  Table  of  the  eflfect  of 
reagents  on  solutions  of  Molybdenum  is  g^ven  by  Pro- 
fessor Thomson,  (a.)  which  we  regret  we  have  not 
space  to  insert  Perhaps  the  most  marked  test  is  that 
a  drop  of  muriatic  Acid,  and  a  piedc  of  metallic  tin, 
being  placed  in  such  a  solution,  produce  a  blue  colour, 
and  a  blue,  pulverulent  precipitate. 

(719.)  M.  None. 

Subsect,  1. — Molybdous  J cid, 

(720.)  For  this,  not  very  important,  componnd  we 
must  refer  to  Bucholz's  Memoir.  (6.) 

Subsect,  2,'^Molybdic  Acid. 

(721.)  In  a  close  vessel  it  fiises  and  crystallizes,  but 
in  an  open  one  it  is  sublimed,  and  when  again  con- 
densed has  the  form  of  glittering,  yellow  scales.  It  is 
soluble  in  960  parts  of  boiling  water,  and  the  solution 
reddens  litmus.  The  mineral  Acids  reproduce  the 
white  precipitate.  By  heat,  the  Molybdic  Acid  is  soluble 
in  sulphuric  Acid,  giving  a  colourless  solution,  which, 
however,  becomes  blue  when  cold ;  and  this  colour  is 
increased  by  saturating  the  Acid  with  soda,  li  is  also 
soluble  in  muriatic  Acid,  but  not  in  the  nitric.  If  to  a 
muriatic  solution  metallic  tin  be  added,  a  blue  colour  is 
produced  by  altering  the  degree  of  oxidation.  With 
the  nitrates  of  silver,  mercury,  and  lead,  white  precipi* 
tates  are  formed ;  with  nitrate  of  copper  a  greenish  one. 
With  neutral  solutions  of  sulphate  of  zinc,  muriate  of 
bismuth,  muriate  of  antimony,  nitrate  of  nickel,  and 
the  muriates  of  gold  and  platinum,  it  gives  white  preci- 
pitate^t,  according  to  Vanquelin.  If  paper  be  dipped  in 
this  Acid,  and  exposed  to  the  light  of  the  Sun,  it  assumes 
a  beautifiil  blue  colour. 

References  to  §  2. 

(a.)  Thomson's  Firsi  Principles,  vol.  ii.  p.  58. 
(6.)  Bucholz,  Gehlen's  Journal,  vol.  iv. ;  consult  also 
Scheele.  Essays,  vol.  i. ;  Bergman,  Opusc.  vol.  iii. 
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vol.  i. 

Sect.  III. — Chromium. 

(722.)  A.  This  Metal  derived  its  name  from  the 
varied  and  beautiftil  colour  of  its  Salts.  (x/xS/*«,  colour.) 

The  Siberian  ore,  in  which  it  is  combined  with  lead, 
was  first  described  by  Lehman,  in  1766 ;  and,  after 


several  inaccurate  examinations,  Vanqueliii  and  J 
roth,  about  the  same  time,  pronounced  it  to  be  a 
Metal.  Its  principal  ores  are  the  beaaiiiul  Siberian i 
chromate  of  lead,  from  Bereaof,  and  a  dark,  o|iali^^ 
chromate  of  iron.  It  is  also  considered  as  the  coloii^^ 
ing  principle  of  both  the  ruby  and  the  emerald 

(723.)  B.  The  Metal  is  obtained  by  sabmiUing' H^ 

oxide,  mixed  with  charcoalt  to  ao  intense  heat  A 

ing  to  Ricbtery  the  diarcoal  firom  sugar  aaewere  < 

(724k)  C.  Chromium  ie  white,  very  bnttie,  cap 
of  a  high  poKsfa,  and,  according  to  Richtcr,  8l%i%t|L. 
magnetic.     Specific  Gravity  5.9.    Fusible  oidy  at  v^ 
high  temperatures. 

(72S.)  D.  Chromium  is  not  adteied  by  exposure  Ait 
the  air,  but  if  heated,  it  is  gradually  conveited  intd'e 
green  oxide.     At  the  three  degreee  of  OExidatioB  vtt 
which  we  are  acquainted,,  it  is  green,  brown,  and  yellov, 
or  red ;  in  the  last  state  it  becramee  an  Acid. 

The  green  oxide  may  also  be  obtained  by  stdMBittiif: 
Chromic  Acid  to  heat^  by  which  it  is  pardy  deoompoiai 
When  this  oxide  is  precipitated  fimm  its  soluiioBia 
Acids,  it  is  of  a  deep  green  colour,  and  contsine  watff, 
which  may  be  driven  ofi^  by  heat.  In  its  first  state  it  m 
soluble  in  Acids,  but  if  subjected  to  a  heat  rather  bdov 
redness,  it  becomes  of  a  lighter  green*  and  iaadaUe; 
yet  without  losing  any  of  its  weight 

The  brown  oxide  may  be  obtained  by  dietohruigtiit 
green  oxide  in  nitric  Acid,  then  evaporate  and  heat  tk 
dry  mass  until  it  ceases  to  give  out  nitrous  fumes.  A 
brown  powder  remains,  which  is  scarcely  soluble  Id 
alkah's,  and  not  at  all  in  Acids.  If  heated  with  hydio- 
chloric  Acid,  chlorine  is  evolved,  and  the  green  oiids  is 
produced ;  which  proves  that  the  brown  powder  wis 
the  Metal  in  a  higher  degree  of  oxidation.  Chromiimi 
in  its  third  degree  of  oxidation,  forms  ChromieAdd, 
which  will  be  fbund  in  subsect.  1. 

(726.)  E.  If  metallic  Chromium  be  dissolved  is 
nitro-muriatic  Acid,  a  hydrochlorate  of  Chromhm 
results  ;  and  by  desiccation  this  is  converted  into  a  trae 
chloride  of  Chromium. 

(727.)  P.  G.  It  is  pretty  well  estoblished  that  boUi 
these  elements  form  Gaseous  combinations  with  Chro- 
mium. 

(728.)  H.  In  this  department  few  experiments  htie 
been  made;  but  Chromium  is  known  to  unite  with 
sulphur  and  phosphoros. 

(729.)  I.  With  some  of  the  Metals  Chromium  has 
been  combined,  but  with  some  it  seems  unwilling  to 
unite. 

(730^.)  K.  Chromium  is  not  soluble  in  the  minend 
Acids,  the  nitro-muriatic  excepted.  In  these  Acids  the 
green  oxide  is  soluble  with  difficult^r.  It  is  solobie 
also  in  the  alkalis. 

(731.)  L.  Solutions  of  Chromium  produce  a  green 
precipitate  with  prussiate  of  Potash  ;  a  brown  one  with 
infusion  of  galls  i  and  a  green  one  with  hydrosulphurste 
of  potassa. 

(732.)  M.  Perhaps  the  most  beautiful  fixed  pig- 
ments with  which  we  are  acquainted,  arise  from  the 
oxides  of  this  Metel.  In  miniature-painting,  the  chro- 
mate of  lead  is  highly  esteemed :  theoxide  gives  a  bright 
green  to  porcelain,  and  imparts  the  same  hue  to  the 
glass  or  paste  by  which  the  emerald  is  imitated.  M. 
Lassaigne  has  shown  that  Chromium  might  be  applied 
with  advantage  to  dyeing  and  calico-printing,  (a.)  A 
red  subchromate  of  lead,  formed  by  Dulong,  (6.)  has 
been  proposed  by  Mr.  Badams  as  a  die  for  cotton,  (c.) 
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toy.  Subsfd.  1* — Chromic  Acid. 

(73S.)  Chromic  Acw!  is  obtained  by  the  dccomposi- 
tioti  of  either  the  cliromate  of  lead  or  of  irmi.  If  the 
former,  lei  it  be  reduced  lo  a  fine  pmvder,  and  boiled  in 
a  fixed  alkaline  sol nl ion,  Avhich  thus  becomes  im  oranfro- 
coloured  solution  of  the  alkaliue  chromate.  Add 
sulpliyric  Acid  and  evaporate.  Tiie  crystals  of  Chronric 
Acid  may  then  be  «eparated  from  the  alkaline  snlphates. 
As  Uie  chromate  of  iron  is  more  abnridiint  of  the  two,  it 
is  generally  employed  for  obtaining  IheAcid,  for  %\hich 
the  following  process  is  employed.  Let  the  ore  be  reduced 
lo  a  fine  powder,  and  minf>;led  with  au  equal  weig^ht  of 
nitre.  The  whole  is  to  be  submitted  to  a  red  heat  for 
half  an  honr  m  a  crucible,  A  yellow  frit  is  produced, 
from  which  all  the  s<:duble  part  is  to  be  removed  by  long; 
boiling"  in  water.  The  clear  Liquid  containing  the 
chrom ale  of  potash  is  neutralized  by  nitric  Acid»  and 
then  by  addition  of  nitrate  of  mercury  a  red  precipilate 
of  chromate  of  mercury  is  produced.  This  precipitate 
is  to  be  well  washed,  dried,  and  decomposed  by  heat  in 
a  retort :  the  mercury  is  driven  off,  and  the  Chromic 
Acid  remains  purc. 

The  SaltH  formed  by  Chromic  Acid  with  alkaline, 
earthy,  and  metallic  bases  are  highly  interesting'.  Alt 
so  formed  from  white  oxides  are  yellow  when  neutral, 
or  in  the  state  of  subsalts,  and  arc  reddish  yellow  wlien 
acid.  Chromate  of  lead  is  yellow;  of  protoxide  of 
mercury,  red ;  of  silver,  purple.  The  chro mates  of  the 
first  and  Inst  four  classes  of  Metals  are  decomposed  at 
high  temperatures,  leaving'  oxide  of  chromium  and  the 
base.  By  great  heat,  with  aid  of  charcoal,  a  perfect 
Teduciion  may  be  obtained. 

The  chromates  of  potassa,  soda,  ammonia^  glycyna, 
yttria,  lime,  magnesia,  protoxide  of  nickel  and  of  coball, 
are  soluble. 

The  insoluble  chromates  with  their  colours  are  barytea 
and  strontia,  white  or  yellow;  of  silver,  crimson;  of 
mercury,  red;  of  lead,  orange  or  yellow;  of  copper, 
apple  green  ;  of  iron,  brown ;  of  uranium,  zinc,  and 
bismuth,  yellow;  ofautiinony,  brown. 

With  solutions  of  nickel,  zinc«  tin,  cobalt,  g^old,  or 
. platinum,  no  precipitate  is  proiluced* 
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consult  also  Vauqiielin,  An.  de  Ch*  vol.  xxv,  p.  21,  and 
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vol.  iv. ;  Thomson,  PhU.  Tram.  1827;  Utiverdorbeu, 
Edin.  Jour,  Set.  No,  7. ;  Grouvelle,  An,  de  Ch,  et  de 
Ph,  voL  xvii. ;  Thomson,  An,  PhiL  vol.  xvi. 

SccL  IV. — Tungsten, 

"^(734.)  A.  Scheelium,  or  Wolframium,  the  Swedish 
mineral  Tuafrsten,  (heavy  stone,)  was  analyzed  by 
Scheele  in  1781,  who  obtained  lime  and  a  white  pulveru- 
lent substance,  which  he  considered  a  peculiar  Acid, 
and  which  Bergman  supposed  to  be  a  metallic  oxtdc. 


The  D'Elhuyarti  obtained  it  also  from  the  mineral  Ttri  U. 
ff'^olfram^  and  succeeded  in  rediii^iog  it  to  the  metttUic  ^•^/— * 
state. 

(735.)  B.  The  best  method  for  procuring  the  Metul 
is  that  of  Allen  and  Aikin,  sulvjectiiig  iungstate  of  am- 
monia lo  an  intense  heat.  The  oxide  b  reducible  by 
charcoal. 

(73(j.)  C.  Tlie  Meta!»  from  its  extreme  infusibility,  has 
only  been  seen  in  a  mass  consisting  of  small  aggluti- 
nated grains  of  a  greyish- white  colour,  and  some  bril- 
liancy. It  is  so  hand  as  scarcely  to  be  affected  by  the 
file.  Its  Specific  Gravity,  according  to  Bucliolz,  17.4. 
It  seems  to  assume  a  cry^^talline  form  on  cooling,  and 
not  to  be  affected  by  the  magnet. 

(737.)  D.  Tungsten,  if  heated  in  an  open  vessel,  will 
absorb  oxygen,  with  which  it  nmy  be  made  to  cotnbine 
in  two  projjortions  in  forminflf  brown  and  yellow  oxides- 
Berzelius  obtained  the  brown  oxide,  by  passing  a  cur- 
rent of  hydrogen  over  the  yellow  oxide  in  a  glass  lube 
heated  to  redness.  Water  was  formed,  and  a  brown 
oxide  remained,  which  when  heated  in  t^ie  open  air 
burns  like  tinder,  and  becomes  Tungstic  Acid,  See 
subsect.  1, 

(738,)  E.  F,  G.  Unexamined, 

(739.)  H.  The  snip  buret  has  been  formed  and  ex- 
amined by  Berzelius. 

(740.)  L  The  D*Elhnyarts  formed  alloys  of  Timgsten 
by  subjecting  a  mixture  ofTungstic  Acid,  charcoal,  anil 
any  Metal,  to  a  strong  heat.  In  this  manner  k  was 
combined  with  gold,  silver,  copper,  iron,  lead,  tin.  an- 
timony, bismuth,  and  manganese.  The  principal  obsta* 
cle  to  be  overcome  appeared  to  arise  from  the  great 
infusibility  of  the  Metal  itself* 

(741.)  K.  Tnngstic  Acid»  as  will  be  seen  hereafter, 
forms  Salts  by  uniting  with  bases  ;  but  Salts,  in  which 
any  oxide  of  Tungsten  performs  the  part  of  a  base,  have 
not  been  recognised, 

(742.)  L.  An  ore  of  Tungsten  is  recognised  by  cal- 
cining it  with  its  own  weight  of  nitre  ;  a  portion  of  the 
frit  is  soluble  in  water,  forming  a  colourless  solution. 
Nitric  Acid  throws  down  a  white  precipitate,  which,  by 
being  well  washed  in  boiling  water,  becomes  yellow, 
and  has  the  properties  of  Tungstic  Acid. 

(7481.)  M.  None. 

Subnet,  L — Tungniic  Acid, 

(744.)  The  Tungstic  Acid  of  Scheele  was  in  fact  a 
triple  Salt,  but  the  true  yelbw  oxide,  which  appears  to 
possess  acid  properties,  may  be  thus  obtained,  lict 
three  i>arts  of  Hydrochloric  Acid  be  boiled  un  oi*e 
part  of  Wolfram.  The  clear  Liquid  is  lo  be  decanted 
olf  and  left  at  rest.  A  yellow  powder  gnidually  sepa- 
rates,  which  is  to  be  redissolved  in  ammonia ;  the  clear 
solution,  evaporated  to  dryness,  leaves  the  yellow  oxide 
in  a  state  of  purity.  It  is  insoluble  in  water,  and  ihongh 
it  does  not  exert  any  action  upon  vegetable  colours,  it 
is  capable  of  saturating  bases.  Good  analyses  have 
given  such  approximations  lo  the  theoretical  numbers 
of  the  Table,  that  no  others  need  here  be  given. 

Tnngstate  of  lime  is  found  native.  The  lungstates 
of  ammonia,  potash,  soda,  and  magnesia  are  soluble, 
those  of  lime,  barytes,  strontia,  manganese,  and  iron 
are  not  so. 

References  to  §  4. 

Consult  Scheele,  E«.  vol.  ii.  p.  81 ;    D'Elhuyarts, 
5  a2 
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Cheinisiry.  Mem.  Acod.  Thoidouie,  vol.  ii. ;  Vauquelin  and  Hecht, 
*^-v^*-^  Jour,  (it  Mines,  No.  19. ;  Klaproth  on  the  Minerals  of 

Cornwall  ;  Aikin's  Diet ;  Berzeliu9,.-4n.  Phil.  vol.  iii. ; 

Bucholz,  An.  PhU,  vol.  vi. ;   Bucholz,  Jour,  de  Ch. 

vol.  iii. ;  Berzelius,  Afhandlingar^  vol.  iv. ;  Pelletier, 

An.  de  Ch.  vol.  xiii. 

Sect  V. — Columbium. 

(745.)  A.  In  the  year  1801  Mr.  Hatchett  obtained 
from  the  analysis  of  a  mineral  in  the  British  Museum, 
similar  in  appearance  to  chromate  of  iron,  a  new 
metallic  oxide,  possessed  of  acid  properties.  It  had 
been  sent  from  America,  and,  therefore,  to  the  inferred 
metallic  base  of  the  oxide,  he  gave  the  name  of  Colum- 
biqm.  Ekeberg  soon  after  discovered  in  a  Swedish 
mineral  a  metallic  oxide  which  he  considered  new,  and 
called  Tantalum,  from  the  name  of  the  mineral  itself. 
Dr.  Wollaston  having  examined  the  substance,  found  it 
identical  with  the  Columbium  of  Hatchett.  Colum- 
bium  occurs  in  the  mineral  from  Massachusetts,  and  in 
the  tantalite  and  yttro-tantalite  of  Sweden. 

(746.)  B.  Dr.  WoUaston's  method  for  obtaining  this 
oxide  from  the  mineral  tantalite  is  as  follows.  Mix  one 
part  of  tantalite  with  five  of  carbonate  of  potash  and 
two  of  borax,  and  fuse  in  a  platinum  crucible.  Soften 
the  mass  with  water,  and  digest  it  in  hydrochloric  Acid. 
The  iron  and  manganese  are  dissolved,  and  a  white 
powder  remains,  which  is  the  oxide  of  Columbium.  By 
subjecting  this  oxide,  mixed  with  charcoal,  to  an  intense 
heat,  Berzelius  reduced  it,  although  unable  to  produce 
a  bead  of  fused  Metal. 

(747.)  C.  Columbium  has  a  dark-grey  colour,  is 
capable  of  metallic  lustre,  hard  enough  to  scratch  glass, 
and  may  be  reduced  to  a  dark-brown  powder.  Its 
Specific  Gravity  can  scarcely  be  said  to  be  accurately 
known. 

(748.)  D.  When  heated,  Columbium  takes  fire,  and 
bums  feebly  to  an  imperfect- grey  oxide.  It  detonates 
slightly  with  nitre  in  a  red-hot  crucible.  The  white 
mass  produced  by  t4l  deflagration  is  a  mixture  of 
oxide  of  Columbium  and  potash.  The  potash  may  be 
separated  by  hydrochloric  Acid,  leaving  behind  a 
hydrous,  white  oxide,  which  has  the  singularity  of  being 
soluble  in  oxalic,  tartaric,  and  citric  Acids.  After  the 
water  has  been  driven  off  by  heat,  this  property  disap- 
pears, and  the  pure  oxide  is  insoluble  in  nitric  and  sul- 
phuric Acids,  but  imperfectly  so  in  the  muriatic  It  is 
capable  of  reddening  vegetable  blues,  and  with  potash 
as  a  base  it  forms  a  crystallizable  Salt.  This  is  Columbic 
Acid,  subsect.  1. 

(749  )  E.  F.  G.  H.  I.  Little  known,  save  that  it  has 
been  alloyed  with  some  other  Metals. 

(750.)  K.  Columbium  resists  the  action  of  hydro- 
chloric, nitric,  and  nitro-muriatic  Acids. 

(751.)  L.  Columbium  must  be  tested  in  the  state  of 
columbic  Acid,  or  a  columbate.  See,  therefore,  sub- 
sect.  1. 

(752.)  M.  None. 

Subsect.  1 . — Columbic  A  cid. 

(753.)  On  this  point  we  may  briefly  state  that 
Oolumbic  Acid  is  scarcely  at  all  soluble  in  water.  In- 
soluble in  Acids,  save  the  fluoric.  Soluble  in  acid 
tartrate  of  potassa;  also  in  potassa  and  soda.     For  the 


full  action  of  this  substance  with  tests,  we  must  dir 
the  reader  to  Dr.  Thomson's  First  Prindptes.  (a.) 

References  to  §  5. 

(a.)  vol.  ii.  p.  77 ;  consult  also  Hatchett,  PfuL  Fn 
1S02,  p.  49 ;  Ekeberg,  Vetmsk.  Ac.  Handl.  St 
1802;  Wollaston,  PhU.  Trans.  1809;  Berzeli« 
AfhandL  vol.  iv. ;  Id.  An.  Phil.  vol.  iv. ;  Wollast^^ 
Nich.  Jour.  vol.  xxv. ;  Berzelius,  An.  de  Ch.  et  de  i^? 
vol.  xxix.  p.  303. 

Sect.  VI . — Anlimoruf. 

(754.)  A.  The  Ancients  obtained  with  their  silver 
ores  an  oxide  of  this  Metal,  to  which  the  name  CTififu^  or 
stibium^  was  applied.     Pliny   thus  speaks  of  it   h 
iisdem  argenti  metaUis  invenUur,  vi  proprie  dicanau, 
spumed  lapis  candidcB  nitentisq;   non  tamen  tranAir 
centis,  stimmi  appellant^  alii  stibium^  alii  alahastrum, 
alii  larbason.**    Lib.  xxxiii.  ch.   vi.     He  enumerates 
its  medicinal  virtues,  and  particularizes  its  applicaticA 
to    the    eyes.       Thus   employed   as    an   ornamentil 
pigment,   its  use  is  of  high  antiquity;    at  least  that 
such  a  custom  prevailed  we  learn  from  EzekieU  ch.  xiin. 
V.  40.,  and  among  the  Eastern  ladies  it  is  continued  to 
this  day.     They  colour  the  eyelids  black  with  a  ari)* 
stance  of  which  the  Arabic  name  is  Kohol^  this  bODf 
some  preparation  of  Antimony.     Dr.   Thomson  has 
shown,  by  a  singular  quotation  from  Thallinus,  that  its 
use  was  continued  in  Spain  during  the  Middle  Agca^ 
under  the  name  of  "  piedra  de  alcohol**     The  Alche- 
mists were  well  acquainted  with   the  substance,  and 
doubtless  received  from  Arabia  or  Egypt   the  name 
kohol,  with  the  article  al  prefixed ;  hence  their  usual 
term  alcohol,  though  many  other  names  were  given  to 
it  from  its  properties.     In  1624,  the  Currus  Triumphtdk 
Antimonii  of  Basil  Valentine,  a  Monk  of  Erfurt,  v^ 
peared.     As  the  title  implies,  the  virtues  of  this  minend 
form  the  subject  of  the  Work.     It  is  not  improbable  thai 
through  him,  or  some  one  in  his  time,  the  wordAnUmooy 
came  into  use.     Legends  tell  that  the  Monkish  experi- 
mentalist, who  practised  as  a  Physician,  made  trial  of 
its  virtues  upon  the  hogs  of  the  Convent.     The  medicine 
acted  as  a  brisk  cathartic,  and  the  pigs  speedily  fattened. 
Encouraged  by  this  happy  result,  he  administered  it  to 
&ome  of  his  brother  Monks ;  but  the  dose  being  too 
violent   it   proved  fatal,   and    hence   the     name  ayW 
fiovaxoi'^,  or  "  Anti-moine.** 

It  is  found  but  sparingly  iu  the  state  of  an  oxide,  bat 
.very  abundantly  as  a  sulphuret,  which  ore  is  the  crudi 
Antimony  of  Commerce ;  also  in  native  crystals  of  ooo- 
eiderable  purity. 

(755.)  B.  Antimony  may  be  obtained  from  its  sul- 
phuret for  the  purposes  of  the  laboratory  by  mixiBg 
three  parts  of  the  ore  with  two  of  tartar  and  one  of 
nitre ;  this  powder  is  to  be  gradually  projected  into  a 
hot  crucible,  which  is  then  exposed  for  three-quarters  of 
an  hour  to  a  furnace  or  forge-heat.  On  cooling,  the 
button  of  Antimony  is  found  at  the  bottom  of  the  cru- 
cible. By  this  process  the  Metal  is  not  obtained  in  a 
state  of  great  purity ;  for  delicate  purposes  it  must  be 
revived  from  the  oxide.  Thenard  suggests  the  passing 
a  current  of  hydrogen  over  the  oxide  in  a  heated  porce- 
lain tube,  as  the  most  unobjectionable  method. 

(756.)  C.  In  colour.  Antimony  is  greyish- white,  with 
considerable  brilliancy.     Its  texture  is  laminated  and 
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imperfectly  crystallme,  Accordins^  to  HaQy»  (a,)  the 
primary  form  is  an  octohedron.  By  friciion  it  com- 
iniiiiicatcs  lo  the  fiiij^ers  a  pecyliar  taste  ami  smelL 
Its  hardness  nearly  equals  p^okL  Its  Specific  Gravity, 
according'  to  Ilatcliett,  is  6.71.  It  is  so  britlle  as  lo  be 
easily  pulverized.  According  to  Mtischenbroeck,  a 
-wire  one-tenth  in  diameter  supports  a  weip;ht  of  about  len 
poimils.  It  fuses  at  about  810^  of  Fahrenheit,  and  is 
volaliliiicd  by  greatly  increased  heat;  but  from  the  ex- 
perimeuts  of  Thenard  it  wonld  appear  that  the  Metal 
is  fixed  if  air  be  excluded,  and  that  the  volatilization 
which  lakes  place  is  tbat  of  the  oxide* 

(757.)  D.  There  is  considerable  differetice  of  opinion 
as  to  the  number  of  oxides  which  Antimony  is  capable 
of  forming",  but  of  three  at  least  there  is  good  evidence* 
By  exposure  to  air  or  water,  the  Metal  undergoes  no 
alteration,  but  at  a  red  heat  it  decomposes  steam  with 
such  rafiidily  as  to  produce  a  violent  explosion, 

1.  The  protoxide  is  a  white  or  grey  powder,  easily 
fusible.  It  may  be  obtained  by  dissolving  the  Metal 
in  hydrochloric  Acid,  and  diluting  the  solution  largely 
with  water ;  a  white  (>recipitate  is  obtained  ;  whicb,  after 
helng  well  washed,  is  to  be  boiled  in  a  solution  of  car- 
bonate of  potassa,  to  remove  an  adhering  portion  of 
hydrochloric  Acid,  Tiiis  powder,  when  again  washed 
and  dried,  is  the  protoxide. 

2*  The  hemidcutoxide  (ileutoxide  of  some)  is  a  fine 
while  powder,  not  so  fusible  as  the  former,  nor  so  easily 
ooluble  in  Acids,  and  insoluble  in  water;  it  is  obtained 
by  heating  the  protoxide  in  an  open  vessel  nearly  to 
redness.  It  takes  fire,  absorbs  oxygen,  and  is  converted 
into  the  oxide.  It  is  produced  also  by  the  action  of 
hot  nitric  Acid  upon  Antimony.  By  heating  the  Metal 
in  a  furnace  with  free  access  of  air,  a  while  oxide  is 
sublimed,  (argentine  flowers  of  Antimony,)  which 
Thomson  considers  to  be  this,  while  Thenard  asserts 
that  it  is  the  former  oxide, 

•  This  oxide  possesses  acid  properties,  and  combines 
with  bases  producing  the  AniimonikH.  It  has  been 
called  Antimonious  Acid.     See  snhsect.  1. 

3.  The  remaining  known  oxide,  the  deutoxide,  (per- 
oxide of  some,)  is  also  an  Acid,  and  called  the  Anti- 
inonic.  See  subsect.  2,  It  may  be  formed  by  mixing 
six  parts  of  nitre  and  one  of  Antimony  in  a  silver  era- 

'  cible,  and  exposing  it  to  a  low  red  heat  for  an  hour, 

-'The  excess  of  alkali  is  to  be  washed  oiTwith  a  little 
•cold  water.  Digest  the  remaining  powder  in  hot  water, 
which  will  dissolve  a  part.  From  this  solution,  acetic 
Acid  precipitates  a  hydrate  of  antimonic  Acid.     The 

•water  may  be  driven  off  by  a  gentle  heat,  and  the 
powder  thus  obtained  is  incapable  of  combining  with 
Acids,  but  reddens  vegetable  blues  ;  and  is,  in  fact,  com- 
pletely an  Acid,  as  it  unites  with  bases  to  form  Salts, 
By  a  red-heat  it  is  converted  into  the  preceding  oxide. 
Of  the   constitution  of  these  oxides  no  very  decided 

) account  can  be  given,  the  reader  is  therefore  referred  lo 
the  Table  Jbr  the  nearest  theoretical  assumption. 

The  anlimoniate  of  potash  is  formed  in  the  above 
process,  and  many  metallic  antimoniates exist,  but  have 
not  yet  been  made  the  subject  of  investigation, 

*  (758.)  E,  The  action  of  chlorine  upon  this  Metal 
produces  the  following  beautifid  experiment.  Into  a 
stopped  glass  jar  containing  chlorine,  pour,  by  means 
of  a  funnel,  some  finely  pondered  Antimony,  which  has 
been  previously  warmed.  The  rapid  combination  pro- 
doces  a  beautiful  shower  of  fire  within  the  jar. 

(759.)  F,   Unexamined. 


(760.)  G.  Iodine  combines  with  Antimony,  bnt  by 
water  is  again  separated  into  hydriodtc  Acid,  and  the 
white  oxide. 

(76 L)  IL  With  carbon,  boron,  silicon,  azole,  and 
hydrogen,  we  know  of  no  compound,  but  with  phos- 
phorus, sulphur,  and  selenion,  it  readily  unites. 

(762.)  I.  With  the  Metals  it  readily  unites,  and 
generally  to  the  destruction  of  their  dtictility, 

(763.)  K.  Boiling  sulpbnric  Acid  undergoes  a  violent 
action  upon  Antimony ;  it  is  decomposed,  giving  out  sul- 
phurous Acid  Gas  ;  an  tmpertecL  sulphate  is  produced, 
which,  however,  is  decomposed  by  a  plentiful  effusion 
of  waten  and  the  white  oxide  of  the  Metal  subsides  to 
the  bottom. 

The  sulphurous  Acid  has  no  action  upon  Antimony, 
but  it  decomposes  many  of  its  Salts.  From  the  hydro- 
chlorate,  a  white  precipitate  is  produced, which,  according 
to  Aikin,  is  a  trne  sulphate  of  Antimony, 

Upon  this  Metal,  nitric  Acid,  even  when  cold,  under- 
goes rapid  decomposition  ;  nitrous  Gas  is  evolved,  and 
a  white  oxide  is  produced.  If  the  Antimony  be  reduced 
to  fine  powder,  and  mingled  with  just  Acid  enongh  to 
form  a  paste,  the  action  is  so  violent  as  to  cause  inflam- 
mation. Another  singidar  consequence  of  tlie  partial 
decomposition  of  the  water,  together  with  that  of  t!je 
Acid,  is  that  the  liberated  hydrogen  of  the  former  unites 
with  the  azote  of  the  latter,  and  ammonia  is  produced. 
The  addition  of  a  small  quantity  of  fixed  alkali  or 
caustic  lime  will  disengage  the  Ammonia,  which  may  be 
recognised  by  its  pungency,  or  by  the  fumes  of  hydro- 
chloric Acid. 

The  liydrochloric  Acid  dissolves  Antimony,  but  in 
very  small  quantity ;  on  the  oxide  its  action  is  much 
greater;  a  thick,  houey-hke  substance  is  the  result, 
which  formerly  went  by  the  name  (yf  Butler  ofAntimoiiyt 
and  is  a  highly  corrosive  substance. 

Strong  nitromnriatic  Add  dissolves  this  Metal  in 
considerable  quantity,  but  the  whole  is  again  precipi- 
tated in  the  state  of  an  oxide  by  water. 

From  all  these  instances  we  may  fatrly  conclude  that 
Antimony,  when  oxidated  in  lie  higher  degrees,  can 
no  longer  as  a  base  unite  with  Acids  to  form  Salts  ; 
but  it  may  assist  in  the  formation  of  Salts  with  certain 
bases,  to  which  it  performs  the  jiarl  of  an  Acid. 

The  only  true  Sails  of  Antimony  then  contain  the 
protoxide;  of  the  mineral  Acids  there  probably  are  few 
if  any,  as  their  oivn  decompositicm  furnishes  oxygen  for 
the  formation  of  the  insoluble  white  oxide.  From  the 
vegetable  Acids,  the  acetate,  succinate^  benzoate, 
oxalate,  and  tartrate  have  been  described.  One  triple 
Salt,  however,  claims  peculiar  notice,  as  the  Tartar 
Emetic  of  Medical  writers.  It  consists  of  tartaric  Acid, 
potash,  and  protoxide  of  Antimony.  Alkalis,  alkaline 
earths,  sulphurets,  several  metals,  and  astringent  vege- 
table decoctions,  decompose  iL  With  any  of  these, 
therefore,  it  ought  never  to  be  conjoined  in  a  prescrip- 
tion. 

The  solutions  of  the  Salts  of  this  Metal  are 
generally  yellow,  and  precipitahle  by  water*  Pms- 
siate  of  potassa  and  tincture  of  galls  give  a  white 
precipitate,  but  only  from  their  water  determining  the 
deposition  of  the  white  oxide.  From  hydrostdphurels, 
a  yellow  precipitate  is  produced,  A  plate  of  iron  or 
zinc  throws  down  the  Metal  in  the  state  of  a  black 
powder,  especially  if  the  solution  be  acidulated. 

(764,)  L».  In  the  Arts  an  alloy  of  this  Metal  with 
lead  is    used  for    the  plates    upon    which    music    is 
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Chemistr><,  en^nved  ;  and  wiih  tin  It  forms  one  kind  of  pewter.  It 
^^^\/^^y  enters  also  with  lead  nnd  copper  inlo  the  composition 
of  printers'  types.  Its  oxide  assists  in  the  vitrification 
of  earths,  and  pfives  lo  glass  an  amethystine  hue. 
Combined  with  oxic!c  of  lead,  it  forms  a  paint  called 
Naples  yfH(nL\  and  enters  hito  some  enamels.  Of  its 
application  to  medicinal  purposes  the  tartrate  has  been 
noticed.  The  Glass  of  Antimony  of  the  old  Pharma- 
copoeia is  a  fused  snlphiiret.  The  Kermis  Minrral  is 
an  hydrosulphiiretted  oxide.  The  ceJebrated  Fever- 
powder  of  Dr.  James  appears,  from  the  analysis  of  Dr. 
Pearson,  (6)  to  be  a  combination  ot  phosphate  of  lime 
with  oxide  of  Antimony^  which  is  imitated  lu  the  P^ulv. 
Aniimonialis  of  the  Materia  Medica. 

Sukseet.  I. — Antimonious  Acid. 

(765.)  If  Antimony  be  burned  or  strongly  heated  in 
an  open  vessel,  an  oxide  is  formed,  the  constitution  of 
which  is  at  once  expref»sed  by  onr  term  of  the  bemi- 
deutoxtde ;  it  is  condensed  upon  any  cold  surlace  in  the 
form  of  shining-,  wliite,  aciciilar  crystals.  This  suljstance 
was  formerly  called  Argentine  flowers  of  Antimony,  It 
unites  with  alkalis  to  form  a  class  of  Salts. 

SuhtecL  2. — Antimonic  Acid, 

(766.)  Dr.  Thom^oti  obtained  this  Acid  by  dissolv- 
ings pure  metallic  antimony  with  nitric  Acid  in  a  plati- 
nnm  crucible.  The  solution  was  evaporated  to  dryness, 
and  exposed  for  some  hours  to  a  heat  of  500°  Fahren- 
heit. This  acid  oxide  is  a  yellow  powder,  and  is  con- 
verted by  a  red  licat  into  the  oxide  preceding;.  The 
same  able  Chemist  has  Aunr^esled,  and  with  n^reat  [pro- 
bability, that  the  hcmideutoxidc  is  a  compound  of  one 
atom  of  the  protoxide  -f-  one  atom  of  the  deutoxide. 
Berzelius  formed  and  described  the  Antimoniate  of 
putassa. 

References  to  §  6, 

ia.)  Jour,  de  Minfs,  An.  5.  (k)  PhiL  Tram. 
1791 ;  consult  also  Bagl  Valentine,  Curru^^  Trimnphalis 
Aniimonii;  Meuderi  Analyua  Jfiiimonii  Phr/ftia)' 
Chcmicm  raiionaii'i,  178B;  Lavoisier  and  Meusnier, 
Mem,  Par,  Acad.  1781  ;  Thenard,  An.  de.  CL  vol. 
xxxii, ;  Proust,  Jour,  de  Phys,  vol.  Iv.  ;  Berzelius, 
Nich.  Jour.  vol.  xxiv.  xxv. ;  An.  PhiL  vol  iii. ;  Thomson, 
A?i.  PhiL  vol  iv, ;  J,  Davy,  PhiL  Tram.  1812  ;  Berir- 
man,  Opmc.  vol,  iii. ;  Thomson,  First  Principles,  vol.  ii. 
p.  40. 

Sect.  VII. — Uranimn. 

(767.)  A.  On  examining-  a  Saxon  mineral  called 
Pechbicndf^  Klaproth,  in  17B9,  discovered  that  it  was 
the  sulphuret  of  a  new  Metal  Iler.srhel  had  just  dm- 
covered  his  new  Planet,  and  as  the  German  Astrono- 
uiera  ^ve  to  it  the  name  of  Uranus,  the  Chrmist  gfuve 
to  his  new  Metal  lEie  name  of  Uranium.  The  beautiful 
IJ^reen  uranite  of  Cornwall  is  an  hydrated  oxide  of  this 
Metal. 

(768.)  B.  To  obtain  the  Meta!  from  pechblende 
by  digestion  in  nitric  Acid,  the  Uratjium,  iron,  copper, 
and  Hme  are  taken  up.  Evaporate  to  dryness,  and 
redissolve  in  water,  which  will  leave  the  peroxide  of 
iron.  By  digestion  in  ammonia  the  Uranium  is  preci- 
pitated, and  the  copper  retained  in  solution.  The 
precipitate  is  to  be  an-ain  dissolved  in  nitric  Acid, 
evaporated  and  crystallized.     The   green  crystals  are 


picked  out,  sligiitly  washed,  dls.^olved  in  water. i 
a  second  crystaiii^iittotk,   they  uru  Biipfro^ed  lo 
taiuetl  free  from  the  lime.     By  exposure  lo  a  rnl  i 
a  yi'how,  pulverutent  oxide  remaiti9i.     Tbis  oxtdr.mii 
with  one-twcnlietli  of  charcoal  powder,  aitd  exp<j 
intense  heat,  in  reduced,     fn  thin,  ant]  prnbubly  in  i 
other  cases,    too   much   charcoal  stuiiilcl   not  be 
p  loved. 

(769,)  C.    Thus  obtained.  Uranium  is  not  a 
compact  button,  as  a  much  greater  heat  is  requited ( 
its  perfect  fusion  than  our  furnuceA  can  produce. 
physical  properties  are  little  known;  it  yield?*  ti^thel 
ami,  according  to  Professor  CUirke,    of  C  antbridge,'| 
pure  bead,  produced    by  acting  upon    the    nitnc 
oxide  with  the  Gas  blowpipe*  was  brilife. 

(770.)  D.  At  a   red  heat,  in    an  open  vessel, 
nium  i»  converted  into  a  greyish* black    powder,  «Hi4 
by  continued  heat,  is  unaUered,  and  ia  the  pftilfl 
The  yelJow  powder,  above  described,   is  the  deutiixxif;, 
wliich  h  also  obtained  by  precipitation  front  the  i 
by  an  alkali. 

It  would  appear  from  recent  eiperitnetits*  i 
those  of  Dr.  Thomson  (a.)  and  Arfwedson^  (6.)  that  ill 
higher  oxide  of  Uranium  is,  in  tkct«  possessed  of  add 
properties,  and  can  neutralize  ba^es*  The  conslitiiua 
of  the  oxides  of  Uranium  is  by  no  nieatts  MeUsicttlcd^ 
for,  supposing  the  dark-green  oxide  to  t>e  a  protfinde. 
it  remains  doubtful  whether  the  yellow  oiiide  is  al 
deutoxide,  or  a  deutoxide:  Thouaaon  is  of  the 
c  pinion. 

(771.)  E.  F.  G.  Little  studiod,  or  unkaowiL 

(772.)  H.    Bucholz  succeeded  in  fonniag  0~ 
ficial  fjuipliuret  of  Uranium, 

CJTS.)   I.  Nitric    Acid     readily   dis?^ 
or  its  oxide  ;  and  by  evaporation,  a  crji-  uiQ 

of  a  lemon-yellow  colour,  is  obtained.  li 
quescent,  very  soluble  in  water,  and  moderalel}  a>^ 
ether^  but  shortly  undergoes  decomposition.  A 
nitrate,  iiiiioluble  in  waier,  is  desnribed  by  !laiiH>lf>' 
Sulpiiuric  Acid  has  very  little  action  on  Uraniuai.  Bot 
it  dissolves,  with  s<mie  difliculiy,  the  oxide,  H  usaniMf^ 
heat,  and  a  crvHlalli^ed  sulphate  may  be  oi'lauird 
Berzelius  describes  a  seleniute  and  bit»elentate.  Bk 
phosphate,  arseniaie,  tnngstaie,  mulybdLttc.  aad  la^ 
trate  may  be  found  by  precipitation  frotn  a  Sail  ti 
Uranium  with  Salts  of  these  Acids.  Richter  abtaiocd 
aUo  the  borate,  oxalatCj  citrate,  ttmlUue,  henzouu,  ttd 
succiuale.  Acetic  Acid  dissolves  the  oxide,  and  &iAi 
a  cry.stallizabte  salt  soluble  in  water. 

Besides  these    Salts*    in   which   oxide?;  of  Uraata 
constitute  tlie   base,  it  is  quite    well  est*i'  ^' 

the  yellow   oxide  of  Uranium  ]>er(fjrtns  tbt    ,  -j 

Acid  also  to  certain  bases.     See  sub-ect.  1. 

(774.)    K.    For    the    reagent    effects    of  Imjuimi, 
consult  a  valual)le  aeries  of  facts  g'lven  in 
Firsf    Principles^    vol    ii.       Generally    spt  • 

c:iusiic  alkalis  give   ycUow  prt*cipii»les    %*i 
Uranium   not  soluble    m   excess  <»f   alkali;    ■, 
carbonates   a   white  one,  whtcb    is    M^luble   ifi  ^^ 
Prussiate  of  potassa  u  dark,  red-brown  prectpilal<. 

(775.)   L.   With  proper  tluxen  the  cuiide  of  UmoHo* 
gives  nn  orange  colour  lo  porcelain. 

Subsect  1. — Uranic  Acid, 

(7760  To  preserve  the   uniformity  ol   «.t  r 
introduce  this  name.      Uraniate  of  burvces  t 


I 


f.   by  Berzelius,     Thia  Acid  seems  to  have  a  jfreat  tend- 
^  eney  to  take  part  iii  the  rurmation  of  double  Suits. 

References  to  ^  7. 

(a,)  Firsl  Principles,  vol.  \l  p.  2.  (6,)  -^«.  PhiL 
N,  S.  vuL  vii.  See  also  Rlaproth,  Crell's  Jnnais^ 
▼ol.  i,  ;  Bucholz,  Oeh leu's  Jour,  vol.  iv.  ;  Klaprolh, 
AnalyL  Essnys,  Eog.  Trau^.  vuL  iv. 


Sect  VlU,—Ceriu4tu 

(777.)  A.  fn  the  year  1750,  a  mineral,  having  con- 
siderabloTesemhlaj^ce  lolungsten,  \%txs  found  in  the  co|i- 
per-uinif*  of  Bastnis  in  Sweden,  Berpnian  published 
on  attempt  at  its  analysis  by  MM*  D'Elhnyart,  by 
which  it  wa*i  proved  not  to  be  tnn«*'slen,  Klaproth 
afterwards  dr^lured  it  to  contain  a  new  earlh,  which  lie 
called  Ochroita.  Hissinijer  and  Berzelius  made  a  more 
com[}lele  examinrition  of  the  substance,  and,  considering' 
il  a  metaUic  oxi-jev  ihey  £?ave  to  the  Metal  the  name  of 
Ceriunv,  from  the  coincidence  of  tlie  discovery  of  the 
Planet  Ceres  about  tfie  same  lime.  It  has  sub?*eq«enlly 
engagjed  the  atteniion  of  Vauquelin,  Thomson,  and 
liiiigier.  Three  minerals  contain  this  substance,  two 
irom  Sweden,  and  one  from  Greenland* 

(778.)  B.  Cerittm  is  best  obtained  by  the  process 
of  Laofi^ier.  The  mineral  Cerite  is  dissolved  in  nilro- 
munalic  Acid ;  a  precipitate  is  produced  by  ammonia, 
which  is  well  washed,  and,  while  still  moist,  is  treated 
iivilli  a  solution  of  oxalic  Acid,  which  dissolves  out  the 
oxide  of  iron  which  hud  been  thrown  down;  the 
remaininef  powder  is^  after  calcination  at  a  red  heat, 
pure  oxide  of  Cerium.  Several  attempts  have  been 
made  to  reduce  this  oxide  to  the  metallic  state,  but  with 
partial  success  ;  for  though  a  metallic  powder  has  been 
produced,  it  has  never  been  formed  inlo  a  mass,  so 
that  its  physical  properties  are  almost  imkanwn  Sir 
H.  Davy  etfcctecl  llie  deeom position  of  the  oxide  of 
Cerium  by  the  action  of  potassiom. 

(779.)  C.  M.  Vauq^ielin  obtained  some  small 
grains  of  metaUic  Cerium,  which  were  brittle  and  of  a 
iwhite  colour.  According  to  Messrs*  Children  and 
Tliomson,  Cerium  may  be  volatilized  by  a  very  intense 
heat* 

(780.)  D.  If  Cerium  be  dissolved  in  nitro-muriatic 
Acid;  the  solulion  neutriili/ed  \wth  caustic  potusi^a; 
Ihcn  precipitated  by  tartrate  of  potassa;  and  lastly, 
ailer  Washing-,  he  calcined,  oxide  of  Cerium  is  obtained. 
This  is  Cerium  in  its  highest  detjree  of  oxygenation. 
The  two  oxides  of  tliis  Metal  would  seem  to  be  a  prot- 
oxide and  a  hemideutoxide. 

(781.^  E.  F.  G.   Unknown. 

(782,)  H.  Lauf^ier  obtained  a  carburet  of  Cerium; 
and  there  is  reason  to  stjppoae  that  a  phosphuret  may 
he  formed.     Also  a  sutphuret  by  indirect  procesHea. 

(783.)  I,  Acc*>rdin|T-  to  Gahn,  Ceniim  would  not 
unite  with  lead  ;  but  Vauquelin  succeeded  in  forming"  an 
alloy  with  iron 

(784,)  K.  Accord iu£»;  to  Vanquelin,  the  reduced  me- 
tallic piiwder  is  in.soluble  in  all  unmixed  Acids,  and 
not  easily  fo  m  even  the  n it ro- muriatic.  The  oxides 
are  soluble  in  most  Acids.  The  Salts  of  the  protoxide 
at  present  known  are  the  prolonitrate,  protosulphate, 
protocarhonate,  protoht  leiiiate,  and  priiloxalale.  Those 
of  the  red  oxide  are,  the  nitrate,  sulphate,  seleniate, 
and  oxalate.     There  also  exist  combinations  of  oxide 


of  Cerium  with  the  phosphoric,  arsenic,  molybdic, 
acetic,  benzoic,  succinic,  tartaric,  and  citric  Acids  ;  but 
of  the  state  of  oxidation  of  the  Metal  in  thef^e  cases  we 
are  not  well  assured ;  for  the  most  part  they  seem  to 
contain  the  protoxide*  A  double  Salt  of  sulphuric 
Acid  with  potassa  and  oxide  of  Cerium,  is  described  by 
the  Swedish  Chembits. 

(785,)  L.  Of  the  protoxide,  the  Salts  are  colourless, 
or  white ;  an<l  of  the  peroxide  they  are  yellow.  Their 
sohitions  in  water  have  a  sweet  laste.  Gallic  Acid  and 
hydrosul|)buric  Acid  Gas  give  no  precipitate.  Hydro- 
snlphuret  of  potash  and  prusstate  of  potassa  g^ive  a 
white  precipitate.  Oxalate  of  ammonia  produces  a 
white  precipitate  .soluble  in  nitric  and  hydrochloric 
Acids.  Tartrate  of  potash  f^ives  no  precipitate,  hut  arse- 
nisitc  of  potash  gives  a  while  precipitate.  **  Succinate 
of  ammonia  does  not  precipitate  Cerium  from  the  ace- 
tate, which  furnishes  a  ready  means  of  separating  iron 
from  Cerium.** 

(786.)  M.  None  known. 

References  to  §  8. 

(«,)  Berpman,  Opitsc.  vol.  vi. ;  Klaproth,  Gelik  Jour. 
vol*  ii*,  or  Nich*  Jour.  voLviii. ;  llissinger  and  Ber- 
zelius,  Nich.  Jour.  vol.  ix; ;  Gnhn,  GehL  Jo wr.  voL  iii. ; 
Vayquelin,  An.  de  Ch.  vol  1.  and  vol.  liv, ;  Thomson, 
Phil.  Tram.  Edin.  vol,  vi.  ;  Laugier,  Afi.  de  €h,  vol. 
Ixxxix* ;   Hissinger,  An,  Phil.  vol.  iv. 

Sect  IX.— Cobalt 

(797.)  A.  Cobalt  was  recorrnised  as  a  distinct  me- 
tallic substance  by  Braadt  in  1733,  but  had  lon^^  been 
nsed  to  give  a  blue  colour  to  glass.  According  to 
Lehmau,  ChristoplterSchurcr,  a  glass  maker  at  Platlcn, 
was  the  first  to  use  it  thus  in  about  1540.  Cobalt  h 
found  in  several  states  of  mineral  combination,  and  h 
almost  constantly  attended  by  arsenic. 

(768.)  B.  For  commercial  purposes,  the  Cobalt  ore 
is  roasted;  by  which  volatile  and  fusible  substances 
art'  removed,  and  some  silica  i^hin  an  impure  oxide 
remains,  which  is  called  zaffVe.  Many  processes  have 
been  recommended  for  obtaining  pure  Cobalt;  one  of 
the  best  is  as  follows.  Reduce  zaflire  to  the  nielallic 
state,  by  mixing  it  with  thrice  its  weight  of  black  flux, 
a  little  oil,  and  a  little  salt ;  expose  this  mixture  to  a 
strong  heat  in  a  crucible  for  some  hours,  and  a  button 
of  Cobalt  will  be  found  at  the  buttora  of  the  crucible. 
In  this  state  it  is  usually  alloyed  with  iron,  copper, 
nickel,  and  arsenic.  Pulverize  the  metallic  button,  and 
calcine  with  four  parts  of  nitre;  after  which  hot  water 
will  remove  the  arseniate  of  potassa*  Dissolve  the 
residuum  in  dilute  nitric  Acid,  and  precipitate  the  cop- 
per by  a  plate  of  iron.  By  fdtering,  evaporation  to 
dryness,  and  digestion  in  hydrate  of  ammonia,  the 
oxides  of  nickel  and  Cobalt  will  alone  be  taken  up. 
Expel  the  excess  of  ammonia  by  beat,  and  add  dilute 
hydrate  of  potassa,  which  will  precipitate  the  nickeL 
By  immediately  filtering  and  boiling  the  clear  liquor 
the  oxide  of  Cobalt  is  precipitated,  and  may  be  reduced 
by  subjecting  il  to  a  strong  heat  w  itli  duurcoaj  and  a 
little  oil, 

(789.)  C.  Thus  obtained.  Cobalt  m  of  a  reddish- 
grey  colour,  of  a  fibrous  or  laminated  texture.  Brittle, 
but  said  to  be  malleable  when  heated.  Us  Specific 
Gravity  has  been  stated  at  from  7.7  to  8.7,     It  iis  not 
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Chemistry  volatile  ;  and,  after  fusJoii,  may,  by  care,  he  obtained  iit 
■■V^^  a  cryslalUiie  f«rm.  Like  iron  and  nickel,  it  possesses 
pennnnciit  Mae^nelic  properties, 

(790.)  IX  Colmlt  at  a  red  heal  in  an  open  vessel 
undergneji  oxidation.  The  protoxide  is  Iiowcver  best 
obtained  by  dissolvinii^  the  Melal  in  nitric  Acid,  and 
precipitating^  by  hydrate  of  potassa:  the  precipiiate  is  at 
first  blue*  but  becomes  black,  and  is  the  hifrher  oxide  of 
this  Metal,  By  exposing-  this  oxide  tu  n  low  red  heat, 
one  portion  of  oxyj^en  is  driven  off,  and  protoxide, 
which  has  a  beautiful  blue  colour,  is  produced. 

(79 L)  E,  The  chloride  may  be  formed  by  ffently 
heating"  fiUngs  of  the  Metal  in  cldorine;  it  is  also 
form^ed  by  evaporation  of  the  hydrochlorati;,  and  is  a 
very  definite  compound. 

(702.)  F.  G,  The  iodide  and  fl^joride are  unknown. 

(793.)  hL  The  phosphuret,  sulphuret,  and  sele- 
niuret.  have  been  examined,  but  of  any  combination 
with  carbon,  boron,  sib  con,  hydrog^en,  or  nitrogen,  we 
are  ignorant, 

(794.)  L  Cobalthasbeen  alloyed  with  n^old,  platiuum, 
tin,  cupper,  iron,  antimony,  arsenic,  and  lead;  but  it 
wonld  scarcely,  if  at  all,  unite  with  silver,  mercury, 
bismuth,  or  zinc. 

(795.)  K.  As  we  have  before  seen,  Cobalt  is  soluble 
in  nitric  Acid  when  heated,  and  red  prismatic  crystals 
may  be  obtained. 

The  muriatic  Acid  attacks  this  Metal  but  with  ^reat 
difJicnlty.  and  the  solution  was  formerly  known  by  the 
nameof  llellol's  Sympathetic  Ink;  abetter  Salt  for  this 
purpose  will,  however,  be  described  hereafter.  The 
oxide  is  readily  soluble. 

At  a  boiling  heat»  sulphuric  Acid  is  decomposed  upon 
Cobalt,  and  a  sohiblc  sulphate  remains,  but  the  oxide  is 
not  very  soluble  in  this  Acid,  Carbonate,  borate,  selc- 
uiate,  arseniate,  antimoniate,  antimonile,  oxalate,  and 
tartrate  of  Col>alt,  may  be  formed  by  precipitation 
wfiere  the  Salts  arc  neutral.  Oxalic  Acid  attacks  and 
dissolves  metallic  Cobalt,  but  phosphoric,  fiuoric,  tar- 
taric, and  acetic  Acids,  only  dissolve  the  oxide.  The 
Acdatc  of  Cobalt  forms  an  excellent  sympathetic  ink, 
by  which  if  any  tbinjr  l>fe  written  or  painted  upon  paper, 
it  is  invisible  when  cold,  but  becomes  of  a  fine  azure 
blue  when  exposed  to  heat.  The  most  probable  cause 
that  has  be^n  assigned  for  this  chan^^e  is,  that,  when 
suffered  to  cool,  the  muriate  or  acetate  of  Cobalt, 
being"  very  deliquescent,  absorbs  moisture,  and  under* 
goes  a  sufficient  dilution  to  be  colourless;  hut  that  by 
beating  they  become  concentrated,  and  the  green  or 
bhic  colonr  is  developed.  This  view  of  the  matter  is 
confirmed  by  the  fact,  that  the  same  colour  is  produced 
by  exposing  the  washed  pajjcr  to  the  absorbent  action 
of  quick-lime,  or  sulphuric  Acid  in  an  exhausted 
receiver. 

Neutral  solutions  of  the  Salts  of  Cobalt  are  generally 
of  a  reddish  colour, 

(796.)  L.  lu  nentral  solutions  of  Cobalt  the  alkalis 
produce  a  blue  precipitate,  prnssiate  of  polassaa  light- 
green  one.  Hydrosulphnric  Acid  Gas  no  precipitate  ; 
but  hydrosuljihuret  of  potash  a  black  one,  soluble  in 
excess  of  the  precipitate.  Gallic  Acid  produces  no 
chaniXCt  but  tincture  of  galls  gives  a  white  precipitate. 
Metallic  zinc  produces  no  precipitate,  nehher  does  its 
bydriodale,  nor  th-jt  ofpotassa, 

(797.)  M,  Cobalt  is  employed  in  the  Arts  to  give  a 
blue  colour  to  glass,  enamel,  and  porcelain,  Zajfre 
has  been  alreaiiy  described,  but  as  it  is  found  in  Com- 
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merce  it  is  always  mixed  with  two  parts  of  poivd 
flint, 

Smait  is  a  finely  pulverized  glass,  coloured  by  oiide 
of  Cobalt.  Aikin  states  that  so  high  is  the  cotciun 
power  of  this  metallic  oxide,  that  one  g^raiu  will  gifej 
full  blue  colour  to  240  grains  of  glass. 

References  to  §  9. 

Brandt,  j^rfff.  UpmL  1733  and  1742;  Lehma\l 
Cadmiahgia  ;  Bergman,  Oj3i/*c.  vol,  ii, ;  Tassacrt,  Ji,  I 
de  Ch.  vol.  xxviii.  ;  Fonrcroy,  Joyr.  de  Minet^  Due;  I 
Prt'iim.  ;  Thenard,  A/t.  deCfr  vol,  xlii.  ;  Proust,  An.^\ 
CA.  vol.  Ix, ;  Richter^  Gehlen's/o?/r.  vol.  li.  ;  Budmli 
Gehlen's  Jonr,  vol,  iii. ;  Phillips,  PhU.  Mag.  vob  iri,yf^ 
Roihoff,  An.  FhiL  vol.  iii.;  Thenard,  Jour^de  Mim, 
vol.  xii.  p,  215, 

Bed,  X. — Titanium. 

(7980  A.  In  the  year  1791,  the   Rev.  Mr  Gh 
published  the  analysis  of  a   black   s:ind  fotmd  in 
parish  of  Menachan  in  Cornwall.     Fiiiding-  thai  it 
tained  the  oxide  of  a  new  Metal,  it  received  the  tti 
of  Menachine  from  Kirwan.     Little  interest  was  cxcii 
till,  four  years  afterwards,  Klaproth  discovered  ihalwl 
was  called  red  schorl  consisted  of  ihe  same  oxide 
in  a  state  of  purity.     To  the  Met:il  he  gave  the  tiai 
Titanium,   which  is  generally   adopted.      It   has  sii 
been  found  in  avmtase,  iserine,   and    spbene,  and  h 
quently  forms  those  beautiful  brown   fi laments  wluclj 
traverse  rock  crystal, 

(799.)   B,  The   native  red   oxide  is    not  soluble 
Acids,  but  maybe  decomposed  by  fusion  with  twu  p 
of  potash,  or  J^ix  parts  of  its  carbonate.     The  fused  m 
is  to  be  digested  in  diluted  hydrochloric  Acid,  which 
to  be  decanted  off  when  it  has  removed  all  the  swlul 
part.     To  this  hydrochloric  solution,  oxalate  of  ami 
is  to  be  added  ;  by  which,  oxalate  of  Titamum  i*i  \ 
pitated,  while  the  iron  remains  in  solution.     By 
nation,  the  vegetable  Acid  is  destroyed,  and  a  yell 
oxide  remains,  wliich  becomes  white  on  rooling.  The 
duction  of  this  oxide  has  proved  of  the  utmost  difficd 
and   has  been    frequently   attempted   viitbout    $iiccesS,1 
By  forming  the  oxide  into  a  paste  with  oiK  and  expo.Mi 
it  to  a   most  intense   heat,  Langier   appears  to  ' 
effected  it. 

(800.)  C,  The  colour  of  the  Metal  produced  « 
that  of  gold ;  it  was  brittle,  but  in  a  slight  degree 
elastic,  having  considerable  lustre,  but  highly 
ble  ;  according  to  Vauquelinit  may  be  volatilized' 
intense  heat. 

(801.)  D,  When  heated  with  access  of  air,  it  ebingts 
its  colour  and  undergoes  oxidation,  forming  a  Wue 
powder,  which  is  said  to  be  the  first  oxide.  The  oalitt 
red  schorl  is  the  second,  and  the  last  is  the  white  powder 
already  described, 

Tliis  powder  has  feeble  acid  properties  ;  hence  it  las 
been  called  Titanic  Acid.     (Subsect.  I.) 

(802.)  E,  Metallic  Titanium  unites  with  cblortn^ 
and  it  would  appear  that  two  chlorides  of  Titaniui 
exist.  («-) 

(8030   F.  G.  Unknown, 

(804,)  IL  Sulphur  was   united    with    Titaninm 
Rose,  ami  with  iihosphorns  by  Chenevix. 

(605.)  1.  Vantpjelin  and  lieeht  were  unable  to  alli 
Titanium  with   silver,  copper,   lead,  or  arsenic 
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fm  they  did  csotnbinc  it  with  iron.    Dr.  Wollaston  obtained 
similar  results* 

(806,)  K.  Thou|rh  nitric  Acid  has  little  action  on 
either  the  Metal  or  the  red  oxide,  it  wilU  ii  aided  by  heat, 
dissolve  the  carboimte,  and  a  crystallized  nitrate  may  be 
obtained,  provided  that  the  Metal  he  in  its  first  de«:ree 
of  oxidation^  The  Metal  is  soluble  (thoiit^h  the  red 
oxide  is  not)  in  hydrochloric  Acid,  and  a  Salt  forming- 
cubic  crystals  is  produced ;  butaccordinof  to  Vauquelin 
a  gelatinous  mass  is  produced  by  evaporation,  which  by 
increased  heat  is  decomposed,  chlorine  is  liberate<J,  and 
an  oxide  precipitates,  which  is  insoluble  in  hydrochloric 
Acid,  hut  yields  to  the  nitric.  Hence  it  is  inferred  that 
the  hydrtjchlorate  contains  the  white  oxide  and  that  no 
combination  can  exist  between  this  Acid  and  Ihe  prot- 
oxide. BoiUng'  sulphuric  Acid  oxidates  and  dissolves 
the  Metal,  but  afTects  not  the  red  oxide  ;  it  acts  readily 
on  the  carbonate,  but  this  metallic  sulphate  has  not  as 
yet  been  seen  in  a  crystalline  forni.  The  phosphoric 
and  arsenic  Acidsj  if  added  to  the  solutions  of  this  Metal, 
produce  insoluble  white  precipitates.  The  carbonate  is 
formed  by  fusing-  together  six  parts  of  carbonate  of 
potassa  and  one  part  of  the  red  oxide  ;  the  mass  is  to 
be  well  washed  with  water,  and  the  insoluble  white 
powder  remaininpf  is  the  Salt,  Oxalic  and  lartaric 
Aeids  produce  also  white  precipitates,  but  these  are 
ag^atn  redissolved  by  any  excess  of  Acid* 

The  Saks  are  colourless,  and  have  different  degrees  of 
solubility. 

(S07.)  L.  Alkaline  carbonates  produce  a  white  (laky 
precipitate,  prussiate  of  potash  a  £rrass-|Treen  iucliniu^to 
brown  ;  **  bnt  if  an  alkali  is  added  aher  the  prussiate, 
the  precipitate  becomes  purple,  ihen  blue,  and  at  last 
white/*  HydrosulphureL  of  potash  produces  a  dirty- 
^reen  precipitate  ;  snlphn relied  hydrogen  produces  none 
at  all ;  infusion  of  galls  a  bulky  reddish -brown  preci- 
pitate. A  rod  of  tin  immersed  in  a  clear  solution  of 
Titanium  becomes  gradually  surrounded  by  a  fine  red 
cloud,  and  a  rod  of  ziuc  by  a  blue  one. 

(808.)  M.  In  the  Arts,  Titanium  has  been  sparingly 
employed  to  produce  a  brown  or  yellow  colour  on  porce 
lain. 

Stibsed,  L — Titanic  Acid. 

C801?.)  Tlie  existence  of  this  Acid  is  doubtful,  for 
Rose  has  stated  that  he  could  not  detect  true  acid  pro- 
perties in  the  oxide  of  Titanium  ;  we  leave  it,  however, 
foe  future  exam i nation. 

References  to  §  10, 

(a.)  Gregor.  Jn.  PhiL  N.  S.  voh  ix.  p.  18.  (h.) 
Hose,  An,  PhiL  N,  S,  vol  vi.  p.  3(J9  ;  Gregor.  Jour. 
de  Ph,  vol  xxxix;  Klaproth,  Bcitr.  vol  i.  p.  233,  and 
vol.  iu  p,  226  ;  Vauquelin  and  Hecht,  Joun  de  Mincs^ 
Ko.  15;  CTe}\,  A  finals,  1799,  vol,  i.  p.  1B3;  Chenevix, 
Nich,  Jour,  vol  v.  p.  134  ;  Lampadius,  Nicli.  Jour, 
vol  vl  p,  62 ;  Laugier,  An.  de  Ch.  vol  Ixxxix. 

Sect,  XL' — Bismuth. 

(810.)  A.  Bismuth  was  unknown  to  the  Ancient s» 
but  appears  to  have  been  early  recognised  by  the  Ger- 
man "hiiners.  Accordinn^  to  their  speculations  it  was 
an  imperfect  silver,  but  by  the  successive  researches  of 
Chemists  it  was  first  deemed  an  alloy,  and  at  length 
recognised  as  a  peculiar  Metal  It  is  tbund  native,  but 
contaminated  with  arsenic,  as  an  oxide,  and  as  a  sul- 
phuret. 

VOL,  IV, 


(811.)  B.  Bein^"  easily  fusible,  it  is  separated  from 
its  ores  by  subjectins:  them  to  the  heat  of  a  tiirnace  iu   ^ 
iron  tubes,  inclined  so  that  the  Metal  may  run  out  at 
one  end. 

(812.)  C.  In  colour.  Bismuth  is  redflisb-white^  and 
has  a  laminary  structure,  Iu  hardness  it  is  inferior  to 
copper.  According  to  llatchelt  its  Spt*cific  Gravity  is 
9.822,  It  is  not  malleable,  nor  of  p^eat  tenacity.  Its 
fusingr  point  is  451**  according-  to  Berzelins  but  Gay 
Lussac  makes  it  as  high  as  54 1 .  If  a  mass  of  Bismuth, 
fused  in  a  crucible  or  ladle,  be  stilfered  partly  to  congeal, 
and  the  fluid  portion  be  poured  olf  from  the  other,  a 
very  beautiful  crystallization  is  seen  in  rectanp^'ular  paral- 
Iclopipcds,  The  primary  form,  according^  to  Ilafiy,  is 
an  octahedron,  {Jour,  de  Mifws,  An,  b.)  It  has  long" 
been  said  that,  by  increased  heat,  Bismuth  may  be 
subhmed  ;  this,  however,  is  denied  by  Theiiard. 

(813)  D.  The  action  of  air  or  water  is  not  alone 
sufficient  to  produce  oxidation,  but  by  continuing  the 
Metal  iu  a  state  of  fusion  with  free  access  of  air,  a  film 
of  oxide  forms  upon  the  surface.  At  a  strong"  red  heat 
it  lakes  fire,  emitting-  a  yellow  smoke,  which  when  con- 
densed is  no  longer  volatile,  and  forms  the  yellow  oxide 
of  Bismuth.  It  is  tasteless,  and  insoluble  in  water,  but 
fusible. 

(8 14)  E.  If  Bismuth,  finel  y  powdered,  be  introduced 
into  chkiriue  it  takes  tire,  and  the  metallic  chloride  is 
produced. 

(815.)  R  Unknown. 

(816.)  G.  Iodine,  by  the  atd  of  heat,  enters  into 
combination  with  Bismuth,  and  this  iodide,  ihonn^h 
insoluble  in  water»  may  be  dissolved  in  caustic  potassa 
without  precipitation. 

(817.)  H.  Bismuth  combines  readily  with  sulphur 
and  selenion,  scarcely.  If  at  all,  with  phosphorus,  and 
not  with  hydrogen  or  carbon. 

(818.)  I.  All  Metals  seem  capable  of  uniting"  with 
this  to  form  alloys,  and  in  g-enera!  a  great  increase  of 
fusibility  is  the  result.  Newton's  fusible  Metal  is  a 
striking:  exam  pi  Ci  consisting  of  eight  parts  of  Bi'^muih, 
five  of  tin,  and  three  of  lead.  It  melts  at  a  heat  con- 
siderably below  tiiiit  of  boiliJvg  water,  and  the  addition 
of  one  part  of  mercury  adds  still  more  to  its  fuHibility, 

(819,)  K.  The  action  of  nitric  Acid  upon  Bismuth 
is  very  violent,  much  nUrous  Gas  is  evolved,  and  the 
Metal  undergoes  oxidation.  With  sh|]:htly  dilute  Acid 
a  soluble  nitrate  is  produced,  which  on  cooling  is  pre* 
ci  pit  a  ted  in  small  crystals. 

Cold  sulphuric  Acid  exerts  no  action  upon  Bismuth, 
but  by  the  assistance  of  beat,  the  Metal  is  converted 
into  a  white  powder,  and  sulphurous  Acid  is  evolved. 
By  washing^  %vith  a  small  quantity  of  water,  a  portion  of 
the  metallic  sulphate  is  carried  off,  and  may  be  obtained 
by  evaporation. 

Arsenic  Acid  digested  upon  this  Metal  with  a  moderate 
heat*  converts  it  into  a  white  powder,  which  is  arseniate 
of  Bismuth. 

Hydrochloric  Acid,  if  heated,  acts  upon  Bismuth, 
and  'Very  readily  on  its  oxide,  ami  a  cry^tallizable 
hydroclilorate  is  produced,  which  is,  like  the  nitrate,  pre- 
cipitable  by  water ;  by  the  action  of  heat  the  muriate 
becomes  a  chloride,  which,  according;  to  Dr.  J.  Davy,  is 
not  volatile. 

The  following  Acids,  though  producing  little  or  no 
effect  upon  this  Metal,  combine  with  its  oxide,  and  pro- 
duce Salts ;   viz,  the  carbonic,  boracic,  p!iospliorie,  sul- 
phurous, molybdic,  oxalic,  acetic,  and  tartaric,  whicll 
5b 
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Cbwnistry.  Rre  all  Rcarc>ely»  if  at  all,  soluble  in  water.  The  benzoic 
and  succinic  form  soluble  Salts,  There  is,  accordiiie; 
to  M^irvean,  this  smgularity  ou  the  part  of  acetic  Acid, 
that  i(«  presence  prevents  the  prceipitalioii  of  Bismuth 
from  its  nitric  solulion  by  water.  The  fonwation  of  the 
ahcive  mentioned  Salts  is  best  effected  by  adding:  ^  solu- 
tion of  the  Salt  of  potash  with  the  ^ivcn  Acid  to  the 
nitric  solution  of  the  Metal 

(S20.)  Ij,  In  all  the  acid  soluiionfl  of  Bisraulht 
(acetic?)  the  addition  cif  water  produces  a  white  preci- 
pitate, consistinsr  of  the  metallic  oxide  generally  united 
to  a  small  portion  of  Acid  ;  thus  the  white  powder  fall- 
ing from  the  nitrate  is  an  oxide  coniainin^a  little  nitric 
Acid,  Pmssiiate  of  potash  anvcs  a  white  precipitate, 
and  infusion  of  g^all^  a  yellowish  one.  By  hydriodic  Acid 
a  chocolate  prcn'pttutc,  sulphuretted  hydrog-en  a  dark 
brown.  By  a  plate  of  copper  or  tin  a  precipitate  of  the 
pure  Metal  is  produced. 

(821.)  M.  In  the  Arts,  Bismuth  enters  in  the  com- 
position of  soft  soklers.  An  allcjy  of  two  bistnulh,  one 
lead,  one  tin,  and  four  mercury,  is  used  for  silvering-  the 
inside  of  glass  globes.  The  interior  of  tlie  globe  is 
Hell  dried*  and  a  smnll  quantity  of  llie  alhjy  introduced  ; 
by  immersion  in  hot  water  it  melts,  and  l^y  turning  the 
globe  about,  a  sutTicicnt  coating  adheres  to  its  inner 
surJace,  The  flake  white  of  painters  is  the  precipitate 
frciiu  the  !iitrate  by  water,  tVyrmerly  called  Maghtery  of 
Bimtt/fh^  and  the  pearl-white  is  said  to  be  a  similar 
precijiitate  from  the  bydroc  hi  orate  or  tartrate.  It  is 
proposed  to  use  it  instead  of  lead  in  assaying. 

Referen<:es  to  §  11, 

Pott,   Ejcercitationes    Chem,   Berb    1739 ;    Wenzel, 

Ff^ntandachafi ;  BerzeUus,  An.  de  €h.  vob  Ixxxvii; 
LagtThjelm,  Ati,  FhiL  vol.  iv. ;  Chaudet,  Aiu  de  €h. 
et  dt  Ph,  vol.  viib 

Seel,  XII- — Copper* 

(822.)  A.  Thh  Metal,  occurring  frequently  in  the  na- 
tive state,  was  one  of  the  earliest  known  to  the  Ancients : 
alloyed  with  tin  it  fonned  the  bronze  of  which  ancient 
Wflaj«ons  were  made  before  iron  was  obtained  in 
sufticient  quaiitily  to  be  applied  to  this  purpose.  The 
armour  of  the  warriors  at  the  siege  of  Troy  was  of 
bronze,  and  the  knives  of  the  ancient  Egyptians  were 
found  by  Dr.  E,  D.  Clarke  to  consist  of  the  game 
ftlloy. 

Copper  is  found  in  a  state  of  nati\T  purity,  as  an 
oxide  and  sulphurets,  and  als<i  as  a  Salt,  carbonate, 
liydrij chlorate,  phosphate,  sulphate,  and  combined  with 
many  other  substances. 

(623.)  B.  Various  processes  are  employed  for  extract- 
ing this  Metal  from  its  ores.  The  sulphurets  are  roasted 
in  reverberatory  fu nut ces,  once,  or  ofteuerj  as  the  case 
may  require  ;  and,  tiuully,  reduced  by  heating  tliem  in 
an  appropriate  furnace  with  small-coal.  To  render  it 
Bufhciently  pure  for  sale,  it  is  renielted,  and  granulated 
by  falling  into  cold  water  several  times  over  ;  and  lastly, 
refined  by  again  fuj^ing  it  with  charcoal  powder.  Ptjre 
Copper  for  Chemical  purposes  is  best  obtahied  by 
placing  a  plate  of  iron  in  a  slightly  acid  solution  of 
Copper;  the  Metal  ia  dt-posited  in  the  form  of  a  fine, 
brown  powder,  which  is  to  be  washed  with  a  little 
dilute  sulphuric  Acid,  to  remove  any  adhering  iron. 

(624.)  C,  Copper  has  great  bnlliaucy,  and  a  fine  red 
colour.  It  acts  disagreeably  on  the  organs  both  of  smell 


and  taste.  Specific  Gravity  8.60 — 9.S9,  Hatchett  _ 
harder  than  silver  ;  has  such  malleability  a»  to  bebci!m1 
out  into  CKtremely  thin  leaves.  Its  tenacity  h  vert 
great,  according  to  Mr.  Rennie  i  {PhiL  Tram,  1818:)  i 
wire  of  cast  Copper,  one-tenth  of  an  inch  in  diameter,  ii 
broken  by  a  weight  of  190,7  pounds,  and  one  erf  the 
same  size  of  hammered  Copper  would  be  broken  byi 
weight  of  387 .9  pounds :  these  results  are  calculated  hm 
experiments  on  Imiger  bars.  (Thom^^on.)  Copper  li 
calculated  to  melt  at  Wb^f  Fahrenheit,  «nd  Is  folntf- 
lized  by  increased  heat  By  slowly  cooling  it,  Moa^ 
obtained  crystals  in  the  form  of  quadrangular  pymni^ 

(R25.)  D.  This  Metal  does  not  decompose  water  tt 
ordinary  temperatures^  or  its  vapour  at  a  red  heat,^ 
by  long  exposure  io  air  and  moisture  a  mixture  of  car* 
bonate  and  oxide  is  formed  upon  its  surface,  (verdigree.) 
By  heating  a  plate  of  Copper  to  rediie!»s  in  »ttDOtfiwii> 
air,  a  red  oxide  is  formed  at  the  surface,  and  nifll 
detached  in  lamincB.  Two  oxides  of  Copper  are  prf 
known  to  Chemists,  and  a  third  is  admitted  bylViarf. 

To  obtain  the  lowest  oxide,  dissolve  the  Melil  k 
hydrochloric  Acid  by  the  assistance  of  heat.  Letlhii 
green  sohrtion  be  put  into  a  phial  with  some  mdA 
Copper,  tttol  cork  it  closely.  The  Liquid  gndnlf 
acquires  a  brown  colour,  and  deposits  ciystalf  6li 
grains  of  sand.  By  adding  hydrate  of  pmissfttii 
solution  of  these  in  water,  the  orang^-coloored  oii4eB 
precipitated,  (Cheuevix,  PAiZ  Trans.  1806;  Bertdliiib 
An,  de  Ck,  vol.  Ixxviii.) 

The  scales  above  described  as  fbrmirrjy  itpoi  ^m* 
face  of  heated  Copper,  are  composed  of  the  higher oiillv 
but  retain  some  particles  of  Metal.  By  exponm  Io 
heat  the  whole  becomes  a  uniform  black  powder.  Hie 
Eame  suljstance  is  obtained  by  precipitaimg  a  $dittm 
of  Copper  in  nitric  Acid,  with  a  caustic,  fixed  tlbSl: 
and  exposing  the  precipitate  to  a  red  heat  to  drive  <f 
the  water. 

The  black  oxide  last  described  is  chiefly  found  hi  Ik 
Salts  of  Copper,  and  wns  heretofore  considered  lk 
highest  oxide;  but  Then ard  obtained,  by  means rf» 
oxygenated  Acid,  a  still  higher  oxide  of  this  Metal  («.) 

If  with  Thomson,  Prout^  and  VVollaston  we  i 
the  atom  of  Copper  =  22,   the  constitution  ofj 
oxides  will  be» 

Oxygen*  CcFpper. 

The  red  oxide  =  8  or  one  atom  +  04  or  two 
The  black  oxide  :=  8  or  one  atom  4-  32  or  one 
forming  a  suboxide,  and  an  oxide. 

But  if  with  Thenard  we  call  the  atom  of  Copper  =  54. 

Oxygen*  Copper. 

The    red  oxide  ^  8  or  one  atom  +  64  or  ouc 
The  black  oxide  =^  1 6  or  two  atoms  *|-  64  or  one 
forming  a  protoxide  and  a  deutoxide. 

Thenard  could  not  dx  the  constitution  of  his 
oxide. 

(826.)  E,  Chlorine  readily  combines  with  Coppe^ 
filings,  tormjn^  a  volatile  chloride  and  a  fixed  suIjcIi*** 
ride  of  the  Metal.  These  two  compounds  roay  ai^ 
be  obtained  by  evaporating  the  sub-hydrocblorufe  umI 
the  bvdrochlorale  of  the  Metal  respectively,  ,      ^m 

(827.)  F.  Unexamined.  T 

(828.)  G.  The  iodide  of  Copper  is  a  browa,  im* 
ble  powder,  formed  by  adding  hydriodic  Acid  totria- 
tions  of  the  Metal,  or  by  heating  Copper  in  contact  ^^ 
iodine. 

(829.)  H,  Copper  readily  unites  with  pboapliani^ 
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y-.  Its  carburet  was  notsuppoied  to  exvt*  Imt  PriesUey 

•^  obtained  it  by  [lassiiig  the  vapour  of  alcohol  through 

a  Copper  tube ;  the   discovery   is   conftrmed  by   Van 

Marum.  (6.)     Boron,  silicon,  hydrogen;  and  nitrogen, 

do  not  seem  as  yet  to  have  been  united  to  this  Metal. 

(830.)  I.  Alloys  of  Copper  are  of  frequent  occur- 
rence in  the  Arts.  Alloys  have  also  been  formed  with 
potassium,  sodium,  arsenic,  iron,  (with  difficulty,) 
nickel,  cobalt,  manganese,  zinc,  (common  brass,) 
cadmium,  tin,  bismuth,  and  lead ;  but  in  the  last  case 
the  union  is  so  imperfect  that,  by  heating  the  alloy  to 
audi  a  temperature  as  to  fuse  the  lead,  it  runs  out 
leaving  the  Copper  nearly  pure.  This  is  curiously  seen 
in  heating  Roman  coins, 

(831.)  K.  Let  it  be  remembered  that  almost  all  the 
Salts  of  Copper  contain  the  black  oxide  of  the  Metal. 
The  action  of  nitric  Acid  on  Copper  is  very  violent, 
Bitrous  Gas  is  evolved,  and  tlie  solution  produces  a  blue 
crystallizable  Salt.  No  nitrate  of  the  suboxide  exists, 
as  by  the  action  of  nitric  Add  on  the  suboxide,  one 
portion  of  Copper  falls  down  in  the  metallic  state,  and 
the  other  portion  receiving  its  oxygen,  a  solution  of 
the  proto*nitrate  remains.  Without  heat,  concentrated 
sulphuric  Acid  has  no  action  on  Copper,  but  at  a 
hotling  heat  the  Acid  is  partly  decomposed.  Sulphurous 
Acid  Gas  escapes,  and  a  soluble  sulphate  is  produced. 
The  common  blue  vitriol  of  Commerce  is  a  bisulphate. 
For  a  description  of  the  numerous  Salts  of  Copper,  we 
must  refer  to  the  more  complete  Systems  of  Chemistry. 
(832.)  L.  Solutions  of  Copper  are  changed  to  a 
deep  blue  colour  by  addition  of  ammonia.  Pmssiate 
•f  potaesa  gives  a  reddish  brown  precipitate,  the  hydro- 
flolphurets  a  black,  and  gallic  Acid  a  brown  one.  A 
plate  of  iron  throws  down  the  Copper  in  the  metallic  state. 
(833.)  The  uses  of  Copper  in  the  Arts  are  so  nume- 
nms  and  varied,  that  many  will  occur  to  the  recollection 
of  every  one.  In  Medicine,  the  sulphate  has  been 
cautiously  administered,  but  is  an  active  poison;  in 
Surgery  it  is  employed  as  an  escharotic. 

References  to  §  12. 

(«.)  Thenard.  Syst  vol.  ii.  p.  381.  (b.)  An.  deCh. 
vol.  XXX. ;  Chenevix,  Phil.  Tram.  1801  ;  Proust,  Jn. 
de  Ch.  vol.  xxxii.  p.  26  ;  Oxides.  Berzelius.  Phil.  Mag. 
Yol.  xli.  p.  200 ;  Phosphuret,  Pelletier,  M^.  de  Ch. 
vol,  i.  p.  274,  and  vol.  ii.  p.  32. 

Sect.  XUL-^TeUurium. 

(834.)  A.  This  Metal  was  discovered  by  Klaproth  in 
one  of  the  most  productive  of  the  ores  of  gold.  The  two 
Metals  are  found  combined  in  the  mines  of  Transyl- 
vania. 

(835.)  B.  Tellurium  is  extracted  by  dissolving  the 
gold-ore  in  nitro-muriatic  Acid.  The  solution  is  diluted 
with  water  and  pure  potassa  is  added.  Thus  all  the 
Metals  are  precipitated,  together  with  a  white  powder, 
which  is  redissolved  by  an  excess  of  the  precipitant. 
This  alkaline  solution  is  again  acidified  by  hydrochloric 
Acid;  which  throws  down  a  precipitate.  This  powder 
is  dried  and  heated  with  charcoal  in  a  glass-retort. 
Metallic  Tellurium  is  volatilized  and  forms  brilliant 
metallic  drops  on  the  cooler  surfaces  ol  the  retort. 

(836.)  C.  In  colour  this  Metal  is  between  tin-white 
and  lead-grey,  with  considerable  lustre,  and  a  foliated 
texture.  Extremely  light,  fusible  below  a  red  heat,  and 
very  volatile. 


(837.)  D.  WiMfi  heated  in  the  open  air.  Telliifiiim 
undergoes  combustion  and  is  oxidated.  The  oxide  of  ^ 
Tellurium  is  capable  of  performing  the  parts  both  of  a 
base  and  of  an  Acid ;  so  that  if  space  permitted  a  full 
description  of  its  properties,  we  ought  to  place  the  Tel« 
luric  Add  as  a  Subsection. 

(838.)  £.  Tellurium  unites  with  chlorine,  forming  a 
white  Solid. 

(839.)  F.  G.  Unexamined,  except  that  the  iodide 
forms  a  red  aqueous  solution. 

(840.)  H.  A  combination  of  Tellurium  with  hydro- 
gen was  discovered  by  Sir  H.  Davy  in  1809,  and  called 
Telluretted  Hydrogen  Gas.  It  possesses  slightly  acid 
properties,  and  therefore  might  with  propriety  be  called 
Hydro-Telluric  Acid  Gas.  It  unites  also  with  sulphur 
and  carbon. 

(841.)  I.  The  habits  of  Tellurium  with  other  Metals 
are  little  known.  It  has  been  alloyed  with  potassium ; 
but  does  not  seem  disposed  to  unite  with  mercury. 

(842.)  K.  A  few  of  the  Salts  with  oxide  of  Tellurium 
as  a  base  have  been  examined  by  Berzelius ;  these  are 
the  sulphate,  hydrochlorate,  and  nitrate. 

The  same  Chemist  has  also  examined  the  tellurates^ 
and  described  those  of  potassa,  ammonia,  lime,  barytes, 
copper,  iron,  and  lead. 

(843.)  L.  Tellurium  is  recognised  by  its  volatility ; 
by  being  precipitated  as  a  white  powder  from  its  solu- 
tion in  uitric  Acid ;  by  giving  sJso  an  orange  brown 
precipitate  with  Uydrosulphuric  Add  Gas. 

(844.)  M.  None. 

References  to  §  13. 

Klaproth,  Crell's  An.  vol.  i.  p.  91 ;  and  1799,  vol.  i. 
p.  275;  Davy,  Phil.  Trans.  1801,  p.  16;  Berzelius, 
Nich.  Jour,  vol.  xxxvi.  p.  129. 

Sect.  XIY.— Lead. 

(845.)  A.  Of  the  first  discovery  of  Lead  we  have  no 
record,  but  it  has  been  known  from  the  very  earliest 
times,  as  we  find  it  frequently  mentioned  in  the  Mosaic 
writings.  The  Alchemists  found  reasons  for  identify- 
ing it  with  Saturn,  under  whose  name  they  spoke  of  it, 
and  by  whose  symbol  they  represented  it.  Lead  is  rarely 
found  native,  but  it  forms  a  part  of  several  compound 
minerals.  Its  sulphate,  carbonate,  phosphate,  chro- 
mate,  and  molybdate,  are  found  in  grreater  or  less  abun- 
dance ;  but  it  is  from  the  sulphnret,  (galena,)  a  very 
abundant  ore,  that  this  useful  Metal  is  principally 
obtained. 

(846.)  B.  The  processes  for  obtaining  Lead  firom  its 
native  sulphuret  differ  in  some  particulars,  which  depend 
upon  the  nature  and  richness  of  the  ore.  In  general, 
the  ore  is  triturated  and  washed  in  running  water  to 
remove  as  much  as  possible  of  the  earthy  impurities. 
It  is  then  roasted  to  drive  off  a  part  of  the  sulphur,  and 
subsequently  fused  with  charcoal  or  lime,  for  the  com- 
plete reduction  of  any  oxide  that  may  be  formed ;  or  for 
the  final  separation  of  any  sulphur  which  may  remain 
in  combination.  The  galena  is  however  oflen  suffi- 
ciently rich  in  an  accompaniment  of  silver,  to  make  it 
worth  while  to  submit  it  to  a  further  process  for  the 
extraction  of  that  Metal.  It  is  remarked,  that  that 
galena  which  has  a  fine-grained  fracture,  exhibiting 
small,  bright,  curvilinear  facettes,  is  the  richest  in  pre* 
cious  Metal,  (a.)  (6.) 

(847.)  C.  The  colour  of  Lead  is  a  bluish  wbite. 
5b2 


FutlL 


726 


CHEMISTRY. 


CbcMistry.  When  in  fusion  it  is  bright  like  quicksilver^  but  rapidly 
^^^/^ta^  tarnishes  and  becomes  covered  with  a  eriist  of  oxide. 
By  exposure  to  air  it  becomes  dim  in  a  few  hours, 
acquiring  a  thin  surface  consisting^  of  a  carbonated 
oxide,  and  then  undergoes  no  further  change.  Lead 
can  scarcely  be  said  to  make  any  impression  on  the 
nerves  of  taste,  but  it  developes  a  slight  smell  upon 
friction.  It  priidtices  a  bluish  streak  upon  white  sub- 
BtanccH.  Few  Metals  are  less  hard,  lor  it  yklds  to  the 
nail  Its  tenacity  is  by  no  means  con  side  rable,  for, 
according  to  Mr.  llennie^s  experiments,  a  wire  2^  inches 
in  diameter  supported  only  1 14  lbs»  (t\)  The  ductility 
of  Lead  is  not  greats  though  it  may  with  care  be  formed 
into  wire ;  and  it  scarcely  can  be  said  to  possess  any 
elasticity  ;  hut  its  malleability  is  rather  considerable. 
According  to  Newton,  the  fusing  point  of  Lead  is  about 
MO''  Fahrenheit.  Irvine  fciund  it  594^  (d.)  and  Crich- 
ton,  of  Gla.^gow,  slates  it  to  be  612°,  (f.)  By  increased 
heat,  the  Metal  boih  and  is  volatilized.  By  sb>wly 
cooling,  it  may  be  obtained  in  the  crystalline  form. 
Monger  describes  these  as  quadrangular  pyramids,  and 
Pajot  de  Chormes  obtained  a  polybedron  of  S2  faces 
arising  from  the  aggregation  of  six  quadrangular 
pyramids,   (/) 

(S48,)  D.  Chemists  have,  in  general,  described  Lead 
as  uniting  wil!i  oxyg*?n  in  only  three  proporlums. 
BerzcUus,  however,  describes  four  oxides  of  lead. 

L  The  first,  which  he  terms  tbe  suboxide,  is  the  dark 
powder  which  gradually  (brms  upon  the  surface  of 
metallic  Lead  when  left  exposed  to  tin?  air.  {g.)  Du- 
h)ng  obtained  tbe  same  oxide  by  distilling  oxalate  of 
Lead  to  a  dry  powder  in  a  glass-retort.  Carbonic  Acid 
and  carbonic  oxide  Gases  are  evolved,  and  the  sub- 
oxide remains  as  a  dark  grey  p%>wder. 

(S49.)  2.  The  next,  or  yellow  oxide  of  Lead,  13  best 
obtained  by  precipitation  from  tbe  addition  of  cnrbonale 
of  potnssa  to  a  snluliou  of  Lead  in  nitric  Acid.  The 
powder  os  it  first  falls  is  white,  but  being  dri^d,  and 
heated  nearly  to  redness,  it  lakes  its  true  yellow  colour. 
This  substance  is  without  taste  or  smell,  is  insoluble  in 
water,  but  soluble  m  potash  or  Acids.  By  heat  it 
easily  vitriiies,  and  by  a  considerable  heat  it  is  capable 
of  volatiiixation,  but  if  so  beated  with  free  exposure  to 
the  iiir  tbe  surface  passes  on  to  a  red  colour.  (A.)  (i.) 

The  Mamcol  of  commerce,  is  in  fact,  tbe  yellow  oxide 
of  Lead  fiirmed  by  exposing  Lead  to  heat,  and  removing 
the  oxide  as  last  as  it  furms  upon  the  surface  of  the 
fused  metal.  This  powder  has  at  first  a  dusky-green 
colour,  being  a  mixture  of  true  oxide  and  metallic 
Lead,  but  by  longer  exposure  to  heat  in  an  open  vessel 
more  oxygen  la  absorbed,  and  complete  massicot  is 
furmcd. 

IFhik  Lead,  so  much  used  as  a  pigment,  is  a  com- 
pound containing  llie  yellow  oxide  of  Lead  and  carbonic 
Acid.  It  is  formed  by  exposing  thin  plates  of  Lead  to 
the  vapour  of  hot  vinegar. 

(850  )  3,  The  next  oxide  of  Lead  is  of  a  bright  red 
colour,  and  is  known  in  the  Arts  liy  the  uame  of 
Minium,  or  Rrd  Lead.  It  is  easily  formed  by  exposing 
finely  powdered  massictvt  in  such  a  furnace,  that  the 
flame  may  con^stantly  play  upon  the  powder  which  is 
constantly  stirred  so  as  to  expose  fresh  surfaces.  The 
process  is  continued  forty-eight  hours,  (A*.) 

Minium  is  a  tasteless  powder  of  very  high  Specific 
Gravity;  by  exposure  to  a  red  heat  it  parts  with  a  por- 
tion of  its  oxygen  and  fuses  in^o  a  dark  brown  glass. 
It  13  acted  upon  by  Acids,  but  ia  every  case  seems  to 


undergo  decomposition,  and  to  be  reduced  to  the  8UI«  i| 

of  the  yellow  oxide.     Indeed  tliere  is  do  combinttioB  ^ 
known  in  which  the  red  oxide  of  Lead  retains  it$CQa* 
siitulion  unchangetl, 

(S5L)  4.    The  highest  o%tde  of  Lead  is  a 
ctkloured  powder,  formed  by  dispersing  the  yellow  ou 
Ihrough  a  mass  of  water,  and  then  passing  a  cur 
chlorine  through  ibe  Liquid.     There  results  a 
bydroclilorate  of  Lead    which    may  be  separ 
washing,  and  t!ie  peroxide  of  Lead  is  an  insolub 
der.     Such  is  Proust's  method.     It  is»  howeve 
to  put  one  part  of  the  red  oxide  (minium)   into  al 
with  five  or  six  parts  of  diluted  nitric  Acid,  contain 
equal  proportions  of  Acid  and  water.      Heat  the  Ltqd 
almost  to  ebullition  and  agitate   it  frona   time  to  ttincr 
Thus  a  Rolulde  nitrate  of  the  yellow  oxide  is  foniw4 
and  the  peroxide  of  Lead,  insoluble  both  in  water  ud 
nitric  Acid.     That  is  to  say,  one  portion  of  the  minfiiii 
takes  oxygen  from  the  other  portion*  and  passes  U>lk 
state  of  peroxide,  while  the  latter  portion,  being  redtied 
to  the  state  of  massicot,  (2  oxides,)   forms  the  soliibie 
nitrate  of  Lead.     The  oxide  is  to  be  well  washed  vfhea 
the  process  is  completed  and  carefully  preserred  in  u 
air-tight  phial. 

The  atomic  constitution  of  these  oxides  of  Lead  pre* 
sent   some  difficulties  which    we    have    not  sptce  1 
discuss* 

(852,)  E,  When  Lead  is  placed  in  chloriDe  Gmi| 
does  not  undergo  visible  combustion,  but  the  Qui 
absorbed,  and  chloride  of  Lead  i;;  formed.     Thischk 
ride  is,  however,  more  easily  obtutned  by  precipiu 
from  adding  a  solution  of  common  salt  to  a  soluttosi 
nitrate  of  Lead,    It  is  tben  found  in  the  form  offieltf 
white,  phimose  crystals,  which  are,  in   fact,  hexahedai 
prisms.     By   heat,   these   crystals  are  fused  jotopuTt 
anhydrous  cbloridc  of  Lead;  the  plumbum  eorntvm^ 
early  authors. 

There  exists  also  a  siibchloinde  of  Lead,  a  while,  io- 
soluble  powder,  which  takes  a  fine,  yellow  cok>urbj 
application  of  heat.  It  is  formed  by  decomposiiig  * 
small  qnantity  of  common  salt  iu  a  great  excess  flf 
litharge  ditlused  through  water. 

(853.)  P.  If  hydrofiuoric  Acid  be  poured  into  a  sdtt- 
tion  of  acetate  of  Lead,  a  precipitation  takes  place  ia 
the  form  of  brilliant  laminae  insoluble  in  water,  very 
soluble  in  nitric,  hydrochloric,  hydrofluoric  Adds,  and 
fusible  at  a  red  heat.  This  is  considered,  by  some,  the 
fluoride  of  Lead,  and  not  the  hydrofluate,  because  of 
its  insolubility  in  water, 

(854.)  G,  By  heating  iodine  and  Lead  together*  ll>t 
iodide  of  Lead  is  readily  formed.  It  is  a  fine,  yellow, 
waxy-looking  substance.  The  same  compound  i^  pro- 
duced as  an  insoluble  precipitate  whenever  a  solatioo 
of  any  hydriodate  is  added  to  a  solution  of  a  Salt  of 
Lead,     This  precipitate  is  of  a  beautiful,  citron  colour. 

(855.)  II,  The  combinations  of  Lead  with  usit, 
hydrogen,  boron,  or  silicon,  are  as  yet  unknown. 

(S&G,)  Carburet  of  Lead  is  a  black  powder*  TffJ 
easy  of  reduction,  formed  by  heating-  together  a  miiturt 
of  finely -powdered  charcoal  and  oxide  of  Lead  ia  * 
closely-luted  crucible.  It  may  also  be  formed  by 
moderately  heating  a  precipitated  prnssiate  ofLetd; 
in  this  case,  nitrogen  encapea  and  carburet  of  ht^ 
remains, 

^^  S 3 7 . )  Sden  w ret  of  Lead,  When  sele u ion  and  l*»^ 
are  heated  together,  an  intimate  union  takes  place,  ttH^ 
more  heat  is  evolved.    A  grey,  porous  m^ts^  is  ionnetl 
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ry»  which  is  not  fusible  at  a  red  heat,  but  is  sofl,  and  takes 
*^  a  silvery  polish.  (/.) 

(858.)  Phosphurd  of  Lead  may  be  formed  by  drop- 
ping bits  of  phosphorus  into  melted  Lead ;  or  by  heat- 
ing in  a  crucible  equal  parts  of  glass  of  phosphorus  and 
licad-filings.  This  substance  may  be  cut  with  a  knife, 
but  is  not  malleable.  Its  colour  is  silver-white,  inclin- 
ing to  blue,  but  it  tarnishes  by  exposure  to  air.  (m.) 

(859.)  Sulphurd  of  Lead  is  easily  formed  by  drop- 
ping pieces  of  sulphur  into  melted  Lead,  or  by  placing 
alternate  layers  of  the  two  substances  in  a  crucible  in 
continued  proportion,  three  of  Lead  to  one  of  sulphur, 
and  giving  a  moderate  heat.  Sulphuret  of  Lead  thus 
formed  is  of  a  deep  blae>grey  colour  of  considerable 
brilliancy,  less  fusible  than  pure  Lead,  and  very  brittle. 
Heat  does  not  decompose  it ;  oxygen  is  not  acted  upon 
by  it  at  an  ordinary  temperature ;  but  by  a  moderate  eleva- 
tion of  temperature  it  passes  into  sulphate  of  Lead,  and 
sulphurous  Acid,  while  by  a  further  increase  of  tem- 
perature, a  part  of  the  Lead  is  reduced.  This  is  iden- 
tical with  the  mineral  galena. 

Professor  Thomson  states,  that,  "  besides  the  com- 
mon sulphuret  of  Lead,  there  occurs  another  occasionally, 
lighter  in  colour  and  more  brilliant,  which  burns  in  the 
flame  of  a  candle,  or  when  put  upon  burning  coals, 
emitting  a  blue  flame.  It  contains  at  least  25  per  cent. 
of  sulphur.  It  is,  therefore,  a  Bisulphuret  of  Lead. 
This  variety  has  not  hitherto  been  noticed  by  Minera- 
logists, neither  has  it  been  made  artificially  by  Che- 
mists." (/I.) 

(860.)  I.  Lead  combines  readily  with  several  other 
Metals.  When  fused  with  gold^  it  enters  into  intimate 
combination,  and  when  even  small  in  quantity,  it 
greatly  impairs  the  colour  and  ductility  of  the  nobler 
Metal.  With  silver  it  forms  a  very  fusible  compound, 
but  of  inferior  tenacity  and  hardness.  The  same  is  true 
of  the  alloy  of  Lead  and  platina.  The  alloy  of  Lead 
and  copper  is  a  brittle,  grey  substance.  It  had  been 
thought  that  iron  could  not  be  combined  with  Lead,  but 
Muschenbroeck  united  134  parts  of  Lead  with  400  of 
iron,  and  formed  a  hard  alloy,  but  inferior  to  iron  in 
tenacity.  Morveau  showed,  that  when  the  two  Metals 
are  heated  together,  two  distinct  alloys  are  formed,  the 
one  at  the  top  of  the  crucible,  containing  very  little 
Xiead,  the  other  a  button  of  iron  at  the  bottom,  but 
combined  with  a  small  quantity  of  Lead,  (o.)  This  Metal 
readily  unites  with  potassium  and  sodium,  Gmelin 
formed  the  alloy  of  cobalt  and  Lead,  by  placing  powder 
of  cobalt  between  plates  of  Lead,  and  submitting  them 
to  heat  in  a  crucible  well  covered  with  charcoal  (j9.) 
Gmelin  also  examined  carefully  the  alloys  of  Lead  and 
zinc;  the  Metals  seem  to  unite  in  almost  every  pro- 
portion. (7.)  Bismuth  was  combined  with  Lead  by 
Muschenbroeck,  and  formed  a  brittle  alloy.  The  alloy 
of  Lead  and  arsenic  is  brittle,  having  a  foliated  struc- 
ture. Mercury  dissolves  Lead,  and  the  amalgam 
seems  to  retain  its  physical  properties  much  in  propor- 
tion to  the  quantities  of  its  respective  ingredients. 
When  the  Lead  is  in  such  quantity  as  to  produce  a 
mass  nearly  solid,  certain  crystalline  facettes  are  per- 
ceptible. 

(861.)  K.  Acids  for  the  most  part  act  upon  Lead  or 
its  oxides.  The  Salts  thus  formed  have  a  sweet  taste. 
One  oxide  alone,  the  yellow,  seems  to  form  the  base  of 
its  Salts;  for  if  the  other  oxides  be  employed  in  solution, 
oxygen  is  evolved,  and  a  Salt  of  the  yellow  oxide 
results. 


Cold  Sulphuric  Acid  has  scarcely  any  action  upon  Put  \h 
Lead,  but  when  boiled  upon  it,  there  is  an  evolution  of  v-«i^^'«i- 
sulphurous  Acid  Gas,  the  metallic  oxide  is  formed,  and, 
combining  with  the  sulphuric  Acid,  produces  a  white 
pulverulent  substance,  which  is  sulphate  of  Lead  with 
some  excess  of  Acid.  A  portion,  also,  is  dissolved  in 
the  Acid,  and  may  be  reduced  to  acicular  crystals,  by 
evaporation.  A  neutral  sulphate  is,  however,  more 
regularly  formed  by  adding  a  solution  of  any  Salt  of 
Lead  to  a  solution  of  an  alkaline  sulphate.  The  white 
precipitate,  which  is  sulphate  of  Lead,  is  almost  insolu- 
ble in  water. 

(862.)  SulphurouM  Acid  does  not  act  on  Lead ;  but 
if  the  red  oxide  be  placed  in  this  Acid,  a  saline  mass  is 
formed,  consisting  of  both  sulphate  and  sulphite  of  the 
yellow  oxide.  Sulphite  of  Lead  is  formed,  also,  by 
immersing  the  white  oxide  obtained  from  the  nitrate  in 
sulphurous  Acid. 

(863.)  Hydrochloric  Acid  has  but  slight  action  upon 
Lead  even  when  heated.  When  muriatic  Acid  is 
digested  in  the  red  oxide,  the  Acid  is  partially  decom- 
posed, as  also  the  oxide;  hydrogen  from  the  former 
unites  with  a  part  of  the  oxygen  from  the  latter,  so  that 
a  chloride  of  the  yellow  oxide  results ;  the  excess  of 
Acid  servingas  a  solvent,  the  Salt  ultimately  crystallizes 
in  delicate,  silky  prisms.  (Fzc/e  £.)  But  to  obtain  this 
neutral  muriate  most  readily,  let  a  soluble  Salt  of  Lead 
be  added  to  any  alkaline  muriate ;  acetate  of  Lead,  for 
instance,  to  muriate  of  soda.  This  Salt  is  soluble  in 
30  parts  of  water,  and  readily  fuses  by  heat. 

(864.)  Nitric  Acid  forms  several  compounds  with 
Lead,  so  as  to  produce  rather  a  complicated  series  of 
Salts.  Nitric  Acid,  slightly  diluted,  dissolves  Lead 
with  rapid  evolution  of  nitrous  Gas.  From  this  solu- 
tion, or  from  a  solution  of  the  yellow  oxide  in  Nitric 
Acid,  octohedral,  diaphanous  crystals  are  easily  obtained. 
This  seems  to  be  the  anhydrous  nitrate  of  the  yellow 
oxide,  (r.)  The  other  combinations  of  these  substances 
have  been  examined  by  Chevreul  and  Berzelius,  and 
to  their  Memoirs  we  must  refer  the  reader.  («.)  They 
are  well  described  in  Thomson's  System  of  Chemistry. 

(865.)  Phosphoric  Acid  acts  slowly  upon  Lead.  But 
the  phosphate  of  Lead,  a  flaky  white  precipitate,  is  easily 
formed  by  adding  a  solution  of  phosphate  of  soda  to 
nitrate  or  acetate  of  Lead.  This  substance  is  inso- 
luble in  water,  soluble  in  nitric  Acid,  and  is  decom- 
posed by  the  muriatic  and  sulphuric  Acids.  Berzelius 
has  described,  also,  a  superphosphate  and  a  subphos- 
phate.  (L) 

(866.)  Phosphite  of  Lead  is  formed  by  adding  a  hot, 
concentrated  solution  of  muriate  of  Lead  to  a  solution 
of  phosphite  of  ammonia,  the  precipitate  is  a  flocculent, 
white  powder. 

(867.)  An  insoluble,  white  precipitate  of  Borate  of 
Lead  is  formed  by  adding  a  solution  of  borax  to  nitrate 
of  Lead. 

(868.)  Carbonate  of  Lead  is  found  native,  or  is 
readily  obtained  by  adding  an  alkaline  carbonate  to  any 
solution  of  a  Salt  of  Lead. 

The  oxides  of  Lead  have  never,  in  common  language, 
been  considered  as  performing  the  part  of  Acids,  never- 
theless they  have,  in  general,  a  strong  degree  of  affinity 
for  the  earthy  oxides.  Solutions  of  potash,  or  soda, 
will  dissolve  and  hold  in  solution  a  portion  of  oxide  of 
Lead.  Lime,  when  boiled  with  it  in  water,  does  the 
same,  and  minute  crystals  may  be  obtained  by  evapo- 
ration.    By  fusion,  all  the  earths  unite  with  the  oxides 
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Chcmiatry.  of  Lead  fonniog  differently-coloured  enamels ;  and  of 
y*^ms^w^f  all  the  metallic  oxides,  that  of  Lead  forms  the  stronf^est 
flux  for  promoting  the  vitrification  of  earthy  substances. 
So  strong  is  the  affinity  of  oxide  of  Lead  for  the  Acids, 
that  it  will  decompose  some  neutral  Salts  when  dry. 
Thus  if  oxide  of  Lead  and  muriate  of  ammonia  be  tri- 
turated together,  ammonia  is  evolved,  and  by  the  aid  of 
heat  a  complete  decomposition  may  be  effected.  Mu- 
riate of  soda  is  capable  of  a  similar  decomposition. 

(869.)  L.  Numerous  characteristics  distinguish  Lead 
and  its  Salts ;  the  latter,  if  soluble  at  all,  give  a  colour- 
less Liquid.  They  have  a  sweet  taste,  and  are  strongly 
styptic.  Hydrosulphuret  of  potash,  sulphuretted  hy- 
drogen, and,  in  short,  nulphur  in  any  of  its  forms,  pro- 
duces a  copious  black  or  deep-brown  precipitate. 
Prussiate  of  potash,  gallic  Acid,  and  infusion  of  galls,  all 
produce  white  precipitates.  Zinc  precipitates  the  Lead 
in  a  pure,  metallic  state.  Sulphate  of  soda  is  used  as  a 
test  of  Lead  producing  a  white  precipitate.  Hydrio- 
date  of  potash  produces  a  beautiful,  bright,  yellow-co- 
loured precipitate.  Vauquelin  has  shown  that  the  pre- 
cipitates thrown  down  from  the  Salts  of  Lead  by  the 
alkalis  are  subsalts.  (u.)  The  most  satisfactory  proof 
that  a  precipitate  contains  Lead,  is  obtained  by  reducing 
it  by  the  blow-pipe  on  charcoal.  The  polyhedral  form 
which  the  irreducible,  enamel-looking  globule  assumes 
upon  cooling,  after  it  has  been  fused  by  the  blow-pipe 
on  charcoal,  is  a  good  proof  of  Lead  which  has  been 
precipitated  by  a  phosphate. 

**  The  uses  of  Ijead  are  extensive.  As  it  is  flexible, 
easily  reduced  to  thin  sheets,  and  easily  united  by  solder, 
it  is  used  in  making  pipes  for  conveying  water,  large 
boilers,  and  vessels  of  different  kinds.  It  is  cast  into 
thin  sheets  for  covering  buildings.  Its  oxides  are  used 
&s  paints.  They  are  also  employed  in  the  manufacture 
of  the  finer  kinds  of  glass,  to  which  they  communicate 
density,  a  higher  refractive  power,  a  greater  equality  of 
texture,  and  a  greater  susceptibility  of  polish :  hence, 
they  enter  into  the  composition  of  the  pastes  which 
imitate  gems.  They  form,  in  combination  with  earthy 
matter,  the  glazing  of  the  inferior  kinds  of  earthenware. 
There  is  some  reason  to  doubt,  whether  the  use  of  Lead 
in  pipes  for  conveying  water,  or  in  vessels  for  contain- 
ing it,  be  altogether  safe ;  Lead,  immersed  in  water,  is 
covered  at  length  with  a  white  crust  of  oxide  or  car- 
bonate ;  and  this  Metal  is  the  most  hisidious,  and,  at 
the  same  time,  one  of  the  most  destructive  of  the  mine- 
ral poisons.  In  water,  however,  which  has  been  con- 
veyed through  pipes  of  Lead,  no  trace  of  the  Metal  can 
be  discovered  by  the  most  delicate  test,  sulphuretted 
hydrogen.  Even  water  kept  in  cisterns  of  Lead, 
where  the  exposure  to  the  air  is  more  free,  seems  not 
to  have,  in  general,  any  sensible  impregnation;  this 
may  arise  from  the  deposite  of  earthy  matter  from 
the  water  covering  the  Lead.  The  observations  of 
Guyton  too,  on  the  effect  of  the  presence  of  a  little 
saline  matter  in  preventing  its  action  on  Lead,  may 
serve  to  explain  how  the  practice  of  keeping  water 
which  is  used  as  drink  in  cisterns  of  Lead,  is  not  more 
injurious  than  it  appears  to  be.  Some  facts  appear  to 
prove,  that  river  water  is  more  liable  to  receive  an 
impregnation  from  leaden  vessels  than  spring  water  is, 
probably  from  the  Salts  in  the  former  being  chiefly 
muriates,  while  in  the  latter  they  are  sulphates  or  car- 
bonates. The  use  of  earthenware  glazed  with  oxide  of 
Lead  is  hazardous,  as  the  glazing  is  soon  eroded  by 
any  acid  liquor*  and  a  noxious  impregnation  commu- 


nicated ;  and  many  fatal  accidents  have  occurred  from    ^ 
the  use  of  Lead  in  the  fabrication  of  vessels  in  which  v^s 
wine,  cider,  and  other  fermented  liquors,  are  prepared 
or  kept*' 

Minium  and  massicot  have  been  already  noticed.  (D.) 
Litharge,  another  common  preparation  of  Lead,  is  sup«. 
posed  to  contain  the  yellow  oxide,  with,  perhaps,  th^^ 
admixture  of  some  carbonic  Acid ;  it  is  formed  durin^|^ 
the  process  of  cupellation  by  directing  a  strong  currei^^. 
of  air  upon  the  surface  of  the  fused  Lead  which  thi^^^^ 
carries  off  the  oxitle  in  a  semivitrified,  or  crystallir 
state,  in  fine  scales  as  fast  as  it  is  formed.     If  lith 
be  fused  by  a  stronger  heat  into  a  compact  mass,^ 
goes  by  the  name  of  Glass  of  Lead. 

In  consequence  of  the  sweet  taste  of  the  Salts  of  Lei^ 
they  have  at  times  been  employed  to  correct  the  flavour 
of  bad  wines.     This  most  pernicious   adulteration  « 
readily  detected  by  what  is  generally  called  Hahneman'i 
VTine  Test,  having  the  advantage  of  precipitating  Lead 
but  not  iron.     *'  It  is  prepared  from  sulphuret  of  lime 
(formed  by  exposing  equal  parts  of  sulphur  and  op(n» 
shells  to  a  white-heat  for  15  minutes)  and  supertartrate 
of  potash.     120  grains  of  the  sulphuret  and  180  oftbe 
supertartrate  are  put  into  a  bottle,  which  is  to  be  filled 
with  16  ounces  of  water  that  has  been  previously  boiled 
and    suffered   to   cool.     The   liquor  having  been  re- 
peatedly shaken,  is  to  be  poured  off  clear  into  phiab 
which  hold  about  one  measured  ounce ;  into  each  of 
which  about  20  drops  of  muriatic  Acid  has  been  put; 
and  they  are  well  corked.     One  part  of  this  solatioa 
mixed  with  three  parts  of  the  suspected  liquor  will  dis- 
cover, by  a  black  precipitate,   the  smallest  quantity  of 
I^ead,  while  it  does  not  precipitate  iron;  the  tartaric  and 
muriatic  Acids  retaining  iron  in  solution  when  com* 
bined  with  sulphuretted   hydrogen."  (r.)     Burgundy, 
and  all  wines  which   hold  tartar  in  solution,  will  not 
retain  an  adulteration  of  Lead,  as  the  tartrate  is  inao* 
luble.      Lead    taken    internally  is  an  active    poison. 
Small  quantities  of  the  acetate  are  sometimes  given  as 
a  styptic  in  cases  of  internal  hemorrhage.     Its  solutkm 
is  employed  as  a  sedative  application  to  inflamed  sur- 
faces and  scrofulous  sores.     When  greatly  diluted,  it 
forms  a  good  eye- water.     Goulard's  Extract^  the  sub- 
acetate,  is  indeed  a  valuable  article  in  Pharmacy.    Hie 
deleterious  effects  of  Lead  may  be  seen  in  the  specifie 
disease  which  afiliots  house-painters,  and  has  the  name 
of  Colica  Pictonutn.     A  disease  much  similar  prevailed 
formerly  in  the  cider  Countries,  from  placing  the  cider 
in  leaden  vats.     Its  evil  effects  are  chiefly  of  a  paralytic 
form,  when  taken  for  some  time  in  small  quantities.   A 
large  dose  will  act  as  a  poison :  the  best  antidote  for  any 
one  that  cannot  be  ejected  from  the  stomach,  is  a  quan- 
tity of  sulphate  of  soda  dissolved  in  water. 
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METALS.     CLASS  V, 

Sect,  h — Mercuty, 

(S70.)  A.  Tlie  early  history  of  this  Metal  is  entirely 
invohed  in  ihe  obscurity  of  tlistant  Ages,  lis  uses 
in  the  sepanitinn  of  other  i^I^tals  ure  itmong  the  earliest 
rccorrleil  metal  In rgic  processes,  (a,) 

(871)  B,  The  ores  of  Mer(Miry  are  numerous.  The 
process  by  which  the  pure  Mnal  is  chiefly  obtained  is 
bv  putting  the  Hcbtst  orc»  carefully  picked,  into  retorts 
with  some  lime  just  sbiked  by  exposure  to  air-  Heat  is 
applied,  and  the  Mercury  is  condensed  in  a  cool  receiver, 

(872.)  C.  This  is  the  only  Metal  permanently  fluid 
at  our  ordinary  atuio*5pheric  temperatures.  It  freezes 
at  —  39°j  or  —  ^0*^  I'jihrenheit ;  at  680^  on  the  common 
Mercurial  scale,  or  662^  on  that  scale  corrected,  it  boils, 
and  rapidly  dislila  over.  Its  vapour  has  high  expan* 
«ive  force. 

(873  )  D.  Mcrctiry  undergoes  oxidation  by  agitation 
in  a  hcilde  with  almospheric  air.  The  oxide  so  formed 
UFas  called  ^i/tiop.^  perse,  by  Boerluiave,  This  black 
oxide  is,  however,  better  obtained  by  boiling  cidomel 
with  an  excess  of  caustic  alkali  in  solnlion. 

Another  oxide  is  formed  by  exposing  die  Meta!,  for 
several  days,  lo  a  high  temperature,  in  a  t1at  glass-vessel 
freely  exposed.  The  red  oxide  so  obtained  was  formerly 
called  Pncipitaie  per  se.     The  oxides  of  jVIercury  are 

luced   by  mere  exposure  to  heat  in  a  retort.     The 
ro  oxides  of  Mercury  are  true   protoxide  and  deut- 
oxide, 

(871)  E.  Mercury  readily  forms  two  chlorides. 
Calomel  is  the  prntoc!i3orit!e,  and  Corrosive  SublimaU 
the  deutochloridc  of  this  Metal 

(875,)  F,  Unexamined. 

(876.)  G.  There  are  t\vo  iodides  of  Mercury.  The 
protiodide  is  formed  by  mixing  a  solution  of  the  proto- 
liitrate  of  Mercury  with  the  hydriodate  of  potassa.  The 

itiodide  by  mixing  the  same  hydriodate  with  a  solu- 
of  any  deu to-salt  of  Mercury, 

(677 >)  H.  Mercury  combines  with  sulphur,  forming 
a  sulphuret  and  bisulphurel  The  latter,  known  by  the 
name  of  JhctUious  Cinnabar'^  is  formed  by  fusing  sul- 
phur with  six  times  its  iveight  of  mercury,  and  collect- 
ing  the  sublimate  produced  in  close  vessels,  Wlien  re- 
duced lo  fine  powder,  this  same  snbstaoce  is  Vermilion. 
JElhhpfi  Mineral  is  formed  by  triturating  logether  equal 
parts  of  Mercury  and  sulphur.  Mr.  Brande  has  shown 
thai  it  is  a  mixture  of  sulphur  and  bisulphuret  of  Mer- 
cury. (6,) 

(878,)  I.  Of  these  substances,  selenion  alone  has 
b^en  combined  with  Mercury, 

(87fl)  K,  The  sulphuric,  nitric,  and  some  other 
Acids  dissolve  Mercury.  Two  distinct  classes  of  Salts 
are  formed  by  its  respective  oxides.  In  a  more  ex- 
tended Treatise  these  ought  all  to  be  described.  Here, 
however,  that  is  not  possible;  and  as  it  is  obvious  to  the 
reader,  ttint  in  thus  abbreviating  our  description  of  this 
Metal,  we  are  treating  of  il  far  less  fully  than  many  of 
the  other  Metals,  and  C5]>ecially  than  that  described  in 


the  last  section,  we  state  once  for  all,  in  apology  to 
those  who  may  make  the  remark,  and  with  justice,  that 
the  inefjualities  of  that  sort,  which  are  considerable  in 
this  Treatise*  arise  from  circumstances  which  the  author 
has  not  been  able  to  control 

(660.)  We  must  not,  however,  omit  to  notice  a 
curious  detonating  compound  of  Mercury  described  by 
Mr.  Howard,  (c)  It  is  formed  by  dissohing  100 
grains  of  Mercury  in  a  fluid  ounce  and  half  of  nitric 
Acid,  of  Specific  Gravity  1.3  ;  and  when  cold,  pouring 
the  solution  gradually  into  two  ounces  of  alcohol  Spe- 
cific Gravity  0,649.  The  mixtitre  is  then  to  be  genlly 
healed  in  a  flask,  or  retort,  over  a  lamp,  till  a  brisk 
effervescence  ensues.  A  dun- colon  red  precipitate  fall  a 
down,  which  is  t€i  be  most  carefully  dried  over  a  water- 
bath  ;  and  this  is  the  fulminating  Mercury,  This  com- 
pound will  bear  a  heat  somewhat  above  212^  without 
explosion  ;  but  any  further  elevation  of  temperature,  or 
friction  with  hard  substances,  or  percussion,  occasions 
instant  and  violent  explosion.  From  silver,  a  similar, 
but  still  more  violent  compound  is  obtained.  See  FuL- 
MiNATiNO  Powders  in  our  Miscellaneous  DivisiofU 
M*  Liebig  proved,  (d)  that  this  substance  is  a  Salt  con* 
taininga  peculiar  Acid;  and  MM.  Gay  Lussac  and  Lie- 
big  have  made  a  further  iinalysis  of  that  Acid,  (r.)  From 
their  experiments,  the  Acid  appears  to  consist  of  cyanogen 
and  oxygen,  so  as  lo  be  a  true  cyanic  Acid. 

(881.)  L.  Sol nlions  containing  Mercury  give  a  white 
precipitate  with  prussiate  of  polassa,  a  black  one  with 
hydrosulplmles ;  a  white  one  with  hydrochloric  Acid ; 
orangeyeilovv  with  gallic  Acid;  and  a  plate  of  copper 
throws  down  the  Metal  pure.  A  neat  test  of  Mercury  is 
mentioned  in  the  very  valuable  Work  on  Medical  Juris- 
prudence by  Paris  and  Funblanqne.  Place  a  drop  of  a 
Liqnid,  suspected  lo  contain  Mercury,  on  a  polished 
plate  of  gold.  Touch  the  moistened  surface  with  the 
point  of  a  knife ;  if  Mercury  be  present,  the  point 
touched  instantly  becomes  white  from  the  formation  of 
an  amalgam  of  Mercury  and  gold* 

(S82.)  M*  Mercury  has  many  uses  tn  the  Arts,  in 
Metaliurgic  processes^  and  in  Medicine, 
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Sect  Ih—Nkkd. 

(883.)  A.  Nickel  was  first  recognised  ag  a  distinct 
Metal  by  Cronstadt  in  1751,  and  his  experiments  were 
confirmed  by  Bergman  in  1775.  Kupfer-nickel,  fidsB 
copper,  was  the  minor  term  for  the  ore,  and  the  latter 
word  was  retained  by  Cronstadt  as  its  distinctive  name. 
It  is  found  as  a  very  impure  metallic  alloy,  and  in  the 
slate  of  an  oxide.  It  is  also  considered  the  colouring 
matter  of  Chrysoprase. 

(884.)  B,  The  analysis  of  Kupfcr-nickel  is  compli- 
cated, but  an  easy  method  of  obtaining  the  pure  Metal 
is  proposed  by  Thomson,    Dissolve  the  Nickel  of  Com- 
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Cheraistty.  mercc  (j^peiss)  in  sulphuric  Acid,  adtiing  a  i^mall  quan- 
tity of  nitric  Acid  to  promote  oxidntion.  By  concen- 
tration, grrecn  crystals  ol'  sulphate  of  Nicltel  are  obtained; 
and,  for  further  purificatiou,  some  of  ihe  first  formed  and 
purest  are  washed,  and  again  dissolved  in  water*  and 
submitted  to  a  second  crystallization.  By  adding  an 
all^ali  to  a  solution  of  these  in  water,  pure  oxide  of 
Nickel  is  obtuJned*  Let  this  be  mixed  with  three  per 
cent,  of  resin,  formed  into  a  paste  with  oil,  and  exposed 
to  a  forg^e-heat  in  a  charcoal  crucible^  a  button  of  pure 
metallic  Nickel  is  obtained. 

(B85.)  C,  Pure  Nickel  is  nearly  as  white  as  silver, 
but  with  a  slig"ht  cast  of  yellow.  It  is  malleable,  and 
rather  softer  than  iron.  lis  Specific  Gravity,  when 
fused,  is  8.03,  but  by  hammenng  it,  it  is  broug:ht  to  8.82. 
Its  fusing'  point  is  at  leiist  160^of  Wed *Te wood.  Nickel 
possesses  permanent  ma  genetic  properties,  and,  accord- 
ing to  Laoipadius,  its  euerg^y  is  to  that  of  iron  as 
35  to  55, 

(S8G.)  By  exposure  to  heat.  Nickel  tarnishes  but  does 
not  oxidate.  If,  however,  the  Metal  is  dissolved  in 
nitric  Acid,  the  precipitate  given  by  potassa  afier  ex- 
posure lo  a  red  beat,  is  the  protoxide  and  of  a  bluish- 
brown  colour.  Tiienard  obtained  the  next,  a  hemident- 
oxide,  by  passin*  a  current  of  chlorine  through  water 
holding  protoxide  of  Nickel  suspended  in  it  ;  a  portion 
is  dissolved,  and  the  reniaining  black  powder  is  the  hemi- 
deutoxideof  this  Metal. 

(887.)  E.  Nickel  docs  not  instantly  combine  with 
chlorine,  but  by  leaving  the  substances  tn  contact,  a 
chloride  may  be  formed  ;  a  more  ready  process,  how* 
ever,  is  to  expose  the  muriate  to  a  red  heat. 

(888.)  F.   Unknovtn, 

(889.)  G.  The  iodide  of  Nick eK  a  greenish  precipi 
tale,  is  formed  hy  adding  hydriodate  of  potassa  to  a 
solution  of  the  suljihute  or  nitrate  of  the  MetaL 

(89U.)  H.  Nickel  has  been  united  to  sulphur,  phos- 
plir»nLS  selenion,  and  carbon,  but  does  not  combine 
with  nitrogen  or  hydrogen.  Of  its  habitudes  with 
boron,  or  silicon,  we  are  ignorant. 

(891.)  I.  Nickel  combines  with  gold,  copper,  tin, 
and  arsenic,  forniing  brittle  alloys,  but  its  compounds 
with  silver  and  iron  arc  ductile.  Arsenic  entirely  de- 
strovs  its  magnetic  properties,  as  it  also  does  those  of 
iron  and  cobalt. 

(892.)  K.  Both  Nickel  and  its  oxides  are  readily 
Boluble  in  nitric  Acid  with  heat,  and  a  nil  rate  is  ob- 
tained in  rhomboidal  prisms,  which,  according  to  Berg- 
man, first  deliquesce,  and  linally  eRIoresce,  and  ftili  to 
powder.  Proust  describes  a  sub  nit  rate  also,  and  The* 
iiard  a  double  nitrate  of  Nickel  and  ammonia. 

Sulphuric  Acid  dissolves  the  oxide,  and  also  the 
Metal ;  if  aided  by  the  addition  of  a  few  drops  of  nitric 
Acid  the  sulpliatc  readily  crystallizes.  Sulplnite  of  potash 
and  Nickel,  of  ammonia  and  Nickel,  and  of  iron  and 
Nickel,  have  also  been  described. 

Hydrochloric  Acid  Kcurcely  attacks  the  Metal,  but 
dissolves  the  oxide,  and  a  crystalline  hydrochlnrate  is 
produced,  with  properties  like  those  of  the  nitrate.  The 
following  Acids  do  not  attack  the  Metal,  hut  produce 
precipitates  of  insoluble  Sails,  on  the  adrlition  of  their 
neutral  SaUs  to  neutral  solutions  of  NickeL  Carbonic, 
phosphoric,  (and  this  has  a  slight  atiian  on  the  oxide,) 
boracic,  selenic,  (but  the  biseleniate  is  soluble,)  and 
molybdic. 

The  oxalic  Acid  attacks  Nickel  if  slightly  heated, 
and  a  greenish,  insoluble  oxalate  is  deposited.     It  may 


al!io  be  produced  by  dropping  oxalic  Acid  Into  a  SnU  oC  ^ 
Nickel  in  sobition.     Acetic  Acid  also  dissolves  Nickel,^ 
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and  a  very  sohihle  Salt  results.     No  precipitate  is  pro- 
duced by  adding  benzoate  or  succinate  of  ammonia  I 
solutions  of  Nickel;  hence  these  Salts  arc  con%ide 
soluble.     The  arseniate  also  is  soluble  ;  but  the  ( 
nnate,  formed  by  sutfering  chromic  Acid  to  act  upon  1 
carbonate,   gradually  deposits  itself  in    a  pulve 
furm. 

All  the  Salts  of  Nickel  are  of  a  green  colour,  uij 
appear  to  contain  the  protoxide,  whicli  is  also  soluble 
in  ammonia.  On  this  property  Thenard  has  foundrd 
Ills  process  for  separating  Nickel  from  cobalt,  {Am^ 
de  Chim,  vol.  h)  A  scluticm  of  the  two  Metals  ii 
precipitated  by  an  alkaline  carbonate.  By  the  addf- 
tton  of  oxymuriate  of  lime»  the  cobalt  is  converted  into 
the  peroxide.  Ammonia  will  now  take  up  the  oiidei/ 
Nickel  only,  which  maybe  regained  by  evaporatioii. 

Nickel  is  soluble  also  in  ammonia. 

(893.)  L.  In  neutral  solutions  of  Nickel,  hydnh 
sulphuric  Acid  Gas  produces  no  change,  but  hydmid* 
phate  of  potash  gives  a  black  precipitate,  Pnissitleuf 
potash,  a  white  01  greenisli  one;  and  infusion  of  gilk 
gives,  with  some  Salts,  a  grey  ijrecijdtate,  but,  accoi^ii* 
to  Thomson,  with  the  sulphate  none  at  all.  ThecauiUc 
alkalis  produce  wfnte,  and  their  carbonale5i  apple-gwci 
precipitates.     No  Metal  produces  one  precipitalian- 

(894.)  M.  The  only  purpose  to  which  Nickel 
been  applied  is  in  the  formation  of  magnetic  i 
for  which,  if  [)lentiful,  it  might  sometimes  ht\ 
where  steel  would  rust.  From  some  recent  etprri- 
ments  of  Stodart  and  Faraday,  Quarterly  J&urwU^ 
vol  is.,  the  alloy  of  Nickel  and  iron  viould  beiinice* 
able  in  the  Arts,  being  less  liable  to  rust  than  comam 
iron;  but  it  is  singular  that  Nickel  alloyed  witliitcel 
increases  tlie  tendency  to  rusting.  By  far  the  grwiff 
part,  and,  until  lately,  it  was  thought  that  all  tU- mt- 
teoric  is  tones  which  have  fallen  from  the  atmosplwfi 
contained  Nickel.  Laugier  {Mem.  de  Mu^t^um^  \ot.  il) 
asserts  chromium  to  be  a  more  constant  ingredient; 
btit,  be  this  as  it  may,  several  masses  of  native  mt* 
tallic  iron,  which  from  their  situzition  upon  the  sur- 
face of  the  earth  appear  to  be  of  meteoric  origiti,  coatiia 
more  or  IcssNickeb  The  blades  of  the  knives  nsed^ 
the  Esquimaux  tribe,  found  in  the  late  Nortitenivo»r 
of  discovery,  w^ere  of  this  kind. 
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Sect.  Ill . — Omiium. 

(895.)  A.  Osmium  was  so  called  by  Professor  Tea- 
nant  from  the  peculiar  and  pungent  smell  (otf'^ij)  «f  ^ 
volatile  oxide.  This  smell,  accurdinjr  to  Fourcroyiffi 
VauijUt'lin,  iss  similar  to  that  of  ctdorine;  and  to.  \i^ 
examiinitifui  of  this  substance  we  owe  some  informatKJB^ 
though  they  confuunded  tliis  Metal  and  jridiumto^ 
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p.  tber.  The  existence  of  tbis  Metal  in  a  native  alloy 
with  irttthim,  amoti^  the  grains  of  crude  platinum,  has 
been  alreotly  jioticetl. 

(896.)  B,  To  obtuin  metallic  Osmium,  the  alkaline 
solution  ir}entir>ne(l  in  the  seclioii  on  iridinm,  is  to  be 
mixed  with  stilpburic  Acid,  and  submiltcd  to  distilla- 
tion. The  oxide  of  Osmium  paf^ses  over  with  some 
water;  metallic  mercury  is  agitated  with  this  solution^ 
and  abstracts  to  Osmium,  forming-  an  alloy*  By  sub- 
sef]uent  distillation^  the  mercury  is  separated,  and  the 
Osmium  remains, 

(897.)  C  Osmium  is  a  dark-grey  powder,  and  as  it 
has  never  yet  undcr'^one  sufficient  heal  lo  reduce  it  to 
a  mas«;,  its  physical  properties  are  quite  unknown. 

(898.)  D.  When  Osmium  is  healed  with  exposure  to 
atr,  it  oxidates  and  sublimes,  but  it  is  very  probable  that 
the  pure  Metal  is  not  volatile*  Oxide  of  Osmium  may 
be  readily  prncured  by  mixing  the  black  powder  with 
nitre,  and  distilling'  at  a  low  beat.  Oxide  of  Osmium 
rises  into  the  neck  of  the  retort  in  Ihe  form  of  an  ojly 
fluid,  which  by  cooling  becomes  a  solid,  semitransparent 
masfl,  soluble  in  water.  According  to  Vanquclin,  pure 
oxide  of  Osmium  exists  in  the  form  of  transparent 
crystals,  having  a  strong  and  caustic  taste.  Very  soluble 
in  water,  and  capable  of  blackening  animal  and  vege- 
table substances.  There  is  strong  reason  for  suspect- 
ing that  03tide  of  Osmium  enters  into  combination  widi 
alkalis. 

(899,)  E.  With  chlorine,  Osmium  combines,  appear- 
ing at  first  to  melt,  and  assuming  a  green  colour,  and, 
finally,  forming  a  brownish-red  liquid, 

(900.)  F.  G.  H.  Unknown. 

(901.)  L  Osmium  has  been  alloyed  with  gold  and 
copper. 

(902.)  K.  On  this  bead  also  very  little  is  known  by 
direct  ex^riment.  According  toTennant^  Osmium  re- 
sists the  action  of  qO  Acids ;  but  according  to  Van  que  I  in, 
it  is  soluble  in  the  hydrochloric  and  nitro^murialic;  but 
of  any  Salts  with  oxide  of  Osmium  as  a  base,  we  are  as 
yet  ignoriint, 

(903.)  L,  Solutions  of  oxide  of  Osmium  become 
yellow  by  the  addition  of  ammonia  and  carbonate  of 
soda.  Magnesia  produces  no  eflecl,  but  potassa  and 
!ime  produce  yellow  precipitates.  The  most  striking 
test  of  Osmium  is  infusion  of  galls,  which  produces  a 
blue  colour  in  solutions  of  this  Metal.  If  iridium  also 
h  present,  the  infusion  of  galls  first  destroys  the  red 
colour  of  the  iridium  in  solution,  and  then  developea 
the  beautiful  blue  of  the  oxide  of  Osmium.  Copper, 
tin,  stinc,  and  phosphorus  cause  a  metallic  precipita- 
tion. 

(904.)  M.  None, 

References  to  ^  7. 

Tenant,  Phil  Trmts,  1804;  Fonrcroy  and  Vauque* 
lin.  An,  de  CA.  vol  I,;  Vauquelin,  Jn,  dc  CL  voL 
Ixxxiz. 


METALS.    CLASS  VL 

Sect  L — Silver. 

(905.)  A,  Silver  has  been  known  and  employed  from 
the  very  earliest  times.  There  are  several  ores  of 
Silver  in  which  it  is  combined  wilb  sulphur,  with  hy* 
drochloric  Acid,  with  antimony,  arsenic,  and  mercury. 

¥01,*  IV. 


ft  is  also  found  native,  but  not  in  a  state  of  perfect 
purity,  and  from  this  eource  the  first  knowledge  of  the 

Metal  would  probably  arise* 

(906.)  B.  The  rich  ores  of  native  Silver  found  at 
Konigsberg,  are  fused  with  an  equal  weight  of  leat!,  by 
which  an  alloy  is  formed,  and  finely  purified  by  cnpel- 
Intion,  The  Freyberg  ores,  wliich  contain  but  little 
Silver  mixe<l  with  much  pyrites,  are  mixed  with  com- 
mon salt  and  roasted  in  the  rcverberatory  furnace.  Tlic 
frit  is  then  pulverized  and  washed  ;  and  by  the  addi- 
tion of  mercury  an  amalgam  is  formed,  which  is  drained 
from  the  earthy  and  saline  matters.  It  is  then  sub- 
mi  tied  lo  pressure  in  a  bag,  by  which  means  the  liquid 
mercury  is  separated,  and  the  more  solid  alloy  remains 
for  final  purification,  by  distilling  off  the  remaining 
mercury  iu  heated  earthen  retorts.  In  Mexico  and  Peru 
the  process  is  nearly  the  same. 

Silver  is  also  obtained  in  considerable  quantities 
from  some  vaneti**s  of  galena,  native  sulpburet  of  lead. 

For  Chemical  purposes,  pure  Silver  is  best  obtained 
by  a  process  recommended  by  M.  Gay  Lussac.  (a.) 
Precipitate  the  Silver  from  its  nitrate  by  a  plate  of 
copper  ;  digest  the  precipitate  in  a  weak  solution  of 
ntirate  of  Silver;  by  which  any  adhering  copper  is  taken 
up,  and  pure  Silver  deposited  in  its  place. 

(907.)  C.  Silver  is  the  whitest  Metal  at  present 
known,  and  capable  of  receiving  a  very  high  degree  of 
brilliancy  from  the  burnisher.  It  has  neither  taste  nor 
smell.  Its  hardness  is  superior  to  that  of  copper,  but 
inferior  to  that  of  gold.  Its  Specific  Gravity  10,39— 
10.51.  Its  ductility  and  tenacity  are  of  the  highest 
order,  and  in  malleability  it  is  inferior  to  gold  only.  It 
may  be  beaten  out  into  leaves  of  one  hundred- thou* 
sandth  of  an  inch  in  thickness.  It  fuses  at  a  full  red 
heat,  which  has  been  estimated  al  about  1000^  Fahren- 
heit, or  according  to  Dn  Kennedy,  at  22'  Wedge  wood. 
By  IV  greatly  increased  heat,  it  is  capable  of  volatiliza- 
tion. This  is  etfected  eilher  by  the  flame  of  oxygen 
and  hydrogen  from  the  Gas  blowpipe,  or  as  Vauqueiin 
found,  by  a  current  of  oxygen  alone  upon  charcoal.  By 
slow  cooling  and  pouring  off  some  portion  while  stiU 
fluid,  four-sided  pyramidal  crystals  may  be  produced. 

(908.)  D.  By  exposure  to  the  air  or  to  water.  Silver 
does  not  undergo  oxidation,  but  by  long  continued  heat 
in  an  open  vessel  it  may  be  converted  into  a  greenish- 
brown  oxide :  Galvanic  Electricity  and  the  common 
Electric  discharge  produce  the  same  effect.  The  same 
oxide  is  produced  by  precipitating  a  solution  of  Silver 
in  nitric  Acid  with  lime-water.  This  oxide  is  insoluble 
in  water,  but  soluble  in  several  Acids,  and  in  ammonia. 

If  the  amraoniacal  solution  of  this  oxide  be  exposed 
to  the  oir,  a  pellicle,  consisting  of  a  black  powder,  forms 
upon  ihe  surface,  which  Mr.  Faraday  considered  a 
pecidiar  oxide;  and  from  a  repetition  of  his  experi- 
ments. Dr.  Thomson  coincides  with  him  in  opinion. 

(909.)  K.  When  Silver  is  heated  in  chlorine,  the 
Gas  is  gradually  absorbed,  and  a  chloride  of  Silver  i« 
obtained.  It  is  easily  formed  also  by  adding  any  hy- 
drochlorate,  or  a  solution  of  chlorine,  to  a  solution  of 
nitrate  of  Silver,  iu  which  casea  it  instantly  forms  a 
white,  curdy  precipitate.  This  substance,  formerly 
called  muriate  of  Silver,  is  fused  into  a  greyish  mas^ 
but  undecomposed  at  a  red  heal ;  and  this  is  the  horn 
Silver  of  older  Chemists  and  Mineralogists.  It  it 
soluble  in  ammonia,  and  decomposed  by  alkaline  caiv 
bonates,  while  the  pure  alkalis  and  Acids  have  no 
ctfect  upon  it.  Being  a  most  definite  compound,  it  if 
bo 
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^,  tiie  wia]  state  in  wiiidi  Silver  n  sq»raled  in  analysis; 
sod  af^  a  low  red  heat,  its  wdght  affords,  by  caleukr- 
tion,  an  accurate  estimate  of  the  Silrer  actM  upon. 
The  chloride  is  easily  reduced,  by  fusion  in  a  crucible 
with  twice  its  weight  of  carbonate  of  potash  or  soda* 
a  buttoA  of  pure  Silver  resulting.  It  is  also  decom- 
posed by  trituration,  or  fusion  with  several  of  the 
Metals.  (6.) 

(910.)  F.  Unexammed. 

(Oil.)  Q.  By  adding  hydriodic  Add  tp  a  solution 
of  nitrate  of  Silver,  iodide  of  Silver  is  precipitated ;  it  is 
yellow,  insoluble  in  water  or  animoniay  but  is  decom- 
posed by  heating  it  with  potash. 

(912.)  U.  Silver  does  not  combine  with  azote, 
kydrogen,  carbon,  boron,  or  silicon.  Pdletier  formed 
its  phosphuret ;  and  Beradins  is  of  opinion  that  two 
seleniurets  exist.  Silver  appears  to  have  a  strong 
affinity  for  sulphur;  the  sulpburet  is  found  native,  and 
forms  the  tarnish  which  is  so  frequently  seen  upon 
Silver  plate ;  this  arises  from  the  hydrosolphuric  Acid 
Oas,  wbidi  is  produced  by  the  deoomposition  of  animal 
and  vegetable  matter  daily  g^ing  on.  The  discoloration 
of  a  tea-spoon  with  which  an  egg  has  been  eaten,  arises 
from  the  same  cause. 

(913.)  I.  Silver  is  alloyed  with  eopper,  for  coinage,  in 
England  and  most  other  Countries.  It  unites  with  iron, 
but  with  slight  energy,  for  in  cooling  rapidly,  globules 
of  Silver  are  forced  as  it  were  finom  pores  in  the  mass ; 
and  by  slow  cooling,  the  Metals  are  almost  entirely 
separated  in  the  order  of  their  Specific  Gravities,  a 
mass  of  iron  being  found  at  bottom  and  Silver  at  the 
top.  The  same  takes  place  with  oobaU.  Silver  pro- 
duces brittle  alloys  with  zinc,  arsenic,  bismuth,  lead,  and 
tin ;  malleable  ones  with  gold,  copper,  platinum,  and 
mercury. 

With  nickel  it  refuses  to  unite. 

(914.)  K.  Silver  is  acted  upon  by  some  of  the  Acids, 
but  not  by  all  In  the  nitric,  it  is  readily  soluble,  with 
the  evolution  of  nitrous  Gas.  This  solution  gives  to 
^e  skin,  and  to  all  animal  matter,  an  indelible  black 
stain.  It  is  capable  of  crystallization,  is  soluble  in 
alcohol,  and  a  part  of  its  Silver  is  reduced  by  exposure 
to  light.  It  is  decomposed  by  a  red  heat,  and  when 
fused  by  a  moderate  degree  of  heat,  and  cast  into  moulds, 
forms  the  common  lunar  caustic. 

Sulphuric  Add  acts  on  Silveir  only  when  heated,  but 
•t  the  same  time  the  Metal  must  be  in  a  minute  state 
-of  division.  Phosphoric  Acid  does  not  act  on  Silver, 
but  the  phosphate  may  be  indirectly  obtained.  For  a 
faiH  description  of  the  Salts  of  Silver,  we  must  refer  to 
snore  extended  Treatises. 

(915.)  L.  For  the  snost  part,  the  Salts  of  Silver 
are  very  sparingly  soluble  in  water.  They  may  be  in- 
duced, before  the  blowpipe,  in  charcoal.  Solutions  of 
Silver  are  precipitated  by  muriatic  Add,  or  the  muriates. 
By  sulphate  of  iron,  the  Silver  is  predpitated  in  the 
metallic  state.  By  a  plate  of  copper,  the  Metal  is  thrown 
down  nearly  pure.  Prussiate  of  pota&fa  gives  a  white, 
and  the  alkaline  hydrosulphurets  a  black  predpitate. 
In  some  of  the  saline  solutions  of  Silver,  aceordiiig  to 
Thomson,  gallic  Acid  causes  a  yelkmish-brown  preci- 
pitate. 

(916.)  M.  The  alloy  of  Silver  with  eopper  for  coin- 
•ge  in  England,  is  11.1  of  Silver  to  -^  of  copper. 
The  best  Silver  plate  is  formed  by  uniting  a  plate  of 
eopper  to  the  &iii<fiM!e  of  a  thin  pJate  of  Silver,  and  then 
mtending  the  snass.by  pasahig  it  between  sted  rdlers, 


afVnr  which  it  is  resdy  to  be  woiked  ap  imko  Tariout 
ornamental  and  useful  forms.    Inferior  plate  is  msaii- 
factured  by  applying  an  amalgam  of  Silver  to  the  snrfssi 
of  the  copper,  afler  some  ad^ion  is  e&cted ;  the  ■le^ 
eory  is  driven  off  by  heat,  and  the  Silver  undergoes^ 
operation  of  the  burnisher.    The  brass  dials  of  dods^ 
thermometer  and  barometer  scales,  &a  are  dlTered  ly 
rubbing  upon  them  a  mixture  of  whiting,  pearlash*  mi 
chloride  of  Silver.    A  similar  compodtion  is  oAea  sold  k 
small  balls  in  the  streets  of  London  for  beautifyii^sU 
brass  candlesticks.    According  to  Stodail  and  Faadi|^ 
{QuariertyJour,  vol.  ix.)  an  alloy  of  one  part  of  Silver  vith 
500  of  steel  is  admirably  adapted  for  the  mawnfiictmerf 
cutting  instrnments.    IndeLMemarkimg  ink  is  msdeiy 
dissolving  ten  grains  of  lunar  caustic  in  half  anooaftof 
gum-water;  with  this  ink,  the  linen  is  to  be  maribedte 
a  common  pen,  but  to  prevent  the  eorrodve  q«s%tf 
the  sdt  it  is  necessary  to  moisten  the  linen  with  a  waft 
solution  of  peariash,  which  is  suflSsred  to  dry  bdora  ik 
ink  is  applied.    It  is  a  dngular  fact  that  'i,  instead  tf 
potash,  soda  ks  the  alkali  employed,  the  ink  nsM. 

The  Arbor  Dianm^  a  beautUbl  experiment  of  Ae 
Alchemists,  is  formed  by  putting  into  a  flask  six  dndos 
of  a  saturated  adution  of  nilrsle  of  Silver,  and  far 
drachms  of  a  saturated  solution  sf  nitrate  of  meranjb 
diluted  with  five  ounces  of  distilled  water ;  in  thb  sals* 
tion  place  a  small  lump  of  amalgam,  consisting  of  seitt 
parts  of  mercury  with  one  of  Silver.  The  flask  it  ti 
remain  perfectly  quiet,  and  in  a  few  hours  a  i)eaBlilbl 
arborescent  predpitate  is  produced. 

Two  very  violent  fulminating  compoimds  of  Sihw 
are  known  to  Chemists.    The  first  was  discovsred  bf 
Berthollet,  {An.  de  Chim.  vol.  i.)  end  is  thus  Smod. 
Precipitate  a  solution  of  nitrate  of  Silver  by  lime-wiM 
Wash  the  brown  oxide  thus  produced  in  theopeodr, 
and  let  it  be  kept  dry  in  a  wdl-dosed  phmfg^  Ts  pn- 
pare  the    fulminating  cosnpound,  put  ten  cht  tvfhie 
grains  of  this  oxide  into  half  an  ounce  of  smsisds 
perfectly  caustic,   and   moderately  dilate.     The  eddl 
blackens,  and  more  or  less  is  dissolved.     Pourthe  dasr 
solution  into  a  shallow  vessel,  and  expose  it  to  tlie 
action  of  the  air.     In  ten  or  twelve  hours,  the  soifatt 
becomes  covered  by  a  crystalline  pellide,  which  is  thi 
fulminating  Silver.    This  formidable  substance  is  to  be 
removed  while  still  wet,  in  lumps  not  exceeding  twi 
grains,  to  bits  of  blotting-paper,  and  suffered  to  isf» 
Even  when  wet,  it  will  sometimes  explode  by  a  toodi. 
and  when  dry  the  touch  of  a  feather,  or  a  bristle,  wS 
ignite  it ;  the  black  powder  which  lemams  in  the  seln- 
tion  appears  to  possess  the  same  properties ;  aad  so 
violent  and  uuccrtain  is  the  action  of  this  siibstaasSb 
that  it  is  one  of  the  last  experiments  we  should  advise 
a  beginner  to  undertake. 

The  other  fulminating  Silver,  though  of  g^reat  power, 
may  be  procured  with  more  safety.  The  process  for  its 
formation  is  described  in  Art.  (8S0.)  See  also  Foi^ 
ifiNATiNO  Powders,  in  our  Miscellaneous  Diviuon. 

References  to  §  1. 

(a.)  An,  de  Ch.  vol.  Ixxviii.  (6.)  Margraaf,  Opine. 
vol.  i.  and  Faraday,  R,  L  Jour.  vol.  viii. ;  Liewis,  Cms. 
PhU.  Techn, ;  Proust,  Nich.  Jottr.  vol.  xv. ;  Thomson, 
An.  Phil.  vol.  iv. ;  Faraday,  Quarterly  Jour.  vol.  iv. ; 
Proust,  Jour,  de  Pkys.  vol.  xUx. ;  Rose,  €kiii.  Jimr, 
vol.  vi. ;  Marcet,  Nich.  Jour.  vol.  xx.;  J.  Davy,  PML 
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ty-    budion;    Brw^natelli,  An>   de  Ck*  vol.   xxm ;    Gay 
'  LtyssaCf  An,  de  Ch,  voL  Ixxviii. ;  Vauquelin,  An,  de 
Ch,  ToL  Ixxxix. 

Sect,  II. — Palladmm. 

(917.)  A.  P^Iladrnm  was  obtained  by  Dr.  Wollaston 
in  1803,  from  crude  platiimm^  with  which  it  exists  as  a 
native  alloy,  £ind  also  in  separate  grains,  having  a  radiated 
Sirticture. 

(9 IB.)  B.  The  most  simple  process  for  olitaining'  it 
Is  by  the  addition  of  prussiute  of  mercury  to  a  solution 
of  crude  platinum,  one  thousand  parts  of  crude  platinum 
contaiTiiii>g:  seven  of  Palladium;  a  flocculenl,  yellowish- 
white  precipitate  of  prussiate  of  Palladium  is  formed, 
whidi  is  easily  reduced  by  heat  to  the  metallic  slate. 

(9  Id,)  C.  This  Metal  is  neurly  white,  and  has  much 
the  appearance  of  platinum.  It  is  harder  than  wrouj^ht 
IroiK  Its  Specific  Gravity  has  beeu  slated  from  IL3  to 
about  )2J4.  It  is  miilleable^  and  not  very  elastic.  By 
exposure  to  heat  und  air,  it  undergoes  no  change.  Its 
fusing  point  is  somewhat  below  ihatof  plutiniim.  When 
strongly  lieated,  its  surface  receives  a  blue  tarnis*h  by 
which  it  may  be  distinguished  from  platinum. 

(920,)  D.  The  only  known  uxide  was  formed  by 
Bcrzelins,  who  heated  the  filings  of  the  Metal  with 
potash   and  a  httle  nitre.     Its   colour  was    chestnut- 


brown. 
(921.)  E. 

examined. 
(92:>.)  R 
(923.)  H. 


The  chloride  of  this  Metal  has  not  been 


i 


G.  Unknown. 

Sulphur  unites  with  Palladium. 

(924.)  L  Palladium  has  been  alloyed  with  several 
other  Metals. 

(925.)  K.  Sulphuric  Acid  does  not  act  freely  on  this 
Metal ;  hut  when  boiled  upon  it,  some  little  is  taken  up, 
and  a  blue  solution  formed.  Nitric  Acid  has  rather 
more  power,  and  forms  a  beautiful,  red  solution,  Hy- 
drochloric Acid,  by  aid  of  a  boiling  heat,  produces  a 
fine  red  solution.  Bui  nitro-muriatic  Acid  is  the  proper 
solvent  of  Palladium. 

This  Metal  unites  also  with  potassa  and  soda  by 
fusion.  Ammonia  seems  also  capable  of  dissolving  a 
sraall  portion  of  the  Metal, 

(926.)  L.  Solutions  ofPalladiuni  have  usually  a  red 
colour.  Ferro-hydrocyanate  of  potassa  gives  an  olive- 
coloured  precipitate.  Hydrosulphuret  of  potassa  a 
dark-brown  one.  The  alkalis  an  orange  precipitate. 
By  mercury  and  sulphate  of  iron,  the  Metal  is  precipi- 
tated in  the  metallic  state.  Hydrochlorate  of  tin  changes 
a  very  dilute  sohition  to  a  fine  emerald-green  colour, 
but  in  a  concentrated  solution  produces  a  brown  preci* 
pitate.  Hydrochlorate  of  ammonia  produces  no  preci* 
pilation  ;  tlms  distijiguisliing:  Palladium  from  platinum. 

(927.)  M.  The  scarcity  of  Falladiuni  has  prevented 
Its  general  application  to  any  purpose  in  t!ie  Arts; 
except  that  Mr.  Troughton  graduated  the  celebrated 
tnura!  circle  at  Greenwich  upon  an  alloy  of  gold  and 
Palladium,  furnished  by  Dr.  Wollaston,  but  he  does  not 
consider  that  gold  alone  would  be  inferior. 

References  to  §  2. 
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Sect.  lU. — RhodiunL 

(928.)  A.  Rhodium  was  discovered  in  I80a,  by 
Dr.  Wollaston,  with  palladium  in  crude  philinum,  which 
contains  about  four  parts  in  one  thousand  of  this 
Metal. 

(929.)  B.  Dr.  Wollaston 's  process  for  obtaining  it  is 
this.  Expel  the  mercury  from  crude  platinum  by  a  r^ 
heat ;  digest  upon  the  Metal  a  small  quantity  of  nitro- 
muriatic  Acid  to  remove  the  gold.  Dissolve  in  dilute 
nitro-muriatic  Acid,  digesting  it  in  a  sand  heat  in  such 
a  manner  that  a  portion  may  remain  uiidissulved,  and 
the  Acid  be  perfectly  saturated.  The  greater  part  of  the 
platinum  maybe  precipitated  by  a  hot  solution  of  hydro* 
chlorate  of  ammonia.  By  immersion  of  a  plate  of  zinc 
the  iron  remains  in  solution,  and  a  black  powder  falls, 
containing  platinijm,  palladium.  Rhodium,  copper,  and 
lead.  The  last  two  Metals  may  be  removed  by  dilute 
nitric  Acid.  After  a^ain  forming  a  solution  by  nilro- 
muriatic  Acid,  a  small  quantity  of  hydrochlorate  of  soda 
is  addedt  and  the  whole  evaporated  to  dryness ;  alcohol 
then  removes  every  thing,  leaving  the  hydrochlorate  of 
Rhodium  undissolved.  By  solution  in  water,  and  again 
immersing  a  plate  of  zinc,  a  black  powder  is  precipi* 
ta!ed,  which,  after  beating  with  borax,  assumes  the 
metallic  appearance,  but  does  not  enter  into  fusion. 

(930.)  C,  Iridium  excepted,  this  is  the  most  infu- 
sible of  Metals.  Dr.  Wollaston  was  unable  to  oblam 
from  the  grains  a  compact,  metallic  button,  but  Dr. 
Clarke  produced,  by  the  heat  of  the  Gas-blowpipe,  a 
small  and  malleable  bead  of  this  very  refractory  sub- 
stance* Its  colon  I"  is  white,  and  in  hardness  it  rather 
exceeds  iron.  Its  Specific  Gravity  is  11.  or  perhaps 
rather  less. 

(931.)  D.  According  to  Berzelius,  there  are  three 
oxides  of  this  Metal  :  a  black  one  formed  by  exposing 
the  Metal  to  heat  with  access  of  air ;  another,  formed 
by  heating  pow^dered  Rhodium  with  potassa  and  a  little 
nitre,  is  of  a  brown  colour  ;  and  a  third,  which  is  ob- 
tained by  precipitation  from  the  so  da- muriate  by 
potash,  exists  in  the  state  of  a  hydrate.  By  heat,  the 
water  and  a  part  of  the  oxygen  is  driven  off,  and  ati 
inferior  oxide  remains. 

(932.)  E.  Of  the  action  of  chlorine  we  know  nothing ; 
but  as  a  Salt  may  be  formed  by  the  hydrochloric  Acid, 
it  is  probable  that  a  chloride  may  exist. 

(933.)  F.  G    Unascertained. 

(934.)  H.  With  sulphur.  Rhodium  very  reaffily 
unites,  but  with  other  substances  of  this  class  its  prq* 
perties  are  unknown, 

(935.)  I.  Dr.  Wollaston  found  that  this  Metal  com- 
bined with  all  Metals  that  he  tried  except  mercury. 

(936,)  K.  Rhodium  resists  the  action  of  all  Acids ; 
but  Dr.  Wollaston  found  the  higliest  oxide  soluble  in 
all  the  Acids  that  he  tried.  He  describes  a  nitrate  and 
a  sulphate,  obtained  by  an  indirect  process. 

Oxide  of  Rliodium  readily  forms  double  Salts  willi 
hydrochloric  Acid  and  alkalis ;  which  Salts  are  insoluble 
in  alcohol. 

(937.)  L,  Solutions  and  Salts  of  Rhodium  have  a 
beautiful  red  colour,  and  from  this  property  the  Metal 
derives  its  name  (/Jo<?f  icv,  rosy.)  No  precipitate  is  pro- 
duced by  prussiate  of  potassa,  nor  by  the  hydrosulphates. 
The  alkaline  carbonates  give  no  precipitate,  but  the 
pure  alkalis  give  a  yellow  one  soluble  i,0  excess  of  the 
alkali. 

(938.)  M,  In  the  Arts,  Rhodium  would  probably, 
^  6c2 
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■M^.  froni  its  hardness*  prove  emlrt^tilly  useful,  if  it  were 
more  plenliful.  Messrs.  Slodart  and  Faraday  speak 
highly  of  its  properties,  in  their  experiments  on  oietallic 
alloys.  • 

References  to  §  3. 

Wolkston,  PhiL  Trans.  1S04;  Descotils,  Jovr.de 
Ph,  vol.  Ui. ;  Berzelius,  An.  PhiL  Vf4,  iii, ;  Vauquelin, 
An,  de  Ch.  vol.  kxxviii. 

Sect.  l\.— Platinum. 

(939.)  A.  Platinum  is  first  known  lo  have  been  seen 
by  Mr.  Wood,  assay-master  in  Jamaica,  in  174 1,  From 
him.  Dr.  Brownrif:^;^  received  a  specimen  which  was 
presented  to  the  Royal  Society  in  1750.  In  1748  it 
wss  seen  by  Ulloa,  a  Spanish  Mathematician,  who  ac- 
companied the  French  Academicians,  in  1735,  to  Pern, 
for  the  purpose  of  measuring:  a  degree  of  the  meridian. 
Experiments  on  it  were  imblishcd  by  Wood,  in  1750, 
"  (a.)  and  by  Lewis,  in  1754,  (6.)  Other  dissertations 
on  it  may  be  found  from  the  referonces  to  this  section- 
(e.)  The  first  Platinum  known  was  from  Choco  and 
Santa  Ft',  in  South  America,  Vanqwelin  detected  it 
among  some  silver-ores  from  Eslraraudura;  it  has 
subsequently  been  brougfht  from  St,  Domingo,  and  from 
the  gold-mines  of  Brazil  Still  more  recently  it  has 
been  tbund  in  tlic  Province  of  Antioiinia,  in  North 
America ;  and  abundantly  in  the  Ural  mountains,  {d.) 
Its  name  is  derived  from  the  Spanish  as  r  diminutive 
firom  plaia,  silver ;  hence  fiatina,  and  its  Latin  Plati^ 
num. 

This  substance  is  ibund  in  the  metallic  state  either 
nearly  pore,  or  alloyed  v/it!i  iron,  copper,  lead,  gold, 
silver,  palladium,  rhodium,  iridium,  and  osmium. 

(940, )  B.  The  grains  of  crude  Platinnm  are  to  be 
dissolved  in  concentrated  nitro-muriatic  Acid,  with  as 
little  heat  as  possible.  Dccuttt  off  the  solution  from 
a  black  precipitate  which  remains.  A  solution  of  sal 
ammoniac  dropped  into  the  Bolution,  throws  down  a 
yellow  precipitate ;  winch  is  to  be  washed,  dried,  and 
gradually  raised  to  a  red  beat  in  a  porcelain-crucible* 
Pure  Platinnm  remains  in  a  pulverulent  state,  and  may, 
by  heat  and  mechanical  compression,  be  reduced  to  an 
ingot,  id.} 

(941.)  C.  Pure  Platinum  is  less  white  than  silver;  and 
has  inferior  lustre.  It  is  the  heaviest  Metal  known, 
having  a  Specific  Gravity  —  21.  or  22.  It  is  soft,  mal- 
leable, ductile,  and  of  very  difficult  fnsihility;  and  a 
comparatively  slow  conductor  of  heat.  Has  the  pro- 
perty of  welding, 

(942.)  D.  Platinum  is  not  oxidized  by  exposure  to 
beat  and  air.  Its  oxides  are  obtained  by  precipitation 
from  saline  solutions.  Three  oxides  are  described  by 
Chemists,  but  the  first  is  not  quite  well  ascertained. 

(943.)  E,  Nilro- muriatic  Acid  is  the  best  solvent  of 
Platinum;  but  it  is  also  acted  upon  by  pure  Chlorine. 
The  point  is  not  fully  ascertained,  hut  it  seems  probable 
Ibat  there  are  three  chlorides  of  Platinum; 

(944.)  F.  Unknown, 

(945.)  G.  Unexamined. 

(946.)  IL  Sulphuret  of  Platinum  has  been  formed, 
but  it  seems  to  be  a  compound  not  possessed  of  great 
fitabllity.  (e.)  Tlie  phosphnret  is  a  bluish-grey  powder 
not  fusible,     Tlie  seleniuret  is  described  by  Berzelius, 

(i947.)  1,  Oa  the  whole.  Platinum  may  be  considered 


as  well  disposed  to  form  alloys  witb  the  other  Met&k; 
and,  in  some  instances»  the  combination  is  efiected  with 
great  violence. 

(943.)  K.  Platinum  is  not  acted  upon   by  any  A( 
except  the  nitro-muriatic ;  but  its  oxides  form  nui 
rous  Salts  with  other  Acids  by  indirect  processes. 
alkalis,  also,  aided  by  heat,  have  some  action  upoa 
lie  nee  a  caution  arises  with  regard  to  the  use  of  FJa- 
tinum-crncibles  in  analysis. 

(949.)  L.  Solutions  of  the  Salts  of  Platinum  buve  i 
yellowish  or  reddish- brown  colour.  They  are  not  pfteo- 
pitatcd  by  infusiou  of  galls,  or  by  prussialc  of  pnutti 
Pure  ammonia,  or  polassa,  tlirow  down  small  ortn^ 
coloured  crystals,  llydrosulphuric  Acid  throws  doio 
a  black,  pulverulent  precipitate. 

(950.)  M.  The  very  difficult  fusibility  of  PUtii 
renders  it  a  valuable  Metal,  in  forming  apptiratus 
many  purposes  of  Chemical  research.  Being  h«] 
and  less  fusible  than  gold,  it  is  now  used  for  the  loi 
hdles  of  gims ;  perhaps,  also,  it  unites  belter  with 
iron  of  the  barrel. 
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ei  de  Ph,  vol  V*  p.  263. 

St^cL  Y.—Gold. 

(951.)    A,    This  beautiful   and  valuable  Melal 
been   known  from   the   earliest  times ;    a  drcums^ 
easily   explained    when  we   remember  that  it 
occurs  in  the  native  metallic  state.     From  one  i 
ore  only  is  it  obtained  in  any  considerable  quanti 
in  which  it  is  combined  with  tellurium.      Native  f 
is  found  principally  in  filaments  traversing  primit 
rocks,  in  t!ie  beds  of  rivers,  in  grains  washed  out  f 
similar  mountains,  or  in  alluvial  soils, 

(952.)  B,  When  the  grains  of  Metal  are  suffidcotff 
large  to  be  visible,  they  are  picked  out  and  purified  by 
fusion  and  cnpellation.     But  when  the  grains  are  ftfj 
minute,  and  niiiigled  with  sand,  or   it   is   neeesswjt 
pulverize  the  rocky  matrix  containing  the  Metal,  ikj 
usual  to  complete  the  process  by  amalg^amation.    11 
sand,  or  powder,  is  first  washed  with  water  in  sudlj 
way  as  to  allow  the  Ijeavier  particles  of  Gold  to  i 
in  the  vessel,  this  auriferous  sand  is  then  agitated  «JJ 
mercury,  by  which  the  Gold  is  taken  np  and  the  silio<l 
matter  remains.     The  mercury  is  then  distilled  ofTvrm 
the  Gold,  and  subsequent  cupellation  is  employed  f 
remove  any   impurity  arising  from  the  baser  Mr 
Should  silver  also  be  present,  the  assayers  operaliool 
parting  is  resorted  to  to  obtain  absolute  purity. 

(953.)  C,  Various  shades  of  yellow  describe  (k 
colour  of  Gold  ;  and  it  is  singular  that,  without affifidiBl 
any  of  its  other  properties,  if  a  small  quantity  oflwi* 
be  added  to  Gold  in  i^sion,  the  colour  becomes  fffj 
pale,  whilst  nitre  has  the  contrary  property  of  rendcfi«§ 
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jr,.  U  very  big:h-co1oured*  ft  is  capable  of  a  hi|jf!i  polish 
^^  from  the  burnisher.  Its  Specific  Gravity  is  about  19»3, 
bcm*:?  hip:her  ihaii  any  other  Metal ^  plalina  excepted. 
It  is  the  most  ductile  and  malleable  of  metals,  **  It 
may  be  beaten  out  into  leaves  so  tbin^  that  one  grain  of 
Gold  will  cover  56 J  square  inches*  These  leaves  are 
only  1-28-2000  of  an  inch  thick,  Btit  the  Gold  leaf 
with  which  silver  wire  is  covered,  has  only  1-12  of 
that  thickness.  An  ounce  of  Gold  upon  silver  wire  is 
capable  of  beinpj  extended  more  than   1300  miles  in 

Ilenrrth/'  (Thomson.) 
Great  as  is  (he  density  of  Gold,  if  one  of  these  leaves 
be  carefully  spread  between  two  plates  of  glass,  it  will 
be  found  to  tnnismit  the  ^reen  rays  of  lii^bt;  and  it  is 
Bingulur  that  the  same  colour  ia  developed  on  the  sur- 
Ikce  of  a  mass  of  Gold  in  a  state  of  fusion. 
L         In  tenacily.  Gold  is  inferior  to  iron,  copper,  platinum, 
I    and  silver.     Its  fusing  point  may  roughly  be   stated  at 
ISOO"^  Fahrenheit.     In  all  furnace  heals  it  may  be  con- 
aide  red  as  absolutely  hxed;  but  by  the  heat  of  Tschirn- 
hau*s  lens,  the  discharnre  of  an  Electrical  battery,  or  the 
Gas  blowpipe,  it  may  be  volatilized.     The  fumes  raised 
by  the  first  of  these  processes  w  ere  seen  by  Macquer  to 
I      gild  a  plate  of  silver  placed  ^w^  or  six  inches  above  it, 
B        (954.)  C.  Exposed  to  atmospheric  air»  to  oxygen, 
W  or  to  water,  Gold  undergoes  no  alteration,  but  aided  by 
the  heat  of  a  powerful  lens,  or  by  an  Electric  discharge, 

Jits  oxide  may  be  formed  though  in  very  minute  quan- 
tities. By  the  heat  of  the  Voltaic  pile,  or  the  Gas-blow- 
pipe, leaves  or  Bmall  wires  of  Gold  undergo  rapid  com- 
bustion, and  an  oxide  is  produced.  It  ja  the  general 
Opinion  of  Chemists  that  there  are  at  least  two  oxides 
of  Gold,     If  a  solution  of  Gold  in  nitro-muriatic  Acid 

»be  evaporated  jnsl  to  dryness,  and  redissolved  in  water, 
and  to  ibis  neutral  soiution  caustic  potash  be  added, 
and  the  whole  exposed  to  heat,  an  abundant  precipi- 
tate is  produced.  This  is  to  be  carefully  washed  with 
water,  and  dried,  but  without  artificKil  heat.  Thus  is 
formed  a  reddish-brown  powder,  the  triloxide  of  Gold  ; 
which  by  a  very  moderate  heat  again  parts  with  its 
oxygen,  and  returns  to  the  metallic  state. 

I  If  instead  of  evaporating  only  to  dryness  the  trit- 
hydrochlorate  formed  in  the  above  experiment,  the  heat 
is  continued  as  long  as  any  Acid  Gas  is  evolved^  a 
Straw-coloured  mass  remains  insoluble  in  cold  water, 
which  is  a  prot-hydrochlorate  of  Gold;  and  from 
this  a  green -coloured  protoxide  may  be  separated  by 
digestion  in  caustic  potassa.  This  combination  does  not, 
however,  possess  great  permanency,  for  one- third  of  it 
passes  to  the  state  of  tritoxide  at  the  expense  of  the 
Oiher  two-thirds,  which  return  to  the  metallic  state. 
Clearly,  then,  the  tritoxide  contains  thrice  as  much  oxy- 
gen as  I  he  protoxide,  and  Berzelius  has  strong  ground 
for  his  suspicion  that  an  intermediate  oxide  exists. 

»(955.)  K.  When  Gold  in  a  j^tale  of  minute  division 
i*  healed  in  chlorine,  a  yellow  chloride  is  formed,  which 
by  the  addilion  of  water  passes  into  a  hydrochlorale,  as 

,     Ib  usual  in  such  cases. 

■       (956.)  F.   Unknown. 

V  (9^7.)  G,  liydriodate  of  potash  produces  in  a  solu- 
tion of  muriate  of  Gold,  a  brownish  yeilow  precipitate, 

^  insoluble  in  cold  water,  and  decomposnble  by  heat. 

B        (9b8.)  H,   Gold  does  not  unite  with  axote»  hydro- 

r  P^"*  carbon,  boron,  or  silicon.  Pelletier  formed  the 
phosphuret  by  dropping  small    pieces   of  phosphorus 

I  into  Gold  in  fusion,  and  Obefkampf  by   prt'cipitating 


phurettcd  hydrogen  Gas.  Its  afTuuty  for  sulphur  is 
very  slight,  but  when  an  alkaline  hydrosnlphuret  is 
dropped  into  a  solution  of  Gold,  the  black  metallic  sui- 
phuret  is  precipitated. 

(959.)  L  As  far  as  hitherto  known.  Gold  appears  to 
unite  with  every  Metal,  undergoing  such  change  of 
properties^  as  to  present  a  wide  field  uf  research. 
Most  ably  and  laboriously  has  this  inquiry  been  pro- 
secuted by  Mr.  Hatchett.  (6.)  All  Metals,  except  siU 
ver,  copper,  and  platinum,  seem  materially  to  injure  \\% 
ductility  and  colour*  Lead,  bismuth,  and  antimonyj  in 
very  small  proportions,  render  it  brittle. 

(960.)  K.  Solution  of  chlorine  and  the  nitro-rauriatic 
Acid  are  the  only  decided  solvents  of  Gold;  two  parts 
of  muriatic  to  one  of  nitric  Acid  form  the  usual  propot 
tions,  but  three  of  the  former  to  one  of  the  latter  is  coa  * 
fiidered  still  more  effective. 

Concentrated  nitric  Acid  dissolves  the  oxide,  and 
thus  a  pernitrale  is  obtained ;  but  the  combination  is  so 
slight,  that  either  heat  or  dilution  again  throws  down 
the  metallic  oxide. 

In  a  similar  manner  the  tntosulphate  is  obtained. 
The  hydrochlorate  has  been  before  described.  Further 
researches  on  the  Salts  of  Gold  are  wanted. 

Pelletier  states  that  oxide  of  Gold  is  soluble  in  hy- 
drate of  potassa;  and  in  this  combination  he  considers 
that  it  acts  the  part  of  an  Acid.  It  would  also  appear 
that  in  the  process  given  above  for  obtaining  the  trit- 
oxide of  Gold,  a  portion  of  (he  Metal  remains  in  solit* 
tion  in  the  state  of  a  double  hydrochlorate  of  potassa 
and  Gold  of  high  s<dubihty. 

(96 L)  if  to  a  solution  of  hydrochlorale  of  GoM 
diluted  with  thrice  its  weight  of  water,  ammonia  be 
added  so  long  as  there  is  any  precipitate,  but  without 
adding  excess,  the  reddish- yellow  precipitate,  when 
washed  ifi  ^vater  and  dried  by  exposure  to  air,  is  Ful- 
minating Gold,  a  preparation  long  known  to  Chemists. 
By  the  slightest  heat,  by  percussion,  or  by  friction,  it 
explodes  with  virjience.  The  temperature  necessary  to 
produce  this  elFcct  has  been  estimated  by  Bergman 
between  1 20*^  aud  SOO"^.  The  powder  appears  to  be  a 
true  ammoniuret  of  Gold;  and  on  its  detonalioOj 
according  to  Bergman,  the  following  changes  take  place. 
The  oxygen  of  the  oxide  attracts  the  hydrogen  of  the 
ammonia,  and  watery  vapour  is  produced  ;  the  nitrogen 
also  is  liberated ;  and  to  the  elasticity  of  these  two 
Gaseous  bodies,  increased  by  the  temperature,  the 
violent  effects  are  attributable.  See  FuiMtNATiNO 
PownEtts  in  our  Miscellaneoua  Divhion^ 

(962,)  U  In  the  solutions  of  the  Salts  of  Gold, 
prussiate  of  potassa  produces  a  yello  a  ish-w  bite  precipi- 
tate. Infusion  of  galls  gives  to  the  solution  a  greenish 
hue»  and  precipitates  the  Gold  in  tlte  metallic  state. 
Hydrochlorate  of  tin,  or  a  plate  of  metallic  tin,  produces 
a  purple  precipitate.  Prolo-sulj>hate  of  iron  throws 
down  metallic  Gold,  and  from  the  powder  thus  pro- 
duced, the  most  pure  metallic  Gold  may  be  obtained. 
The  rationale  of  this  precipitation  is  sim^de  and  beau- 
tiful ;  the  protoxide  of  iron  has  a  strong  affinity  for  more 
oxygen,  and  the  Gold  having  only  a  very  weak  oue, 
the  former  is  oxidated  at  the  expense  of  tlie  latter,  which 
being  no  longer  soluble,  falls  down  in  the  metallic  state. 
Copper,  iron,  and  zinc  also  precipitate  Gold  in  the 
metallic  stale,  and  s;;veral  other  Metals  in  the  stale  of  a 
purple  oxide. 

(963.)  M.  Perhaps  the  most  important  among  the 
uses  of  Gold  is  that  of  coina^je:  its  great  ductility  tits  it 
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Cbemtstry-  for  receivtng^**a  sharp  and  Waiitifiil  impression  from  llic 
Jie,  wliile  its  scarcity  pves  toil  a  convenient  value  with 
reference  to  the  other  Meta!s  of  coinage.  Pnre  Gold  is 
not  so  well  adapted  to  this  purpose  as  those  alloys  which 
possess  sutBcient  hardness  to  resist  the  wear  to  whit^h 
all  ciMn  is  subject.  The  standard  or  sterling  Gold 
of  EngUind  consists  of  twenty-two  parts  (carats)  of 
pure  Gold  to  two  parts  of  alloy.  Tlie  alloy  consists 
of  silver  or  cftpper,  or  both,  according^  to  the  colour 
which  is  ret|«ired;  the  latter  Metal  having- a  great  tend- 
ency to  heii^hten  the  colour  of  GokL  It  would  appear 
from  Mr,  Halchett's  experimeuts  that  the  alloy  used  in 
onr  Gold  coinag:e  is  the  best  possible  for  the  purpose, 
as  it  resisted  ordinary  friction  better  than  any  other 
tried.  The  stamped  Gold  for  watch-cases,  &q,  is  of 
eighteen  carats,  for  it  contains  one-fourth  alloy  ;  but 
compounds  exist  under  the  name  of  Jew^Uei^s  G^(df  of 
«wry  possible  degree  of  deterioration. 

One  species  of  g-ilding'  upon  Metal  is  performed  by 
tinilin^  Gold  to  the  Metal  at  a  gentle  hcttt»  and  by  the 
friction  and  pressure  of  the  burnisher,  but  tethereal 
gildifi^^  as  it  is  called,  is  performed  upon  steel,  by  mix- 
ing a  satu rated  solution  of  muriate  of  Gold  with  three 
times  its  weight  of  sulphuric  cether;  »t her  dissolves  the 
oxide  of  Gold,  and  the  Acid,  or  a  ft-reat  part  of  it,  sub- 
sides. If|>ohshed  steel  be  then  dipped  in  the  sethereal 
solution,  and  immediately  immersed  in  water,  it  is  found 
to  have  received  a  delicate  coaling  of  metallic  Gobi  on 
its  surface.  (Stodart,)  For  colourings  ^iass  and  porcelain, 
the  beautiful,  pnrple  precipitate  produced  by  adding 
protomuriate  of  tin  to  a  solution  of  Gold,  has  long- been 
known  under  the  name  ot  the  P7irp!c  powdvr  of  Cassius, 
the  real  nature  of  which  still  remains  rather  uncertain 
amon^  Chemists. 

Greatly  as  the  Alchemists  boasted  of  its  vlriues.  Gold 
had  fallen  entirely  into  disuse  as  a  medicine,  until  very 
lately ;  but  it  now  seems  to  be  likely  again  lo  have  a 
place  in  the  Materia  Medica. 
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(a.y  Lewis,  Commercium,  PhiL  Techn.  foL  1753  f 
Proust,  Jour,  dc  Phys.  vol.  Ixii*  or  Nich.  Joui.  vol,  xiv, ; 
Vauquelin,  Ail  dc  €h.  vol,  Ixxvii.  ;  Oberkampf,  An.  de 
Ch,  vol.  Ixxx. ;  Berzelius,  An,  de  Ch,  vub  Ixxxiii,; 
patchet,  PhiLTrans.  1803;  IJellot,  Mhn.  Acad,  Par. 
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Sect  VI- — Indium, 

(964.)  A.  Iridium  received  its  name  from  its  disco- 
verer.  Professor  Ten n ant,  on  account  of  the  varying 
colours  of  its  solutions.  Together  with  osmium,  itfonus 
the  black  powder,  remaining  after  the  digestion  and 
solution  of  crude  platinum  in  nitro-muriatic  Acid,  Des* 
cotils  made  the  same  discovery,  and  Fourcroy  and 
Vauquelin  published  a  series  of  experiments  on  these 
two  bodies.  Dr.  Wollaston  perceived  that  the  flat, 
foliated,  white  grains  in  crude  platinum  were  in  fact  the 
native  alloy  of  the  two  Metals, 

(965,)  B,  The  black  powder  above  mentioned  is  to 
be  mixed  with  an  equal  weight  of  potash  in  a  silver-cm- 
cible,  and  continued  in  a  red  beat  for  some  lime.  From 


thiSf  water  procures  an  orang^colotirecl  sohitlon.    Tbe  ^ 
remaining',  undissolved   powder  is  to    be   digested  ti  ^ 
hydrochloric  Acid,  and  then  again  subjected  to  the  Wkm     ' 
of  potash  as  before ;  these  aUernate  actions  \mti^  t^ 
peated  till  all  is  dissolved.     Thus  an  orafig«-coi|«)urr4 
alkaline    solution    is  obtained,    holdings    the  oxide  of 
osmium^  combined  with  potash,    and   a  deep^red  ac^ 
solution   of  oxide    of  Iridium.       By  evaporating  l^i 
latter  solution  to  dryness,  and  agtiin  dissolving  in  wskir     j 
and  evaporating,  octahedral  crystals   of  hydroclilonite 
of  Iridium  are  obtained.     From  a  solution  of  tkie^v,  i     ' 
plate  of  any  Metal,  except  gold  and  plalinum,  wtUlliiov 
down  Indinio  as  a  black,  met  at  lie  powder, 

(966,)  C.  This  powder,  alter  the  puri6catton  di 
strong  heat,  is  rather  whiter  than  platiniitn,  bol  <ii 
scarcely  be  said  to  have  lieen  fused,  altbougli  Mr.  CblL 
dren's  powerful  Galvanic  battery  produced  an  iinpakt 
agglutination  of  the  parficles,  and  the  same  bas^iflu 
been  ettected  by  Dr.  Clarke  with  Uie  Gas-blowpipi. 
The  experiments  ofVauqnelin  render  it  probabbllit 
after  a  perfect  fusion,  this  Metal  may  be  slig^htly  duelili; 
its  Specific  Gravity  is  certainly  above  18,6, 

(967,)  D.  The  affinity  of  Iridium  for  oxygen  bo* 
iremely  slight,  hut  it  is  probable  that  it  forms  more  tlMi 
one  oxide.  By  the  addition  of  an  alkali  to  any  acid 
solution  of  tins  Metal,  one  portion  of  the  oxid«  is  p* 
eipitated,  and  another  retained  in  sohitioD.  DcMslk 
procured  also  a  blue,  volaiilizod  oxide  by  expotiBf  tfei 
Meta!  to  a  strong  heat. 

(968.)   E.  F.  G.   Unknown. 

(969.)  II,  Iridium  may  be  indirectly  combiDtd  «Jil 
sulphur.  Its  action  with  phosphorus  and  mIcbm^ 
not  known,  and  with  the  other  substances  of  tbbdM 
its  combination  is  not  very  probable. 

(970.)  I,  Tennant  alloyed  it  witli  lead,  copptf,  ali^k 
and  i»;old,  but  could  form  no  alloy  with  arsenic    Vir 
queiin   combined   it  with  tin;    and  like  rhodtum,  ilip- 
pears  to  increase  the  hardness  of  the  Metals 
it  is  combined, 

(971.)  K.  No  sinf^le  Acid   h  capable   of 
Iridium  ;  even  the  nitro-muriatic  is  with  dilHaitly 
to  take   up  one-lhree-hundreth  of  ks  wtigliC  of  tk 
Metal. 

The  sulphate  and  hydrochlorate  of  this  Milil  fi^i 
^reen  or  blue  solutions  according'  to  their  stale  ol£b> 
tion  ;  the  nitrate,  when  concentrated,  has  a  red  coliA 
Double  8 lilts  of  the  hydrochloric  Acid  with  the  tEbft 
and  oxide  of  Iridium  exist,  and  are  of  a  deep-piii|''i 
colour. 

(072,)  K  From  solutions  of  this   Metal  ahnoii  iS 
Metals  produce  a  preei})itate  of  reduced  Iridtiim,  cnH^ 
to  its  weak  afhnity  for  oxy[^en.      Tincture  of  gaAf  In- 
duces alter  some  time  a  red  precipitate  ;   bat  aeoridliV 
to  Tennant  the  solution  of  the  cryji^talliaed  h 
is  only  rendered  colourless  by  infusion  of  galls. 
siate  of  potassa,  hydrochlorate  of  tin,  ^nd  cnrhaamd 
potassa,    without    any  precipitation     being    prodttd 
IJydrosulphurets  destroy  the  coluur  of  the  sololid^  Itf 
by  aid  of  heat  produce  a  black  precipitate. 

(973.)  M,  None, 
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PART  in. 

Ch£jiistry  of  Oroinized  BoDrB8< 


(974.)  We  haTC  now  arrived  at  a  difTicuU  but  most 
interesting  and  impr»rtant  branch  of  Chemicol  Science. 
There  are  but  two  methods  for  producing-  a  really  use- 
ful review  of  the  state  of  knowledge  on  the  subjects 
to  whicti  ihis  Part  refers.  Tiie  one  to  give  a  delailetl 
and  systematic  account  of  a!l  ihe  researches  which  have 
been  made  on  the  various  Organic  substances ;  and  the 
other  merely  to  recite  their  names,  giving  little  more 
than  a  complete  series  of  references  to  ihe  original 
Memoirs  for  the  benefit  of  those  who  may  wish  to  enter 
these  fertile  fields  of  discovery*  A  middle  course  would 
affer  little  real  utility.  From  the  former  we  arc  prohi- 
biled  by  the  space  which  such  a  Treatise  woiihl  occupy 
in  this  Work  :  and  we  therefore  adopt  the  latter. 

By  Organic  Chemistry  we  are  to  understand  the 
examination  of  the  properties,  the  proximate  and  ulti- 
mate analyses  of  all  substances,  inunediately  seen  in»  or 
ultimately  to  be  traced  to»  the  vegetable  or  animal  king- 
doms ;  products  obtained  from,  or  edticts  existing  in, 
organized  bodies.  Numerous  as  arc  the  substances 
referable  to  this  class  they  are  formed  from  a  very  few 
ultimate  elements;  and  can,  therefore,  differ  only  in  the 
proportions  of  these  elements,  or  in  the  mode  of  their 
combination.  Oxygen,  hydrogen,  carbon*  and  nitro- 
Ipen  are  the  principal  ultimate  elements  so  employed  by 
Nature.  With  these  are  united,  but  in  far  smaller 
qaantilies,  some  earths  and  metals,  with  phosphorys 
and  sulphur.  Organic  snbstances,  therefore,  may  gene- 
rally be  resolved  into  the  same  ultimate  elements ; 
though  for  the  most  part  in  dissimilar  proportions, 
they  readily  undergo  decomposition,  a  red-heat  is 
at  all  times'  sutEcient  for  this  purpose,  and  in  nume- 
lous  cases  the  decomposition  is  rapid  and  spontaneous 
even  at  ordinary  teuipcralures.  By  slight  causes  the 
affinities  and  conslituliiina  of  these  substances  are  over- 
tcmcd,  and  new  products  result ;  but  in  most  cases  it  is 
impossible  to  reproduce  the  original  substance  by  a 
direct  union  of  its  constituent  ultimate  eleuient^t 

The  proximate  analysis  of  an  Organic  substance  se- 
parates it  into  its  proximate  elements;  that  is,  into 
various  substances,  acid,  alkaline,  or  otherwise,  each  of 
'which,  though  itself  a  compound  body,  possesses  distinct 
properties,  and  a  definite  constitution  of  two  or  more 
ultimate  elements^  By  the  ultimate  analysis  each  of 
these  proximate  elements  is  resolved  into  its  ultimate 
elcmetttary  constituents,  h\  for  instance,  a  lew  leaves 
of  wood -sorrel  were  at  once  submitted  to  ultimate  ana- 
lysis, wc  should  obtain  carbon,  oxygen,  hydrogen^ 
potash,  and  one  or  two  other  substances  of  minor  im- 
portance, and  should  learn  but  little  of  the  constitution 
of  the  plant  or  its  juices  :  but  if  we  proceed  more  sys* 
tematicalty»  we  shall  obtain  in  the  proiimatc  ekments 
«n  Acid  called  the  oxalic;  an  alkali,  polassa,  and  a 
small  quantity  of  residuary  matter*  prodncing  the  colour 
and  substance  of  a  plant ;  and  we  leani,  tliat  a  true 
Chemical  Salt,  formed  by  the  Acid  and  the  alkali,  consti- 
iBle  tile  peculiarities  of  the  juices  of  the  plant.  We  then 
oni^  proceed  to  the  tiltimate  ai^alysis  of  both  tlie  potassa 
and  the  oxalic  Acid,  reftolving  the  former  into  oiygen 


and  a  metal;  (he  latter  into  oxygen,  hydrogen,  and 
carbon. 

The  lirst  efforts  at  Organic  analysis  consisted  simply 
of  destrui'live  distillation,  by  which  the  substance  might, 
indeed,  be  resolved  into  its  Gaseous  elements.  Those, 
however,  form  new  combinations  among  themselves, 
and  (his  metl)od  is  therefore  very  properly  abandoned, 
except  fiir  special  purposes. 

MM.  Gay  Lussac  and  Thenard  proposed  the  applica- 
tion of  some  substance  which  should  readily  afford 
oxygen  when  heated  with  Ihe  substance  to  be  analyzed. 
For  this  purpose  they  first  employed  cldorate  of  potassa, 
and  subsequently  the  black  oxide  of  copper.  This  oxide 
will,  if  alone,  bear  a  white-heat  without  parting  with 
its  oxygen  ;  though  it  readily  does  so  at  a  much  lower 
temperature  if  any  combustible  be  present.  Hence*  if 
three  or  four  grains  of  any  Organic  substance  contain- 
ing hydrogen  and  carbon  be  mixed  with  the  oxide  of 
copper  in  u  green  glass  or  metal  tube,  and  then  ex- 
posed to  heat,  so  disposed  as  to  collect  the  gaseous 
products  over  mercury,  carbonic  Acid  Cias  and  water 
will  be  obtained.  The  former  indicates  the  quantity  of 
carbon,  the  latter  the  quantity  of  hydrogen.  The  losB 
of  weight  sustained  by  the  oxide  should  in  this  case 
agree  with  ihe  oxygen  employed  in  producing  the  water 
and  the  carbonic  Acid.  But  if  oxygen  also  had  beeu 
present  in  the  substance  analyzed,  this  would  be  indi- 
cated by  a  proportion  of  oxygenized  products  greater 
than  that  due  to  the  mere  loss  on  the  oxide  of  copper. 
If  nitrogen  forms  a  constituent  of  the  substance  ana- 
lyzed, it  wdl  pass  over  in  the  Gaseous  state,  and  maybe 
separated  from  tlie  carbonic  Acid  by  removing  the  lat- 
ter by  potassa.  Such  is  the  outline  of  this  process,  but 
for  ttie  numerous  minutiae  to  be  observed*  consult  the 
references,  (c.)  Very  recently.  Dr.  Prout  has  devised 
a  most  elegant  apparatus  and  method,  which  may  be 
seen  in  the  Philosophical  TransacUom,  (b,}  The  pre- 
sence of  water  in  the  substance  to  be  examined  is  to  be 
most  carefnlly  avoided;  and  this  is  best  elfecled  by 
drying  it  in  an  exhausted  receiver,  at  some  moderate 
elevation  of  temperature,  and  in  presence  of  some 
highly  absorbent  substance,  such  as  sulphuric  Acid.  A 
convenient  apparatus  fur  this  purpose  has  been  devised 
by  Dr.  Front,  (c.)  Wc  owe  also  to  Mr.  Cooper  (d.) 
and  to  Dr.  Ure  some  useful  suggestions  and  apparatus 
in  this  branch  of  analysis. 

It  has  been  found  that  some  proximate  elementa, 
having  very  distinctive  Chemical  properties,  present  oa 
ultimate  analysis  the  very  same  elements,  and  in  the 
same  proportions-  Hence  it  is  inferred  that  such  dif- 
ferences as  constitute  distinct  substances,  moy  arise 
solely  from  different  modes  of  combtnation  existing 
among  the  ultimate  elementary  atoms.  Of  this  opinion 
is  Gay  Lussac,  who  considers  alcohol,  for  instance,  as 
consisting  of  a  compound  of  olefiant  Ga«  with  water> 
whilst  Berzelius,  on  the  other  hand,  considers  it  only  a 
universal  compound  of  atoms  of  hydrogen,  carbon,  and 
oxygen. 
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Chcmf»lry.  CHAPTER  I, 

CBBM19TaY   OF  VEGETABLE   BODICS, 

(975.)  We  shall  now,  fur  (he  most  part,  follow 
M.  Themird  iu  ^iviiij;'  a  very  brief  abstract  of  Vegetable 
Cbemistry.  The  following^  laws  he  considers  to  be 
general,  as  far  as  researches  at  present  extent]* 

L  That  when  a  Vegetable  substance  does  not  con- 
tain nitrogen,  antl  that  when  ibe  quantily  of  its  oxyg-en 
is  to  the  quantity  of  its  hydrogen  in  a  g^reater  ratio  than 
%  i.s  due  to  the  constitution  of  water,  the  substance  is 
acid,  wlmtever  be  t!ie  quantity  of  carbon  entering  into 
lis  composition* 

2.  That  when  these  properties  are  reversed,  the  sub- 
stance tmty  still  be  acid,  but  that  in  general  tt  is  oily, 
resinons,  alcohohcv  or  ethereab 

3.  That  when  the  oxygen  and  hydrog-en  are  in  just 
ratio  for  llie  formation  of  water,  the  substance  is  ana- 
log^ons  to  sug-ar,  gum,  woody  fibre,  &c. 

4»  That  when  any  Vegetable  substance  contains 
much  hydrogen,  it  contains  at  the  same  time  much  car- 
boiit  anil  tlie  converse, 

5.  Tliat  many  Vegetable  substances  may  be  repre- 
sented, as  to  their  composition,  by  a  certain  number  of 
volumes  of  vapour  of  ciirbon,  of  hydrogen  Gas,  and  of 
oxygen  Gas;  or  by  a  certain  number  of  volumes  of 
some  of  those  binary  compounds  which  may  be  pro- 
duced between  hydrogen,  oxygen,  and  carbon, 

6.  Tliat  no  Vegetable  substance  contains  at  the  same 
time  oxygen  enough  to  transform  both  its  hydrogen 
and  carbon  into  walerand  carbonic  Acid. 

Accordant  with  these  views,  M.  Thenard  treats  of 
Vegetable  substances  under  seven  dtflerent  heads,  a 
division  which  we  can  only  in  part  adopt. 

Class  L  Vegetable  proximate  elements  in  which  the 
oxygen  is  in  excess  with  regard  to  the  hydrogen  as 
1o  the  formation  of  water. 

Division  1.  Acids. 

Division  2.  Alkalis. 

Class  IL  Vegetable  proximate  elements  in  which  the 
oxygen  is  in  defect  with  regard  to  hydrogen  as  to 
the  formation  of  water.  Oils,  bitumens,  alcohoJ, 
ethers,  &t.v 

Class  IIL  Vegetable  proximate  elements  in  which  the 
oxygen  and  tiydrogen  are  in  just  proportion  for 
the  formation  of  water.     Sugar,  honey,  gums,  &c. 

Class  IV.     Vegetable  colourmg  principles. 
Class  V,     Vegetable  proximate  elements  not  noticed 
in  any  of  ihe  preceding  Classes. 

(976,)  As  a  general  outline  of  the  properties  of  these 
substances,  it  may  be  well  to  bear  in  mind,  that  all  are 
either  solid  or  liquid  at  all  ordinary  temperatures. 
Many  are  volatile  per  ne,  as  for  example,  alcohol,  ether, 
essential  oils  ;  others  are  readily  vaporized  in  different 
Gases,  such  are  camphor,  benzoic,  and  oxalic  Acid, 
Others  are  fixed  at  all  temperatures  which  do  not  pro- 
duce their  decomposition. 

When  submitted  to  distillation,  the  former  under"-o 
no  constitutional  change,  the  second  sort  are  partly 
Yolalilized  and  partly  decomposed,  and  the  fast  are 
entirely  decomposed.  From  the  decomposition  of  those 
which  do  not  contain  nitrogen,  there  result  waterj  car- 
bonic Acid,  acetic  Acid,  gaseous  oxide  of  rjarbon*  oil. 


carbon,  and  rarburetted  hydrog^en-     But  tliose  whidi 
contain  nitrogen,  afford  in  addition  ammonia,  bydn  ~ 
cyanic  Acid,  and  nitrogen  Gas. 

By  the  aid  of  air  and  moisture  many  of  these  vi% 
stances  undergo  spontaneous  decomposition.    Forma 
complete  details  of  the  action  of  the  other  simple  i 
compound   elements   we   must   refer    to  fte  Wofk 
M.  Thcnard.  (c.) 

(a.)  Gay  Ltissac  and  Thenard,  Rech.  vol.  ii-;  Proot, 
An,  PhiL  vol,  iv.  p.  ^70;  Thenard  on  Ana!.  Childr«*j 
Translation  ;  Prout's  Apparatus^  Henrv*s  Eirmentt^ 
vol,  ii,  p.  182;  Bischotf;  An,  Phil,  N.  S.  volvnii.p, 
308,  {b,}  Prout,  P/iiL  Trans.  1827.  p.  129.  (r.)  Aa. 
PhiL  vol.  iv.  p,  212.  (rf.)  An,  PhiL  N.  S.  vol.  vilp. 
170,     (c.)  Traits,  vol.  iii.  p.  576. 

CLASS  I.    DIVISION  L 
Vegetable  Acids, 

(977.)  With  the  greater  part  of  these  substan^^ 
salifiable  bases  unite  to  form  Salts.  All  redden  Vej 
table  blues,  and  ail  consist  of  oxygen,  hydrogen,  i 
carbon.  M.  Thenard  enumerates  thirty-four  wttich  ht 
been  mentioned  by  Chemists,  but  some  are  now  profd 
to  be  identical  substances. 

Acids  ihai  are  both  natural  and  artijumh 

(978,)  Acetic.  Tliis  Acid  has  been  long  known  ;il 
is  most  abundantly  obtained  by  the  acetous  fermenta* 
tion.  or  by  the  destructive  distillafion  of  VegftaUe 
bodies,  and  it  is  found  among  the  juices  of  some  iibnOb 
The  impure  acetous  Acid,  now  obtained  from  llie  diiiil- 
lation  of  wood,  is  colled  pyroligneous  Acid,  and  by  lub* 
sequent  purification  becomes  a  limpid  vinegar,  ur  i 
much  stronger  Acid  according  to  circumstances,  TW 
strongest  acetic  Acid  is  obtained  by  dislillation  ^fm 
the  acetates,  those  especially  of  potassa  or  cxpppo, 
Thomson  has  shown  that  the  only  correct  estimate  <if 
acetic  Acid  is  to  be  found  in  its  neutralizing  |K)wer,  aiki 
that  the  Specific  Gravity  cannot  be  depended  updn. 
This  Acid  forms  numerous  and  important  Salts, 

See  Mollerat,  An,de  €h,  vol.  Ixviii.  ;    Colin,  An. 
Ch.  et  Ph,  vol  xii.  ;  Darracq,  An,  de  Ch,  vol.  xU. ;  0 
nevix,  An,  de  Ch,  vol,  Ixix. ;  Berzelius,  An.  dtCk 
PL  vol  xxvl ;  Phillip?,  An,  PhiL  N.  S.  vol  i.  ii. 
Berzelius,  An.  PhiL  N.  S,  vol  vtii, 

(979.)  Mafic  Acid  was  discovered  byScheeleinl 
It  exists  in  the  juice  of  the  apple,  and  hence  its 
Also  in  the  juices  of  gooseberries,  currants,  and  oni^^ 
In  the  houseleck,  where  it  iscombiiierl  with  lifnc. 
Donovan  discovered  in  the  juice  of  the  fnnt  of 
Sorbns  ancvparia^  an  Acid  which,  not  ngreeing  * 
the  described  characters  of  the  malic,  he  called  ibc 
biCp  It  seems  now  proved  that  the  Acids  are' the 
but  that  Mr.  Donovan*s  description  was  accurate, 
those  previous  to  bis  not  so,  from  impurities  present 
the  malic  Acids  heretofore  examined.  This  Acid  hrOB 
Salts  which  are  soluble  in  water  and  some  highly  so^ 

See  Donovan,  PhiL  Tranif.  1815 ;  B  raconnoC,  ^a.  if 
Ch.  d  Ph,  vol  vl  viii. 

(980)  Oxalic  Acid.  This  Acid  was  first  recognised 
by  Bergman.  It  is  found  in  the  Oraiis  actiotdk^ 
(wood»Rorrel)  in  the  Rumex  acetosa^  (common  mt** 
rel)  and  in  several  lichens.  It  may  be  formed  abtin* 
dantly  by  the  action  of  nitric  Acid  on  sugar.    Oxalifr 
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Acid  seemft  to  have  iUs  |>eciiViarity  Aat  it  contains  no 
hydrog'en.     It  Is  a  most  rapid  and  faiai  poison. 

See  BerzelUis  An,  de  Ch,  vol  xciv, ;  Duhereincr, 
jin,  de  Ch.  et  Ph.  \oL  xix. ;  Gay  Lnssac  and  Thenard, 
Rech. ;  Thomson,  First  Principies,  vol.  il ;  Wollaston, 
Phil,  Trans,  1818. 

Acids  produced  by  Nature  only, 

(961.)  Benzoic  Acid,  A  sobstance  found  in  some 
balsams ;  in  vanilla,  castor,  in  some  plants,  and  in  the 
tjrifie  of  some  herbivorous  animals.  It  is  obtained  in 
white,  crystalline  filaments  by  subhmalion^  A  few  SaUs 
formed  by  this  Acid  have  been  described. 

See  Fonrcroy,  Aji,  de  Ch,  vob  Ixix. ;  Berzetiu.s,  An*  de 
€h.  vol.  xciv. 

(982.)  Citric  Acid.  Scheele  first  submitted  the  Juice 
of  the  lemon  to  Chemical  examination  and  proved  it  to 
contain  a  distinct  Acid,  It  exists  also  in  small  propor- 
tion in  some  other  fruits.     This  Acid  crystallizes  readily. 

Consult  Fourcroy,  Sydeme ;  Gay  Lnssac  and  The- 
nar d,  Rccherches ;  Berzelins,  An,  deCh.  vol,  xciv, 

(SJS3.)  Fungic  Acid,  M.  Braconnot  has  thus  named 
an  Acid  found  by  him  in  the  juiee  of  some  of  the 
Frnigi. 

See  An.  de  Ch,  vol.  Ixxxvii.  p.  237.  253- 

(984.)  Gailiv  Acid,  This  Acid  was  examined  and 
described  by  Scheele  in  1786.  It  is  found  in  some 
astringent  barks  and  in  the  ^all-nut. 

See  Sclieele,  Essays;  Braconnot,  An,  de  Ch*  et  Ph, 
Tol.  ix, 

(985.)  EUagic  Acid,  Such  is  the  name  formed  by 
reversing' the  word  Gal! e,  and  applied  by  M.  Braconnot, 
in  IS  18,  to  an  Acid  first  noticed  by  M.  Chevrenl  in 
1815;  and  supposed  to  exist  in  the  gall-nut  together 
witli  the  g^allic.     This  Acid  is  little  known. 

See  An,  de  Ch.  cl  Ph.  vol.  ix.  p.  187. 

(986.)  T^muric  Acid.  This  substance,  so  termed  by 
MM,  Pelletier  and  Caventou,  was  discovered  by  them 
in  examininp^  the  active  principles  of  the  bean  of  St. 
Ig^iatiu:^,  {Nu^  torn  tea.)  M.  Tlienard  has  doubts  of 
tbe  peculiar  nature  of  this  Acid. 

See  Pelletier,  An,de  Ch.  et  Ph,  vol.  %.  p.  167, 

(987.)  Qtfinic  Acid.  This  Acid  is  found  in  the  Quin- 
quina, or  Cinchona  bark,  united  with  other  Vegetable 
elements.  It  has  a  strong,  acid  flavour,  free  from  all 
bitterness;  does  not  easily  crystallize  ;  forms  a  class  of 
Salts  which  have  been  little  studied.  See  Vanquelin^ 
An.  de  Ch,  vol.  lix.  By  English  writers  this  Acid  is 
sometimes  spelt  Kinic. 

(988.)  Laccic  Acid.  Such  is  the  name  given  by 
M.  John  to  an  Acid  which  he  obtained  from  Stick  Lac. 
It  is  at  present  very  little  known.  See  Schwelggcrs, 
Journ,^  vol.  xv. ;  or  Ati.  de  Ch.  et  Ph,  vol.  i.  p,  445; 
Pearson,  PhiL  Tram,  1794, 

(989,)  Meconic  Acid,  This  Acid  was  dis^ered  by 
M.  Sertumer,  iu  his  valuable  researches  info'  Uie  con- 
stituent principles  of  opium.  It  derive*  its  name  from 
fi^Kwv,  a  poppy.  See  Serlfirner,  An.  dc  Ch.  el  Ph,  vol,  v» 
p.  21  ;   Robiquet,  An,  de  Ch,  et  Fh,  vol.  v.  p.  280. 

(990.)  Mtilitic  Acid,  Klaprolh  discovered  this  Acid 
combined  witli  alumina  in  a  rare  mineral  then  called 
Honey-stone  from  its  colour.  Consiilt  An.  de  Ch,  vol, 
XXXV).  p.  203,  and  vol.  xliv.  p.  232. 

(991.)  Moric  or  Moroxylic  Acid,  From  the  juice  of 
Hie  mulberry  {Morus  a!ha)  M.  Klaprolh,  in  1803,  ob- 
tained this  Acid.  See  Diet,  dt^  Chimie  de  Klaproth  and 
Wolff.     Thomson,  Nich,  Jour,  vol.  vii.  p.  129. 
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(992.)  Peciic  Acid,  Tliis  substance,  admitted  by  M.  Part  HT. 
Tbenard  into  his  Syjftem.  was  discovered  by  M.  Payen 
first  in  the  bark  of  the  root  of  the  plant  producing  Japan 
varnish.  M.  Braconnot  has  continued  the  inquiry, 
and  found  the  same  substance  to  exist  in  all  Vegetables, 
The  name  h  derived  from  inyjcrit,  a  coagulum,  from  the 
gelatinous  appearance  which  it  always  presents.  See 
Payen,  Joitr.  de  Pharmacie,  vol,  X.  p.  385  ;  and  Jonr. 
de  Chim.  Medicate,  vol.  i,  p.  539 ;  Braconnot,  An.  de 
Ch.  et  Ph.  vol.  x%viii.  p.  173,  and  vol.  xxx,  p.  96, 

(993.)  Acid  of  the  strychnos-pneudo-kina.  A  sub- 
stance very  little  known,  but  mentioned  by  Vauquelin, 
BuMin  de  in  Societk  Philomatique,  Marx,  'l823. 

(994.)  Succinic  Acid,  This  Acid  is  obtained  from 
amber  by  gentle  distillation.  It  exists  rdsti  in  some 
sorts  of  turpentine,  and  a  few  of  its  Salts  have  been 
noticed.  See  Ilobiquet  and  Colin,  An.  de  Ch.  et  Ph. 
vol.  iv,  p.  326;  An.  Phil,  vol.  xv.  p.  388;  Bcrzclius, 
An,  de  Ch.  vol.  xciv,  p,  189, 

(995.)  Snipho-sinapic  Acid,  MM,  Henry  and 
Garot  separated  this  substance  from  the  fixed  oil  of 
mustard.  See  Jour,  de  Chimie  Medicahy  No.  X.  and 
XL 

(996.)  Tartaric  Acid.  After  so  many  Acids,  which 
as  yet  are  scarcely  know^n  by  name,  we  arrive  at  one 
that  hns  been  long  noticed.  Its  presence  was  rccog- 
nised  in  cream  of  tartar  by  Bu  Hamel,  MargraafT,  and 
Rouelle  the  younger;  but  Scheele  first  examined  it  ia 
an  uncombined  form.  Tartaric  Acid  seems  to  exist  in 
the  juices  of  several  acidulous  fruits,  and  is  deposited  in 
combination  with  lime  and  potassa  in  considerable  quan- 
tity from  new  wines.  The  tartrates  have  excited  con- 
siderable attention,  as  some  are  serviceable  in  Medicine  : 
such  are  the  tartrate  of  potassa  and  soda;  (Ilochelle 
Salts  ;)  the  bltartrate  of  potassa;  (cream  of  tartar;)  tar- 
trate of  antimony  and  potassa,  (tartar  emetic.)  See 
Retzius,  Stock.  Tram.  1770;  An.  de  Ch,  vol  xlvii, ; 
Thenard,  SyU.  vol.  lit,  p.  677, 

Acids  produced  solely  by  artijlcial  Procenseg. 

(997.)  Camphoric  Acid.  This  substance  is  obtained 
from  camphor  by  treating  it  with  a  large  excess  of  nitric 
Acid.  It  was  discovered  in  1785  by  M.  Kosegarten, 
See.4n.  de  Ch,  vol,  xxiii.  p.  153;  voLxxvii.  p,  19;  and 
ToK  Ixxxiv*  p.  30 J. 

(998,)  Mucic  Acid,  This  Acid  was  at  one  time 
called  the  saclactic,  becan«e  obtained  by  Scheele  from 
sugar  of  milk  in  1780.  It  is  now  formed  by  treating 
sugar  of  milk,  gum,  and  some  other  substances  with 
nitric  Acid,  See  Scheele,  Memoirs  ;  Langier,  An*  de 
Ch,  vol,  Ixxii.  p.  81  ;  Tromsdorlf,  An,  de  Ch.  vol  kxl 
p.  79  ;  Labillardiere»  An.  de  Ch.  d  Ph.  vol  \%, ;  Ber- 
zelins, An.de  Ch.  vol  xciv. 

(999.)  Nanceic  Acid,  So  named  by  its  discoverrr, 
M.  Braconnot,  from  Nancy,  the  place  of  his  residence. 
It  appears  to  form  spontaneously  upon  tlie  change  to 
ace  see  nee  in  certain  Vegetable  juices.  An.  de  Ch, 
vol  Ixxxvi.  p.  84,  The  experiments  of  M,  Vugel  led 
M.  Thenard  to  suspect  this  Acid  to  be  identical  wiih 
the  lactic.     Jour,  de  Pharmacie^  vol  iii.  p.  491, 

(1000.)  Suberic  Acid*  This  Acid  was  discovered 
by  Mr  BrugnatelH  in  1787  ;  it  is  formed  by  the  action 
of  nitric  Acid  on  Cork.  See  Brugnatelli,  Creirs  Annnh^ 
1787;  Bouillon  Lagrange,  An,  de  Ch,  vol  xxtii. ; 
Chevreul,  An,  de  Ch,  vol  ixiu ;  Bussy»  Jour,  de  Pharm 
vol  vili.  p.  107. 

(1001.)  Pyr* Acids.  There  is  a  class  of  Acids  pro- 
bo 
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ehtmWy-  duced  by  the  disiillatioB  of  certain  other  Vegetable 
^^^/i*-*"  Acid*.     The  names  of  those  described  are  tiie  Pyroci- 

tric»  Pyromalic,   Pyromuoic,  and  Pyro-tartaric      See 

Thenard,  Sytt.  vd.  iiL  p.  706. 

DIVISION  n. 
Vegetable  AlkaUs. 

(1002.)  The  outline  which  we  are  about  to  give  of 
the  general  properties  of  these  substances  is  extracted 
from  M.  Tlienard's  System.  The  discovery  of  this  class 
of  bodies  originated  with  M;  Sertiirner  during  his  eX' 
cellent  analysis  of  opium«  made  in  1805.  A  subseqaent 
Memoir,  however,  which  he  published  in  1815,  was  the 
first  to  call  the  attention  of  Chemists  effectually  to  the 
point 

The  Vegetable  Alkalis  besi  known  are  morphia, 
strychnia,  brucia,  cinchonia,  quinina,  veratria,  delphia, 
and  emetia. 

Picrotoxiai  solania,  cafieina,  and  atrophia  seem  to 
belong  to  the  same  class,  but  have  been  less  studied. 

Daphnia,  hyoscyamia,  daturia,  aconitina,  and  cicutina 
have  been  announced,  but  are  still  less  known. 

All  these  Vegetable  salifiable  bases  are  solid,  white, 
bitter  or  acrid,  scentless,  heavier  than  water,  and  change 
syrup  of  violet  to  green.  Veratria,  delphinia,  and  eme- 
tia can  only  be  obtained  in  powder,  but  the  rest  are 
capable  of  crystallization,  ^en  decomposed  by  heat, 
they  all  grive  aramoniacal  products  among  other  Gases, 
in  consequence  of  the  nitrogen  they  contain.  All  are 
almost  insoluble  in  water ;  alcohol  being  their  true  sol- 
vent. Sulphur  does  not  combine  with  them.  Chlorine 
and  iodine,  by  aid  of  water,  dissolve  them.  Their  satu- 
rating power  is  feeble.  Generally  speaking,  their  sul- 
phates, nitrates,  and  hydrochlorates  are  soluble.  On  the 
other  hand,  many  neutral  tartrates,  oxalates,  and  gal- 
lates  are  insoluble.  Excess  of  Acid  always  induces  so- 
lubility. All  alkalis,  and  even  magnesia,  disengage  the 
Acids  from  these  Vegetable  bases ;  bat  in  their  turn 
these  are  capable  of  removing  the  Acids  from  most  other 
oxides.  In  a  neutral  solution  of  one  of  these  Vegetable 
Salts,  infusion  of  galls  forms,  from  the  insolubility  of  the 
gallate,  precipitates,  which  the  Acids  or  alcohol  redis* 
solve. 

These  Vegetable  Alkalis  do  not  exist  free  in  the  Ve- 
getables which  produce  them,  but  are  there  united  with 
Acids ;  and  as  far  as  at  present  known,  it  is  to  the  pre- 
sence of  these  Salts  that  the  active  properties  of  the 
plants  are  due. 

The  general  outline  of  the  process  by  which  they  are 
separated  is  this :  the  Vegetable  juices  are  boiled  with 
magnesia  and  water.  The  precipitate  obtained  is  dried 
and  boiled  in  pure  alcohol ;  thus  a  solution  of  the  alkali 
is  obtained,  and  from  this  the  alcohol  may  be  removed 
by  careful  evaporation. 

All  these  alkalis  contain  oxygen»  carbon,  hydrogen, 
and  nitrogen.  The  action  of  all  on  the  animal  economy 
is  very  active,  and  is  greatly  increased  when  they  are  in 
the  state  of  Salts,  from  their  more  ready  solubility. 

(1003.)  Morphia,  This  alkali,  discovered  by  Serttimer, 
is  obtained  firom  opium,  and  bids  fair  to  form  a  most 
valuable  addition  to  Medical  Science*  For  the  mode  of 
its  preparation  see  Robiquet,  An.  de  Ch.  ei  Ph.  vol.  ¥» 
p.  279  ;  Hottot,  Jour,  de  Pharm.  vol.  x.  p.  475.  For 
its  medicinal  application  see  Orfila,  Jour,  d^  Chim.  Me 
dicale,   vol  i.  p.  165,  221 ;  Lassaigpe,  An.  de  Ch.  et 


Ph.  voL  XXV.  p.  102  ;  GaUdaer«  MetL  and  Pkj^  Jmit,   fti 
vol.  xl.  p^  276 ;  Bardsley,  Hoepiitd  Faet»^  Sfc  v^ 

(1004.)  CincAonta.  Dr.  Doncaft  of  Edinbvg^  first 
recognised  this  as  a  distinct  Vegetable  principle  ibiuid 
in  the  Cinchona  bark,  and  chiefly  in  the  CinchomB 
Condaminea.  Its  action  seems  to  be  mndi  the  same  m 
that  of  Quinine,  but  being  a  rarer  substance  it  is  not  in 
such  general  use.  See  Mejendie,  Formuiaire  pour  ia 
Pripcuration  H  tEmploidepluMieun  fWWMOUX  MiUcO' 
ment, 

(1005.)  Qstmrao.  Thisalkali  was  discovered  iqrMK 
Pelletier  and  Caventou  in  the  yellow  bark  CVurAwag 
cordifrlia.  The  sulphate  is  now  very  laig»ly  -empk^ 
in  Medicine,  and  its  valnable  pnoperties  «re  eatabliihed 
beyond  the  reach  of  doubt  See  Pelletier  and  CaveBtfli^ 
An.deCh.etPk.yio\.jN.\  Msjendie,  sii  Jaqpr^;  BUiot- 
8on»  Medioo^ihirur.  Tram,  fiondwt,  vol.  viL  ^  M4{ 
Banlsley,  Hospital  Facts^p.  133i 

(1006.)  Emstina.  This  alkali,  diaDOYflffed4»fM..BBk 
letiier,  is  foundonly  in  the  IpeompuaBha  mot.  It  isilw 
active  emetic  pimc^le  of  tfaat  pkmt  See  Pdlekifl^ 
Jcur.  de  Pharm.  vol  ill;  Am.  det^  si  PAu  voL  mr. 
p.  180 ;  Majendie*  ut  msprd. 

(1007.)  Strychnia.  This  was  the  first  VegetJfc 
alkali  discovered  by  MM.  Pelletier  and  Cavcntoa;  it 
exists  in  plants  of  the  genus  Strychtsos^  one  of  which  is 
the  Nux  vosniea  bean.  This  also  pronusee  t«  £■»  t 
valuable  Medicine,  especially  ia  cases  of  panlysis.  Sei 
Pelletier  and  Caventou,  Jn.  deCh,ei  Ph.  voL  z.  p.  142; 
Bardsley,  Hospital  Facts,  p.  1  ;  Majendie,  ut  supri. 

(lOOa)  Brucia.  An  alkali  obtained  from  the  filse 
Angustura  bark,  (Brucwa  astii'dyeenierica,)  existing  slw 
in  the  bean  of  St^  Ignatius,  or  Nux  vomica.  6es 
An.  deCh.  etPh.  vol.  xiL  p.  118 ;  Bardsley*  ut  si^ 
p.  59. 

(1009.)  Verairki.  This  alkali  exists,  ia  the  seed  of 
the  Vcratrum  sebadilla,  the  root  of  the  while  hcUcbere, 
Ferairum  album,  and  in  that  of  the  Coleikitm  «k 
iumnaU.  See  An.  de  Ch.  d  Ph.  vol.  m.  p.  7&;  JoVd 
de  Ph.  1621,  p.  64 ;  Bardsley,  op.  cU.  pu  109. 

(1010.)  Delphinia.  This  substance  has  asyet  bsa 
obtained  only  from  tlie  seeds  of  the  Bdphmium  star 
phisagria.  SeeLassaig]ieaiidFeneulle»^ii.  ^OLrf 
Ph.  voL  xii.  p.  358;  Jour,  de  Phar.  vol.  ix.  p.  4. 

(1011.)  Picrotoxia.  BouUay  first  reoognised  this 
alkali  in  the  berry  of  the  Merdspermum  coccuIcum.  IU 
name  is  derived  from  its  bitter  taste  and  poisoaoos  pro- 
perties.    See  An.  de  Ch.  vol.  Ixxx. 

(1012.)  Solania.  This  substance,M  yet  little  known, 
was  found  by  M.  Desfosses  in  the  berries  of  the  Sokh 
num  nigrum^  and  in  the  subslanoe  of  the  Solamim 
dulcamara.  See  Desfosses,  Jotir.  de  PAar.  vol.  vi* 
p.  374,  and  vol. vii.  p.414 ;  Payen  and ChevaUier,  Joten 
de  Ch.  M4d.  vol.  i.  p.  517. 

{\0l^.\  Atrophia.  M.  Brandes  diacovered  this  al- 
kali in  fm  leaves  of  the  Atropa  hdladofuuu  (Deadly 
Nightshade.)  It  seems  to  be  a  violent  poison,  similar 
in  its  operation  to  the  decoction  of  the  plant  itself.  See 
Brande,  An.  Phil.  N.  S.  voL  i.  p.  263 ;  Ruage^  Am.  ds 
Ch.  et  Ph.  vol.  xxvii.  p.  32. 

The  remaining  substances  of  this  kind  are  a(t  pmeot 
little  known ;  but  we  commit  the  subject  to  the  attentka 
of  the  Chemical  reader  with  an  assurance  that  ia 
it  he  will  find  a  wide  field  of  interesting  rescaich ;  ac- 
companied by  a  very  reasonable  expectation  ssi  arriv* 
ing  at  results  of  the  greatest  importance  to  Medical 
Science. 
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CLASS  II. 

K  Vegetable  Proximate  Ehments^  in  which  the  Ojtygen  is 
in  defect  with  regard  to  the  Hydrogen^  om  to  the  for- 
mation of  water. 

These  substances  are  in  general  oily,  resinous  ako- 
hoUc.  Of  eUiereal ;  some  among  them  possess  acid  pro- 
pcxties.  All  are  very  rich  in  carbon,  tliis  substance 
sometimes  amounUng  to  four-fifths  of  Uieir  weight. 
They  are  in  general  fusible,  and  very  combustible. 
Many  may  be  volatilized  by  heat,  unchanged ;  others 
are  decomposed.  Almost  ali  are  very  soluble  in  spirits 
of  wine,  and  insoluble,  or  V6ry  slightly  ao,  in  water. 

(1014.)  Slearine  and  Elaine,  It  appears  fro^n  the 
re&earuhes  of  M.  Chevreut  that  all  his  and  fiKed  oils 
contain  two  distinct  principles  to  which  be  has  applied 
these  names.  The  former  gives  consistency,  the  latter, 
pf  a  more  liquid  nature,  produces  fluidity.  In  the  for- 
mation of  soaps  these  principles  are  completely  changed 
into  three  others,  Margarie  Acid,  Oleic  Acid,  and  Gly- 
cerine     See  Chevreul  sur  leji  Corps  Groi. 

(1015.)  Fixed  Oils.  These  are  for  the  most  part 
liquid  at  our  ordinary  warmer  temperatures*  Yellow  is 
tlie  prevailing  colour,  and  all  are  lighter  than  water. 
Of  this  class,  olive  oil,  castor  oil,  nut  oil,  linseed  oil* 
&c»  wiil  readily  occur  to  the  reader.  For  analyses  of 
oiU,  see  Gay  Lussac  and  Thenard,  Recherches;  Saus- 
siiJ[e,Jn.de  Ch.  el  PL  vol.  xiii.  p,  3^1  ;  Braconnot, 
An,  de  Ch.  voL  xciii.  p*  225.  On  the  nature  and  for- 
tnatiou  of  soaps,  see  Thenard,  Syd*  \ob  iv.  p.  70  ; 
D'ArceL,  &c.  An,  de  CL  vol  xix,  p,  253;  CaUn,  A/i.  de 
Ch,  et  Ph,  vuL  iii*  \u  5;  Marcel  de  Serres,  An,  de  Ch, 
vol.  bxvi.  p,  54  ;  Chevreul  sur  i^Corpx  Gras. 

(1016,)  Exsaiiial  Otis,  These  oils,  sometimes  termed 
essences,  contain  the  odoriferous  p ro perl iea  of  various 
plants,  and  hence  they  form,  either  alone,  or  as  spiritu- 
ous solutions,  the  basis  of  most  perfumes.  In  many 
properties  they  differ  from  the  fixed  oils.  They  are 
fwrrid,  caustic,  very  fluid,  highly  volatile,  and  readily 
combustible  on  the  approach  of  burmug  bodies.  Par- 
tially soluble  in  water,  not  capable  of  forming  very  iuti- 
tnate  combinations  with  alkalis.  Those  most  gene- 
rally known  are  obtained  from  the  lemon,  bergamot 
orange,  lavender,  rosemary,  aniseed,  rose, J^min,  cara- 
way seed,  ambergris,  aod  turpentine  fryj^'the  resin  of 
the  pine,  •, 

(1017.)  Reiijis^  These  substances  are  generally  solid, 
brittle,  but  little  heavier  than  water,  scentless  and  taste- 
less when  pnre,  generally  of  a  yellow  or  brown  colour; 
non-conductors  of  electricity,  but  themselves  readily 
cleclric  by  friction.  Combustible  in  the  open  air  with 
much  tlame  and  black  smoke,  which,  when  collected, 
condenses  into  the  well-known  substance  i amp-black. 
The  substances  in  this  class  are  common  resin,  colopho- 
ny, pitch,  balsam  of  copiaba,  copal,  elemi,  mastic,  sanda- 
rach, dragons  blood, some  viscid  turpentines, Burgundy 
pitchy  and  a  few  others.  For  analyses  of  these  bodies, 
see  Gay  Lussac  and  Thenard,  Uecherchen,  and  some 
curious  experitnents  by  Mr.  Ilatchett,  PkU,  Tram,  vol. 
xdv.,  xov.,  xcvi* 

(1018.)  GumRenm,  These  substances  are  exudations 
from  the  bark  and  branches  of  trees;  they  are  much 
ia  Medicine  and  in  the  Arts.  In  this  class  are 
lida,gum  ammoniac,  galbanum,  olibanum,  myrrh, 
4ifioponax,  acammony^  aloes,  lac,  and  a  few  others.  Far 
the  Natural  History  of  Uieae  bodies,  consult  any  good 
'fikarmacop<fm. 


(10  Id.)  BaUami.  These,  like  the  last  mentioned,  are    Fkit  III, 
in  fact  compound  bodies,  aud  for  the  most  part  consist  Si^v^i^ 
of  re«in,  benzoic  Acid,  with  some  oil  peculiar  to  each. 
For  examples  we  may  name  balsam  of  Peru,  balsam  of 
Tolu,  benzoin,  and  &torax. 

(1020.)  Caoutchouc.  This  useful  and  curioui*  sub* 
stance  is  the  inspissated  juice  of  three  or  four  East 
Indian  and  American  plants. 

(1021.)  ff  a^.  Many  plants  seem  to  elaborate  this 
substance  by  vessels  proper  for  its  production  and  de* 
position ;  it  exists  in  the  pollen  of  plants,  and  hence  is 
collected  in  large  quantities  by  bees.  A  question  has 
arisen  whether  these  animals  only  collect  wax,  or  have 
the  power  of  secreting  it:  the  latter  is  the  opinion  of 
Mr.  lluber. 

(1022.)  Camf&ar.  This  sobstaiice  exiels  in  various 
apecies  of  the  genus  Lanru*^  but  is  principally  obtained 
in  Japan  from  the  LanruB  camphor  a.  It  is  subsequently 
refined  iu  Europe  by  sublimation.  See  Clemandot, 
Jour,  de  Phartnacie,  vol.  iij.  p,  32i3  ;  Atu  de  Ch.  vol. 
xxi.,  utxvii.,  xL,  xlvili. ;  An,  de  Ch.  el  Ph,  \oU  iv» 
p.  31 D,  and  vol.  viii.  p.  78  ;  Chevreul,  An,  de  Ch,  vol. 
Ixxiii.  p.  167. 

(1023.)  Alcohol,  This  substance  well  known  in  an 
impure  state  as  spirits  of  wine,  is  then  combined  with 
water  from  which  it  is  by  no  means  easy  to  effect  a  se- 
paration, Alcoliol  is  a  product  formed  during  the  vinous 
fermentation  :  hence  it  exists  in  wine,  beer,  &c«  To  this 
substance  these  Liquids  owe  their  intoxicating  propertkc 
The  Specific  Gravity  of  the  purest  alcohol,  supposed  an* 
hydrous,  is  0.796  at  fiO*^ Fahrenheit  When  its  Specific 
Gravity  is  0,b20,  it  boils  at  176^  Fahrenheit,  and  is 
highly  inflammable.  It  i»  not  clear  that  alcohol  has 
never  been  frozen ;  Mr.  Walker  found  it  fluid  at  —  91** 
Fahrenheit.  Alcohol  dissolves  potassti,  soda,  Hthia, 
ammonia,  and  the  vegetable  alkalis,  but  does  not  act  on 
the  earths,  or  metallic  oxides.  Whether  alcohol  existed 
in  wines  as  such,  or  was  formed  during  their  distillation, 
was  long  doubted  ;  but  the  question  was  at  length  de- 
cided in  the  affirmative  by  some  good  experiments  of 
Mr.  Brande.  On  the  modes  of  obtaining  pure  Alcohol 
see  Gay  Lussac,  An,  de  Ch,  vol.  Ixxxvi.  A  curious  fact 
is  mentioned  in  the  Journal  of  Science^  vol.  xviii.,  pwf. 
that  if  impure  alcohol,  contained  in  an  ox's  bladder,  be 
suspended  iu  tlie  air,  the  water  escapes,  and  the  alcohol 
becomes  concentrated.  On  the  constitution  of  alcohol, 
see  Saussure,  jun.  An.  de  Ch,  vol  Ixxxix.  For  strength 
ofalcolioli  see  Table  IX. 

(1024.)  /Ethers.  M.  Thenard  divides  i^hers  into 
three  classes:  I.  those  which  consist  of  hydrogen, 
carbon,  and  oxygen ;  and  are  formed  by  the  mutual  action 
of  certain  Acids,  alcohoU  and  water  ;  2.  those  which 
result  from  the  combination  of  bicarburetted  hydrogen 
with  some  Acid  employed  in  their  formation ;  and  3. 
those  which  consist  of  a  direct  union  of  alcohol  witli  ll^e 
Acid  emplojed  for  their  formation* 

Of  the  first  kind  are  sulphuric,  phosphoric,  arsenic, 
and  fluo-boric.  Of  the  second  kind  are  hydrochloric, 
hydriodic,  and  hydro-fluoric.  And  of  the  third,  nitric, 
and  several  produced  by  vegetable  Acids. 

As  an  example  of  this  sort  of  substance,  take  sul- 
phuric aether.  Sulphuric  Acid  is  added  to  an  equst 
quantity  of  alcohol  in  a  glass  flask,  but  with  great  cau- 
tion agitating  it  on  each  addition  of  Acid.  A  gentle  heat 
is  then  apphed,  aod  the  aether  distils  over,  and  is  con- 
densed iu  a  cool  receiver.  Sulphuric  ether  has  a  pun- 
gent, and  to  most  persons  an  agreeable  odour.  Its 
&n2 
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Chemistry.  Specific  Gravity  is  about  0.7,  and  it  is  highly  volatile. 

>»  v^**"  Consult  Thenard,   Syttime,  vol.   iv.  p.   146 ;  MSm, 
d^Arctieily  vol.  i.  ii. 

(1025.)  BUumeru^  Coal^  Anther^  S;c,  It  would  re- 
quire volumes  to  do  justice  to  the  Natural  History  of 
this  important  class  of  substances,  which  we. must  dis- 
miss after  a  few  lines  of  description.  All  are  generally 
believed  to  be  the  results  of  the  spontaneous  decompo- 
sition of  Vegetable  matters,  though  the  period  at  which 
they  must  have  6ourished  is,  in  many  cases,  very  re- 
mote. Bitumens  proper,  and  naphtha,  a  more  limpid 
and  volatile  bitumen,  (containing  no  oxygen,)  are  ge- 
nerally found  as  exudations  fiom  the  earth  in  parts 
subject  to  the  operation  of  volcanic  6res.  Coal  is  found 
in  extensive  deposits  in  several  parts  of  the  earth,  and 
forms  by  far  the  richest  mineral  treasure  of  England. 
Amber  is  found  in  masses,  chiefly  on  the  Northern 
European  shores ;  and  on  the  coast  of  Sicily,  near  the 
mouth  of  the  Giaretta.  Retinasphalt,  first  described  by 
Mr.  Hatchett  in  the  Phil.  Trans,  for  1804,  is  found  in 
small  quantity  with  brown  coal  at  Bovey,  in  Devon- 
shire. 

CLASS  III. 
Vegetable  ProximaU  Elements  in  tohich  the  Oxygen  and 
Hydrogen  are  in  just  proportion  for  the  formation  of 
water. 

All  substances  in  this  class  are  solid,  heavier  than 
water,  scentless,  and  have  no  action  on  Vegetable  co- 
lours. They  are  not  volatile,  but  are  altogether  decom- 
posed by  heat  When  placed  in  contact  with  100  or 
150  times  their  volume  of  chlorine,  they  become  carbon- 
ized in  a  few  days,  and  the  chlorine  passes  to  the  state 
of  hydrochlbric  Add  Gas. 

(1026.)  Sugar.  Of  this  substance  four  kinds  at  least 
are  recognised  by  Chemists :  that  of  the  cane,  beet-root, 
and  other  such  Vegretablcs ;  of  the  gprape,  and  other 
fruits ;  of  some  of  the  Fungi ;  and  that  which  is  found 
in  the  urine  of  persons  labouring  under  one  variety  of 
Diabetes. 

(1027.)  Honey  is  a  substance  greatly  analogous  to 
sugar  in  its  nature,  secreted  by  some  plants,  and  col- 
lected by  bees.  It  has  been  questioned  how  far  the 
process  performed  by  this  interesting  animal  is  secretive 
or  merely  a  process  of  mechanical  separation.  On  this 
point  see  Huber,  Jour,  de  Phys.  1804. 

(1028.)  Mannite.  This  name  is  given  by  M.  Thenard 
to  the  saccharine  principle  of  manna,  an  exudaUon  from 
some  species  of  ash. 

(1029.)  Asparagine.  The  vegetable  principle  peculiar 
to  asparagus ;  discovered  by  MM.  Vauquelin  and  Robi- 
quet     See  An.  de  Ch.  vol.  Ivii.  p.  88. 

(1030.)  Starch,  This  name  is  applied  generally  to  a 
substance  found  in  a  great  number  of  roots  and  grains ; 
and  forming  a  very  considerable  share  of  their  nutritive 
substance.  Consult  Saussure,  An,  PhiL  vol.  vi.  and 
An.  de  Ch,  et  Ph.  vol.  xi. ;  Caventou,  An.  de  Ch.  et 
Ph,  vol.  xxxi. 

(1031.)  Oum.  This  useful  proximate  element  is  ob- 
tained as  an  exudation  from  several  plants.  The  most 
plentiful  variety  is  from  the  Mimosa  genus,  growing  in 
hot  Countries,  and  well  known  as  Gum  Arabic.  The 
gum  of  the  plum  and  cherry  tree,  and  even  the  muci- 
lage obtained  by  macerating  linseed,  are  believed  to  be 
varieties  of  the  same  substance.  See  Bostock,  Nich. 
Jour.  vol.  xviii. 

(1032.)  Lignin^  or  fToody  Fibre.    The  main  solid 


constituent  of  all  trees  aiMt  plants.     See  Braconnot,   (^ 
An.  de  Ch.  et  Ph.  vol.  xii.  %« 

CLASS  IV. 

Vegetable  Colouring  Principles, 

The  substances  in  this  class  are  found  in  Tariooi 
parts  of  Vegetables  ;  and  as  they  are  of  great  import- 
ance in  the  Arts,  they  have  formed  the  subject  of  aume* 
rous  experiments  by  the  most  expert  Chemists.   - 

(1033.)  Hcematine.  The  colouring  principle  of  log^ 
wood,  described  by  M.  Chevreul,  An,  de  Ch.  vol.  Ixxxi. 
p.  128. 

(1034.)  Carthamine.  Such  might  serve  for  the  name 
of  a  deep-red  colouring  matter  obtained  from  the  Car- 
thamus  tindorius^  but  which  has  as  yet  been  little  ei- 
amined. 

(1035.)  Indigo,  This  most  valuable  and  curious  Ve- 
getable product  is  obtained  chiefly  from  a  genus  oT 
plants  produced  in  Asia  and  America,  and  also  of  ta» 
ferior  quality  firom  the  Isatis  tinctoria^  which  has  bog 
been  cultivated  in  Europe.  See  Chevreul,  An,deGL 
vol.  Ixvi.  p.  29  ;  also  lb.  vol.  Ixxii.  and  Ixxviii. 

(1036.)  Polychroite.  Such  is  the  name  given  bj 
MM.  Bouillon  Lagrange  and  Vauquelin  to  thecoloarin^ 
principle  of  safiVon,  in  consequence  of  the  great  variety 
of  tints  which  it  is  capaUft.' of  assuming.  (toXw,  many, 
X/yoa,  colour.)  See  thnr  If  cmoir.  An.  de  Ch,  et  Pk 
vol.  Ixxx.  and  that  of  M.'ffenri,  Jour,  de  Phar.  volviL 

(1037.)  Carmine.  This  beautiful  pigment  is  formed 
from  the  colouring  principle  of  cochineal  with  alumina 
or  oxide  of  tin  for  a  base.  Cochineal  is  obtained  firon 
an  insect  which  feeds  on  the  leaves  of  several  species 
of  Cactus.  See  Pelletier  and  Caventou,  Jour,  de  Phar, 
vol.  iv. 

Other  red  dyes  are  obtained  from  madder,  Brazil 
wood,  &c.  The  principal  yellow  dyes,  are  Reseda  luteola; 
quercitron  bark;  fustic;  turmeric;  femambouc,  te. 
ftc. 

Upon  a  knowledge  of  these  substances  the  Art  ef 
Dyeing  depends.  See  Chaptal,  Chimie  appliquee  omm 
Arts;  Bancroft,  on  Permanent  Colours;  Berthollet, 
Elhnens  de  VArt  de  la  Tdnture;  Henry,  Mands,  Mem* 
vol.  iii. ;  and  Thenard  and  Roard,  An,  deCh.yfA,  lixiv. 

^J^  CLASS  V. 

Vegetable  Prmmaie  Elements  not  noticed  in  any  of  ike 
preceding  Classes. 

Many  substances  which  will  be,  or  might  be,  here 
mentioned,  will,  most  probably,  upon  further  investiga- 
tion, require  to  be  placed  in  some  one  of  the  preceding 
classes;  but  this  is  an  intricate  department  of  the 
Science,  and  in  it  there  have  been  but  few  zealous  la* 
bourers. 

(1038.)  Gluten,  This  substance  is  sometimes  termed 
vegeto-animal,  from  partaking  of  the  nature  and  pro- 
perties of  animal  matter.  It  is  a  tough,  elastic  sub- 
stance, most  readily  obtained  by  washing  away  the 
ffficula,  mucilage,  Ac.  from  paste  made  of  any  kind  of 
com.  M.  Taddei  has  recently  stated  gluten  to  consist 
of  two  distinct  principles,  gZeoJfRC,  soluble  in  alcohol,  and 
zymome,  whidi  has  not  that  property.  An.  Phil.  vol.  xv. 

(1039.)  Yeast.  The  peculiar  principle  of  this  sub- 
stance is  called  by  some  writers  Ferment.  Its  distinc- 
tive property  is  that  of  exciting  fermentation  in  Vege- 
table matter  under  certain  conditions* 

(1040.)  Tannin.    This  curious  and  important  body 
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Chtmiitry.  the  least  subject  to  this  process,  and  some  are  not  liable 
to  it  in  any  degree.  By  the  Putrefactive  Fertnentation 
most  disagreeable  cfOuvia  are  produced,  and  llie  sub- 
stances are  resolved  into  carburetted  hydrot^eii  Gases ; 
carbonic  Acid;  ammonia^  if  nitrogen  be  present;  water; 
acetic  Acid  in  some  cases;  and  solid  carltonaceous 
matter. 
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CHAFTER  IL 
Chestistey  of  Animal  Bodies. 

The  substunoes  which  we  shall  enninerate  in  this 
Chapter  consist  of  oxygen,  hydrogen,  carbon*  and  ni- 
trogen, as  the^ chief  elements  ;  but  small  portions  of 
other  sitbstancR  are  united  with  these,  so  as  to  jiro- 
dnce  important  modifications  in  their  ^neral  proper- 
ties. The  first  three  of  our  classes  will  consist  of  simple 
proximate  elements  ;  while  the  last  class  will  contain 
those  complex  Fluids  or  Solids,  which  are  distinctly  re- 
cognised as  ministering  to  the  functions  of  animal  hfe. 

CLASS  I. 

Substances  neither  acid  itor  oleaginous. 

These  bodies  are  altogether  decomposed  by  destruc- 
tive distillation,  and  produce  water,  carbonic  Ackl  OaN 
carbonate  of  ammonia,  componuds  of  cyanic  Acid» 
with  ammonia  in  very  minute  quantities,  Gaseous  oxide 
of  carbon,  a  fetid,  animal  oil,  carburetted  hydrogen  Gas, 
nitrogen,  and  charcoal  of  a  very  dense  tex^ture.  All  are 
decomposable  by  nitric  Acid, 

(1065.)  Fibrin,  This  is  the  main  stibatance  of  mus- 
cular fibre,  and  ite:iists  abundantly  in  blood  and  in  the 
cliyle.  It  is  a  white,  solid,  tasteless  substance.  See 
CheT?reul,  An.  de  Ch,  d  PL  vol.  xix. ;  Gay  Lussac,  An. 
de  Ch,  cl  Ph,  vol  iv* ;  Bcrzehus,  An.  de  €h  vol 
Ixxxviii ;  Bracf>nnot,  An^  de  Ch.  ci  Ph.  vol.  xiii* 

(1066.)  Albumen.  This  body  is  found  in  most  ani- 
mal Fluids  and  Solids ;  ami  almost  pure  in  the  white 
of  the  eg;g.  Its  most  marked  property  is  the  power 
of  coagulation  hy  heiit.  See  Chevrenl,  An.  de  Ch.  et 
Ph,  vot.  xix.  ;  B»ande,  Phil.  Trans.  18U9  ;  Lassaigne, 
idn  de  Ch.  el  Ph,  vol.  xx, ;  Bostock,  McdtcQ-Chir* 
Trans,  vol.  ii» 

(1067,)  Gdaiine,  A  substance  readily  soluble  in 
water,  and  which  forms  a  portion  of  most  of  the  harder 
parts  of  animals.  Glue  is  gelatine  obtained  by  boiling 
the  skins  and  hoofs  of  animals.  Isinglass,  a  more  pure 
fw  delicate  Bort, is  obtained  from  the  stomachs  of  certain 
fishes.  Tannin  has  a  strong  afiinity  for  it,  and  thus 
precipitates  a  solid  compound  of  the  two  elements.  See 
Gay  Lussac  and  Thenard,  Reck.  vol.  ii.  p,  336. 

(1068.)  Casmns  Matter.  A  substance  existing  in 
milk,  and  separated  fm  the  making  of  cheese.  See 
Proust,  An,  dc  Ch,  et  Ph.  vol.  x.  p.  29. 

(lt)6!>.)  Urea.  A  singular  crystalline  Solid  which 
forms  a  very  important  ingredient  of  urine.  See  Front, 
Mfdico-Chir,  Trans,  vol  viiL  p.  529  ;  Vauquelin,  An. 
de  Ch.  vol.  xxxii.  p.  80. 

(1070.)  Picromel,  A  substance  found  in  the  bile. 
SeeThenard,  Mem,  d'Arciieil.voh  i, ;  BevEelius^  Medim- 
Chir.  Trans,  vol.  iii. ;  Tied  em  an  n  and  Gmelin. 

(107 1 .)  Sugar  ofMiOc.  This  seems  to  be  of  the  same 
nature  with  the  sngur  already  mentioned  (10:26.)  as 
occurring  in  the  urine  of  diabetic  patients.     See  Vsu- 


^ueiin,  BuUeHn  de  Phartnacie^  voh  iti.  pu  49  ;  Vegil, 

An.  de  Ch,  vol.  Ixxit.  p.  )56 ;  Gay  Luapi 

Meah, 

CLASS  II. 

Animal  Acids, 

Among  Animal  matters  Thenard  nMnes  Iwaityn 
Acids  ;  nine  differing  altogether  from  fatty  biidie^;  im 
very  considerably  allied  to  them  in  Nature  ;  Ihfes  ItMkf 
differing  in  origin  and  oonstiiution  ;  wluUt  sobs  oikn 
are  common  to  the  Animal  and  Vegetable,  or  Is  Ibe 
Animal  and  Mineral  kingdoms. 

Acids  more  or  less  oiy^tJiated^  and  differing 
ably  fiom  fatty  Bodies, 

(1072.)  Uric,  or  hiihic  Acid,  TIms  fvemliir  Add 
was  discovered  by  Scheele,  in  1776;  it  exists  witb  iih 
merous  other  substances  in  the  viriue  of  cnasy  of  ib 
higher  animals.  See  Henry,  Alanch.  AUfti,  N.  S.  falii,j 
Front,  Medico-Chir,  Trans,  vol  ix. 

( 1 073. )  Pyro-uric  Acid.  If  u ric  Acid  be  expoirf  l» 
heat  in  a  retort,  this  Acid  is  Ibrmed  and  voIatOiitd  ht 
CbevaHier  and  Lassaigne,  /(n.  de  Vh,  ei  Ph.yoh  xuip,  l^ 

(1074.)    Purpuric  Acid.     This  Acid  was  firu  rewf* 
nised   by  Dr.  Front,  and  has  exercised   the  inirfnutT 
of  some  of  the  best  Chemists,  but  at    ^ 
well  understood.     It  is  oblained  by  di:. 
Acid  in   diluted   nitric  Acid.     See  Prout,  P/ui 
1818  ;  Vauquelin,  Mem*  du  Mus.  dHUi,  Nai.  v 
p.  253,  iind  vol.  ix*  p.  155  ;  Brug-natelli,  An,  de  CLtt 
Ph,  vol.  viii.  p.  201 ;  Lassaigne,  An,  dc  Ch.  et  Pk,  foL 
xxii.  p.  334. 

(1075.)  RosacicAdd,    This  substance  lias  ooIvWu 
occasionally  found  in  urine.     See  Frou5t,  Af2. 
vol.  xxxvi,  p.  258  ;  Vauquelin,  An,deMus,dH^ 
vol.   xvii.  p.  133;  Vogeh  Jour,  de  Phar„  voL  v 

(1076.)  Amniotic  Acid*     This  Acid   was  tw 
MM.  Vauquelin  and  Buniva  in  analyein^  llie  un'. 
liquor  of  a  cow.     See  An.  de  Ch,  vol.  xxxiii.  p.  sfiV. 

(1077.)  Laciic  Acid,  Scheele  discovered  this  Aod 
in  sour  whey,  in  17S0.  Berzclius  considers  itodf  iht 
acetic  disgui.sed  by  the  presence  of  Aiumiii  nmttsr,siil 
the  same  opinion  is  maintained  hy  Tied  cm  son  irid 
Gmelin  in  their  important  Work  on  digestion,  Di«r#- 
daiiun^;  nacft  Vcrsitche,  Heidelberg ^  1B26. 

(1078,)  Formic  Acid,  This  Acid  exists  in  esse 
species  of  ants*  See  Suerson»  GehL  Jour,  toI.  iv,  jl  1; 
Gehlen,  An,  de  Ch.  vol.  Ixxxiii.  p.  20S;  DdbmncT, 
An,  de  Ch.  et  Ph.  vol.  xx.  p.  329. 

()07£^0  Ca^eie  Acid,  M.  Proust,  who  disooSMsI 
ihh  acid  substance,  first  called  it  Caseous  Oildib-i 
name  which  more  recent  authors  have  ebsngtd  ^ 
Caseic  Acid.     Proust,  An,  de  Ch,  el  JPA-  vol,  x«  |i.ii> 

(IQSQ.}  Cyanic  Acid,     We  have  already 
this  Acid  in  another  part  of  this  Treotise.  C^^^) 

The  foiiowing  Acids  contain  Uille  Ojs^gm* 
proach  to  fatty  Substances  in  their  C^n 
Properties, 

(1081.)  SebacicAdd,  This  Acid  i^ultt  6Mi*<hi 
distillation  of  fatty  matters.  M.  Thenard  am  n60f- 
nised  it     See  An.  de  Ch.  vol.  xoix.  p.  193. 

(1062.)    Cholesteric  Acid,      The   aeboceotss  ni»tt« 
contained   in   the  biliary  caleuli   of  man  was 
Choiesterine   by  M,  Chevreul.     By  ireiiting  thb 
stance  with  nitric  Acid,  MM.  Pelktier  and 
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r,  obUined  a  pectihar  Acid,  aind  gave  to  it  the  name  of 
f  Cbolesteric  Acid.    See  Joirr.  dt  Phar,  Yol.  iii.  p,  292, 

(lOSa.)  Stearit  Acid.  M.  Cbevreul,  the  diseoterer, 
so  named  this  Acid  from  trrwap,  fat.  He  considers  the 
formation  of  this  Acid,  and  its  union  with  an  alkali,  the 
essenliat  process  in  the  formation  of  soap.  See  Che- 
Treul  sur  ks  Corps  Oras, 

(1034.)  Margaric  Acid.  Discovered  also  by  M. 
Chevreii],  and  nanxcd,  from  its  pearly  appearance,  from 
fimf>ffaptT^9,  a  pearl.  This  Acid  exists  in  the  fat  of 
animak.     See  ChevreuU  op,  ciL 

(1085.)  Oleic  Acid.  Another  of  M,  Chevreurs  Acid*, 
forming  part  of  the  same  fatty  matters^  and  capable, 
like  the  others,  of  saturating  alkaline  bases. 

(1086.)  Phoemic  Acid.  An  Acid  obtmined  by  M. 
Chevrcul,  by  acting  on  a  pectiliar  oil  wiih  alkalis. 
Iliis  oil,  called  Phocenme,  he  obtumed  from  the  oil  of 
the  porpoise.  (Delphinn/i  phocmna,} 

The  Butyric,  Caproic,  Capric,  and  IiircicAcid$  have 
similar  animal  origin,  and  may  be  found  in  the  Work 
of  Chevreiil.  An  Acid»  called  the  CcvadiCt  is  described 
by  Pdletier  and  Caventou,  An.  de  Ch.  H  PA.  vol,  xir, 
p-  71. 

CLASS  III 

Oleaginous  Animal  Substances* 

The  substances  referable  to  thta  class  have  the  fol- 
lowing general  properties.  They  become  liquid  at  very 
alight  elevations  of  temperatnre;  are  insipid;  very  in- 
flammable; insoluble  in  water;  produce  by  distillation 
a  sraall  carbonaceous  residuum,  with  much  fetid  oil ; 
but  by  being  passed  in  a  state  of  vapour  through  a 
heated,  porcelain  tube,  they  deposit  much  carbon  and 
evolve  carburctted  hydrogen  Gas  :  they  do  not  contain 
azote*  and  but  little  oxygen.  M.  Berard  obtained  a 
substance  very  similar  in  general  properties,  by  trans- 
mitting a  mixture  of  one  volume  of  carbonic  Acid,  ten 
Tolumes  of  carburetted  hydrogen,  and  twenty  volumes 
of  hydrogen  through  a  red-hot  tube.  Dobereiner  pro- 
duced a  similar  effect  from  a  mixture  oi  coal  Gas  and 
aqueous  vapour. 

(1087.)  M,  Thenard  says,  that  before  the  researches 
of  M.  Chevreul  the  notions  formed  relative  to  the  fatty 
bodies  were  altogether  inaeonrale,  "  The  fats  were  con^ 
sidered  similar  to  the  fixed  oib,  in  being  all  as  diflTerent 
from  each  other  as  they  could  be;  th^l  is  to  say,  as 
much  so  as  the  various  species  of  sugar.  M,  Chtvreul 
has  demonstrated  that  they  are  composed  of  a  certaio 
number  of  nltimate  elements,  and  that  the  greater  part 
differ  from  each  other  only  by  the  relative  proportions  in 
which  these  exist.  Of  these  he  dtj^tinguishes  eight 
species,  to  which  he  gives  the  following  names :  StmriTier 
Oldfte^  Cetijie^  Coksterine^  Ethal,  PAocei/ie,  Buiyrijie, 
and  Hireine, 

•*  These  are  divisible  into  four  well-mark^  grotips, 

•*  The  first  containing  fatty  substances  which  are  not 
altered  by  alkalis,  and  are  not  capable  of  unttiug  toge- 
ther, vi2,  chol ester ine  and  ethal. 

**  The  second  are  convertible  by  alkalis  into  glycerine 
and  oleic,  margaric,  or  stearic  Acid,  Stearine  of  th« 
sheep,  stearine  of  man,  and  oleine. 

•"Hie  third  contains  those  which  are  transformed  by  al- 
kalis into  ethal,  and  into  margaric  and  oleic  Acids.  Cetine, 

'*  The  fourth  comprehendi  those  bodies  which  the 
alkalis  change  into  glycerine,  into  volatile  Acids  when 
distilled  with  water,  and  into  oleic  Acid,  or  oleic  and 
margaric  Acids ;  phoceine,  butyrine,  hircinc." 


It  is  not  in  our  power  to  enter  into  the  detail  of  tlies© 
substaDCes,  so  thai  we  must  refer  our  readers  to  tlie 
excellent  Work  of  M.  Cherreul  sur  Ics  Corp^  GroM. 

CLASS  IV, 

Comfhr  Animal  Substancfin 

Besides  the  substances  which  have  fallen  under  the 
preceding  three  Classes,  there  are  certain  other  proxi* 
mate  elements,  which  enter  more  or  less  into  the  com- 
position of  Animal  matters.  Such  are  certain  earthy  or 
alkaline  phosphates,  carbonates,  and  sulphates ;  some 
Vegetable  Salts  with  alkaline  or  earthy  bases  ;  some 
oxides ;  and  some  Salts  formed  by  Animal  Acids, 

These,  however,  are  inconsiderable  in  quantity,  and 
are  not  exactly  the  bodies  to  which  we  turn  our  attenticii 
at  this  moment.  We  place  in  this  clam  those  Solids 
and  Fluids  which  enter  into  the  constitntion  of  living 
animals.  Tliese  substances  arc  in  general  formed  of 
numerous  ultimate  elements,  which  may  be  supposed  to 
exist  in  groups,  forming  again  proximate  elements,  by 
which  the  constitution  of  each  substance,  as  blood,  bile, 
6cc,  may  be  described. 

Secreiiotu  subservient  to  the  Junction  of  Digestion* 

(loss.)  SaUtxu  A  limpid  Fluid,  secreted  by  glands 
surrounding  the  mouth,  and  poured  forth  in  consider- 
able quantities,  to  he  mixed  with  the  aliments  during 
mastication,  and  conveyed  with  the  food  into  tlie 
stomach.  See  Berzehus,  An.  de  Cfu  vol.  Ixxxviiu 
p.  123;  Lassaigne,  An.  de  Ch.  et  Ph.  vol.  xix.  p.  176. 

(1089.)  Pancreatic  Juice.  A  Liquid  secreted  by  the 
pancreas,  a  gland  situated  in  the  epigastric  regioti,  and 
(^onveyed  by  ducts  opening  into  the  duodenum.  Im» 
inedtate  use  unknown*  See  Leuret  and  Lassaignci 
Jour,  de  Ckim.  Medicate^  vol.  i,  p.  54 &. 

(1090.)  Gastric  Juice,  A  Liquid,  supposed  to  be 
secreted  by  the  stomach,  and  unquestioiiably  of  great 
importance  to  the  process  of  digestion.  The  solvent 
power  of  this  Fluid  is  most  remarkable.  See  Johnson, 
Animal  Chemisirtf,  vol.  i.  p.  180, 

(1091.)  Bile.  A  bitter,  yelbw,  or  greent^  Liquid, 
lecfeted  by  the  liver,  and  conveyed  by  ducts  into  the 
duodenum,  to  be  mingled  with  the  aliment  which  boa 
passed  thitlier  from  the  stomach.  See  Johnson,  op,  eU* ; 
Thenard,  Mhn.  ^Arcueil^  vol,  i. ;  and  the  Work  of 
Tiedemann  and  Gmelin* 

SubtianoeM  imnudiatdy  remUin^from  digested  AlimenU. 

(1092.)  Chyme.  Hie  aliments  are  conveyed  into  the 
stomach,  and  there  converted  into  a  sort  of  pulpy 
matter,  which  is  termed  Chyme.  For  greater  cleamesflf 
this  substance  is  mentioned,  though,  as  must  beobviou% 
it  is  not  a  Chemical  clement  of  any  sort;  nor  at  ail 
definite  in  Its  composition.  See  Marcet,  An.  de  Ch.  et 
Ph,  vol,  ii.  p.  50;  Prevost  and  Jje  Royer,  An.  dn 
Sciences  Naturelles,  vol.  iv.  p.  481, 

(1093.)  Chyle.  This  name  is  applied  to  the  Liquid 
absorbed  by  the  lacteal  vessels  dispersed  throughout  the 
small  intestines,  an^  from  them  conveyed  into  the 
thoracic  duct.  Chyle  is  a  white,  opaque,  milky-looking 
fhiid.  See  Vauquelin,  An*  de  Ch.  vol.  Ixxxi.  and  vol. 
xciv.  ;  Brande,  Phil.  Trans.  1B12;  Proni,  An.  PAUoi* 
vol.  xiii. ;  Prevost  and  Le  Royer,  td  tap, 

(1094.)  Bhod.  The  general  appeaiaoee  of  tWa 
Fluid  mast  be  lamifiar  to  all :  very  naneroMa  have  been 
the  researehes  made  upon  it  by  Olkeiiiiati,  especially 
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with  reference  to  its  colouring  principle.  Blood  con- 
tains water,  albumen,  fibrin,  a  coloured  Animal  sub- 
stance, a  small  quantity  of  fatty  matter,  and  some 
Salte.  When  recent  healthy  blood  is  left  at  rest,  it 
shortly  separates  into  two  portions,  the  one  a  transpa- 
rent, yellowish  Liquid  called  the  serum ;  the  other  an 
opaque,  reddish  or  brownish  coa^lum.  The  latest 
researches  on  this  much  a^tated  subject  have  proved 
that  iron  is  the  colouring  principle  of  the  Blood. 

See  Bostock,  Medico-Chir.  Trans,  vol.  ii.  p.  166 ; 
Marcet,  Medico-Chir.  Trans,  vol.  iii.  p.  231 ;  Vauquelin, 
An.  de  Ch.  el  Ph.  vol.  xvi.  p.  363 ;  Prcvost  and  Dumas, 
An.  de  Ch.  rf  Ph.  vol.  xviii.  p.  280,  and  vol.  xxiii.  p.  50 ; 
Brande,  Phil.  Tram.  1812 ;  Engelhardt,  Edinh.  Med. 
and  Surg.  Jour.  Jan.  1827 ;  Berzelius,  Animal  Che- 
midry.  ' 

(1095.)  Urine.  This  excrementitious  Fluid  is  sepa- 
rated by  certain  glands,  the  kidneys,  in  order  to  be  re- 
jected firom  the  system.  This  Liquid  has  been  the 
subject  of  very  numerous  researches,  in  consequence  of 
its  important  pathological  relations.  Consult  Cruick- 
shank  in  Rollo,  on  Diabetes,  2d  Ed. ;  Berzelius,  Animal 
Chemistry ;  Henry,  An.  Phil.  vol.  i. ;  Scheele,  Essays; 
Vogel,  An.  de  Ch.  vol.  xciii. ;  Prout,  An.  Phil  vol.  xv. ; 
Berzelius,  An.  Phil.  vol.  ii. ;  Nicolas,  An.  de  Ch.  vol. 
xliv. ;  Dupuytren  and  Thenard,  Ibid.  vol.  lix. ;  Four- 
croy  and  Vauquelin,  An.  de  Ch.  vol.  xxxi.  xxxii. ;  Wol« 
laston,  PMl.  Trans.  1797 ;  Berzelius,  An.  dt  Ch.  vol 
Ixxxix. ;  Proust,  An.  de  Ch.  et  Ph.  vol.  xiv. ;  Prout, 
On  the,  Nature  and  Treatment  of  Calculous  Disorders. 

(1096.)  Intedinal  Gases.  A  mixture  of  varied  con- 
stitution, examined  by  Chevreul  and  Magendie,  An.  de 
Ch.  et  Ph.  vol.  ii. ;  Lameyran  and  Fremy,  Bulletin  de 
Phannaciti  vol.  i. 

(1097.)  F€eces.  Excrementitious  matter  rejected  from 
the  system  as  not  affording  nutriment.  See  J*— — luia. 
An.  de  Ch.  vol.  Ixi.  Of  animals,  Fourcrov  and  Vau- 
quelin, An.  de  Ch.  vol.  Ivi. ;  Vauquelin,  Ibid.  vol.  xxix. ', 
Proust,  An.  de  Ch.  et  Ph.  vol.  xiii. 

Solid  Parts  of  Animals. 
.   (1098.)  Cerebral  Matter.    This  constitutes  the  brain , 
spinal  marrow,  and  nerves  of  animals.    See  Vauquelin, 
An.  Phil.  vol.  i. 

(1099.)  Skin.  This  consists  of  three  distinct  layers. 
The  exterior  is  the  epidermis,  or  cuticle ;  the  central  is 
the  rete  mucosum ;  and  the  interior,  which  covers  the 
muscles,  is  the  true  skin.     See  Johnson*  An.  Ch.  vol.  i. 

(1100.)  Tendons,  Membranes,  and  Ligaments.  These 
seem  to  consist  almost  entirely  of  gelatine. 

(1101.)  fVool,  Feathers,  and.  Hair  appear,  from  the 
experiments  of  Vauquelin,  to  contain  a  peculiar  Animal 
substance,  with  oil,  sulphur,  silica,  iron,  phosphate,  and 
sulphate  of  lime. 

(1102.)  Horn.  The  hoofs  and  nails  of  animals  con- 
sist chiefly  of  gelatine,  with  a  matter  analogous  to 
coagulated  albumen. 

(1103.)  Muscle.  This  the  flesh  is  chiefly  fibrin  ;  but 
besides  small  portions  of  other  ingredients,  it  contains  a 
peculiar  substance  csAXed.  osmazome ;  this  produces  the 
odour  and  nutritive  portion  of  soups. 

(1104.)  Bone,  Teeth,  and  ShelL  Bone  consisto  of 
a  cartilaginous  mass,  rendered  solid  by  interposition  of 
earthy  matter  and  gelatine.  The  earthy  matter  is 
chiefly  phosphate  and  carbonate  of  lime.  Teeth  and 
ivory  seem,  by  the  analysis  of  Allen  and  Pepys,  to 
eontain  a  much  larger  proportion  of  earthy  substance. 


and  less  soluble  matter.    Hie  shell  of  eggs,  crabs,   h 
lobsters,  and   star-fish  consists  chiefly  of  carbonate  of  ^^ 
lime,  with  a  little  phosphate  and  Animal  matter.    la 
the  shells  of  oysters  and  ordinary  MoUuscOy  the  phos- 
phate of  lime  is  absent. 

Glandular  and  Memhranous  SecretioTti. 

(1105.)  Lymph.  A  colourless  and  transparent  I^Qid 
which  circulates  through  a  certain  order  of  Trmrh, 
which  seem  to  commence  near  the  extreme  rami ficatiois 
of  the  arteries,  and,  uniting  to  form  larger  channdi^ 
return  the  lymph  into  the  thoracic  duct  See  Branded 
Phil  Trans.  1812;  Leuret  and  LasfMUgne«  Jour,  it 
Ch.  MSd.  vol.  i.  p.  155. 

(1 106.)  Synovia.  A  Liquid  secreted  by  a  system  of 
glands  for  the  purpose  of  lubricating  the  jointly  sod 
the  ligaments  uniting  them.  See  Margueron,  An,  it 
Ch.  vol.  xiv. ;  Vauqti^in,  Jour,  de  Phar.  vol.  iii. 

illOl. y  Feetal  Liquids.  These  Fluids  are  contaiiMd 
within  the  respective  membfcnes  surroundiiig  the/ate 
The  exterior  being  the  cAonoTi,  the  intermediate  oiette 
aUanJtois,  and  the  interior  the  amnios.  See  Duloog  mi 
Labillardiere,  ProcSs-Verbal  de  la  Stance Publiqueds 
VEcole  d'Alfbrt,  1817;  Lassaigne,  An.  deCh.et  Pi 
vol.  xvii.  p.  295. 

(1108.)  Humours  of  the  Eye.  Of  these  there  ue 
three :  1st,  the  aqueous,  in  the  anterior  chamber  be- 
tween the  transparent  cornea  and  the  iris,  and  also  is 
the  posterior  chamber  between  the  iris  and  the  crytfil- 
line  lens ;  2dly,  the  crystalline  lens  itself;  and  3dly,tk 
vitreous  humour,  occupying  a  considerable  qpace  st  the 
back  of  the  crystalline  lens.  See  the  experiments  of 
Cbenevix,  Nicolas,  and  Berzelius,  BibL  BriL  vol.  liv.; 
An.  de  Ch.  vol.  liii.  p.  807,  vol.  Ixxxvji.,  and  Ixxxviii. 
p.  IdS. 

(1109.VTeaiv.  A  limpid  Fluid,  analysed  by  MX. 
f^;:r:,.tiy  and  Vauquelin,  Atu  de  Ch.  vol.  x.  p.  113. 

(1110.)  Animal  Mucus.  This  Liquid  is  not  ooofiiHd 
to  any  particular  part  of  the  body,  nor  is  it  secreted  by 
any  perceptible  glandular  tissue,  but  the  secretion  takei 
place  at  the  surface  of  all  mucous  membranes.  It  ii 
most  abundant  in  the  nose,  mouth,  ossophagrus,  stomadi. 
intestines,  urinary  passages,  &c.  See  Fourcroy  and 
Vauquelin,  An.  de  Ch.  vol.  Ixvii.  p.  26;  Beradioii 
Ibid.  vol.  Ixxxviii.  p.  113. 

(1111.)  Perspiration.  The  Fluid  issuing  firom  the 
system  under  this  name  is  at  all  times  passing  ofl^  but 
sometimes  as  a  vapour,  when  it  is  called  the  insenii* 
ble  perspiration  ;  at  other  times  in  such  quantities  as  to 
collect  in  moisture  on  the  surface,  when  it  is  called 
sweat  See  Berzelius,  An.  de  Ch.  vol.  Ixxix.  p.  20 ; 
Seguin,  Ibid.  vol.  xc.  p.  14. 

(1112.)  Milkt  a  Fluid  secreted  by  approprisle 
glands  in  animals  of  the  class  Mammalia,  and  deangned 
for  the  sustenance  of  their  young,  contains  three  distinct 
proximate  principles,  the  cream,  curd,  and  whey.  See 
Scheele,  Mim.  vol.  ii. ;  Fourcroy  and  Vauquelin,  Mim. 
de  VInstitut,  vol.  vL  p.  22. 

(1113.)  Spermatic  Fluid.  For  analyses,  Ac,  see 
Jour,  de  Phys.,  Jan.  1784,  p.  437  ;  Vauquelin,  JUd. 
p.  58.  sem.  2.  1791 ;  Spallanzani,  Tradjs^  1799 ;  Vaa- 
quelin.  An.  de  Ch.  vol.  ix.  p.  64  ;  Prevost  and  Dumai^ 
An.  de  Hist  Nat.  vol.  L  p.  167,  274 

Concretiom  found  in  the  Animal  System,  and  all  rautt- 
ing  more  or  less  from  diseased  Action. 

(1114.)  Biliary.    Gall  stones,  as  they  are  called,  are 
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concretions  formed  in  the  ^11  bladder,  and  found  there 
or  in  the  biliaiy  ducts,  where  they,  at  time!=^,  produce 
serious  ertects.  See  Thcnard,  Mvm.  cTArcueil,  vol.  i, ; 
Orfila,  Aji,  de  Ch.  vol.  Ixxxiv.  p.  34  ;  Caventoti,  Jour, 
de  Phar,  voh  iii.  p.  369;  Chevrenl,  Jour,  of  Science^ 
¥oL  xviii,  p.  403 ;  Johnson^  An,  Ch,  vol.  ii. 

(1115.)  Uritmry,  From  the  constituent  principles  of 
the  urine  these  calculi  are  separated  either  in  the  kid* 
neys  primarily,  or  in  Ihe  bladder  by  deposition  upon 
«ome  nucleus.  They  exist  also  in  the  prostate  gland, 
which  in  such  cases  is  probably  the  seat  of  their  origin. 
On  this  important  subject  consult  Scheele's  Emays ; 
Wollaston,  FhiL  Tram.  1797  and  1810  ;  Foufcroyand 
Vauqnelia,  Mem,  detliuL  vol,  ii,  p.  112;  An.  de  Mus, 

I  Nat  vol  i.  p.  93 ;  Pearson,  Phil,  Trans,  179S  ;  Brande, 
Phil,  Tram,  1802  ;  Marcet,  Essay  on  the  Chemical  His- 
tory and  Medical  Treatment  of  Calculous  Disorders, 
1817  ;  Front,  Inquiry  into  the  Nature  and  Trealmetd 
cf  Gravely  Calatlus,  ^c,  2d  ediL  1825;  Henry,  An, 
Phil,  vol.  XV,  p.  107, 

(1116.)  Arthritic,  These  calcnli  are  formed  chiefly 
at  the  joints  of  grouty  individuals.  See  Wollastoii, 
Phil,  Trans,  1797 ;  Vogel,  Bultdin  de  Pharmacies  vol. 
iii.  p.  5€8  ;  Laug^ier,  Jour,  de  Chim,  Med,  vol.  i.  p.  0. 

(1117.)  Salivary,  Concretions  occur  in  the  salivary 
glands.  Those  examined  are  chiefly  from  the  larg^er 
animals.  See  Lassaigne,  An,  de  €h.  et  Ph,  vol.  xxx. 
p,  332  ;  Jour,  de  Pharm,  vol.  lii.  p»  20B ;  Laugier, 
Jour,  de  Chim,  Mhd,  vol.  ij.  p.  105, 

(1118.)  Pancreaiic,  Calculi  have  been  found  in  the 
pancreas,  but  their  nature  is  almost  unknown, 

(1119.)  Pineal,  In  the  pineal  gland  very  small 
calculi  are  frequently  met  with  ;  accordiJig  to  Vauque^ 
lin,  they  contain  phosphate  of  lime  and  animal  matter, 

(1120.)  Pulmonary,  I'ourcroy  has  meuiioned  these 
calculi  as  found  in  the  lungs  of  old  persons,  especially 
of  those  suhject  to  arlhritie  formations ;  and  he  states 

ttbat  they  are  sometimes  expectorated  in  small  fragments, 
(1121.)  Intestinal,  Concretions,  sometimes  resulting 
from  the  intertexture  of  indigestible  substances,  and 
sometimes  from  the  true  deposition  of  calculous  matter, 
are  described  by  the  following  authors.  Fourcroy  and 
Vauquelin,  Mem.  du  Mus.  dili^L  Nat,  vol  iv,  p.  329 ; 
Marcel,  op,  ciL  ;  Braconnot»  An,  de  Ch.  et  Ph,  vol.  xx. 
p.  194 ;  Robert,  Jour,  de  Phar.  voL  vii.  p.  lOl ;  Las- 
saigrne.  Jour,  de  Chim,  Mhd,  vol  iii,  p.  119  ;  Dublanc, 
Ibid.  p.  496. 


CHAPTER  III, 
Functions  of  Animal  and  Veoetablb  Lipi. 


Animal  Life, 


I  (1122.)  The  changes  produced  upon  the  rarioua 
substances  employed  for  the  support  of  life  are  mainly 
connected  with  physiological  researches,  but  to  such 
researches  Chemistry  lends  an  important  and  even 
necessary  assistance.  Food  and  air  are  essentia!  to  the 
continuation  of  vitality.  The  former  undergoes  mas- 
tication, is  mixed  with  saliva,  and  then  descends  into 
the  stomach.  It  is*  there  acted  upon  by  the  gastric 
juicep  ajid  the  mass  is  termed  chyme.    Hie  changes 
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produced  upon  the  food  during  the  process  of  digestion 
have  exercised  the  ingenuity  of  many  physiologists. 
Among  the  most  recent  and  most  remarkable  dis- 
coveries, is  that  made  by  Dr.  Front,  and  published 
in  the  Philosophical  Transadionn  for  1924,  of  the 
production  of  hydrochloric  Acid  during  this  process. 
Passing  thence  into  the  intestines  the  bile  and  pancreatic 
juice  are  added  to  it.  Here  it  is  separated  into  excre* 
mentitious  matter  to  be  rejected  from  the  system,  and 
chyle  to  be  absorbed  by  a  peculiar  set  of  vessels  and 
applied  to  nutritive  purposes. 

From  this  period  the  chyle  forms  a  part  of  the  circu- 
lating system.  From  the  lacteai  vessels  it  is  poured 
into  the  thoracic  duct,  but  whether  in  the  process  it  un- 
dergoes any  further  change  is  not  certain.  By  the 
thoracic  duct  the  chyle  is  conveyed  to  the  larger  veins 
proceeding  to  the  heart;  the  blood  is  thence  trans- 
mitted to  the  lungs  where  the  essential  process  of  aera- 
tion takes  place*  It  is  then  returned  to  another  cavity 
of  the  lieart,  frtim  whence  it  is  propelled  through  the 
arterial  system  to  the  utmost  eittremities  of  tlie  frame* 
and  having  there  supported  and  excited  all  the  func- 
tions of  vitality  in  every  organ,  it  is  returned  again  by 
the  veins  to  be  mixed  with  fresh  supplies  of  energetic 
matter,  and  again  diifused  throughout  the  body. 

The  changes  produced  upon  the  blood  by  its  passage 
through  the  lungs  have  formed  the  subject  of  numerous 
experiments.  It  seems  well  established  that  among 
these  tbe  absorption  of  oxygen  is  most  important  and 
extensive.  Hence  the  necessity  of  the  presence  of  oxy- 
gen Gas  in  air  to  fit  It  for  respiration ;  and  tlie  diminu- 
tion of  that  element  which  is  found  to  take  place  in  air 
that  has  undergone  the  process.  Besides  that  portion 
of  oxygen  which  goes  to  aerate  the  blood,  and  to  pre- 
pare  it  for  the  arterial  circulation,  another  portion  ii 
converted  into  carbonic  Acid  Gas,  and  emitted  with  the 
aerial  mass  that  is  returned  into  the  atmosphere  by 
expiration* 

Ve^eiahk  Life. 

(1123.)  The  germination  of  a  seed  is  the  first  step 

towards  Vegetable  life.  The  seed  itself  consists  of  a 
cuticle  enveloping  the  gerrn^  and  the  cotyledons,  or 
seed-lobes.  The  germ  consists  of  the  radicle  and  the 
plumula.  Moisture,  air,  and  a  certain  degree  ol  heat  are 
requisite  for  vegetation.  The  heat  must  exceed  32^ 
Fahrenheit,  and  must  not  reach  that  of  boiling  water. 
Light,  which  is  of  first-rate  importance  to  the  growing 
plant,  is  injurious  to  germination.  This  process  con- 
sists in  the  developement  of  the  parts  already  named. 
The  radicle  descends  into  the  earth  in  search  of  nutri- 
ment ;  the  plumula  expands  into  the  stem  and  first 
eJemcuts  of  the  future  tree ;  the  cotyledons  afford  nutri- 
ment in  the  early  stages  of  vitahty. 

The  process  of  Vegetable  assimilation  is  this.  The 
root  absorbs  moisture  and  soluble  Vegetable  matter,  the 
food  of  the  plant.  The  juices  so  imbibed  are  carried 
up  through  certain  vessels,  and  spread  by  ramifications 
throughout  the  leaves,  which,  acting  as  aerating  sur- 
faces, or  lungs,  prepare  the  juices  for  strict  assimilation. 
The  juices  are  then  transmitted  to  the  proper  vessels, 
returned  through  the  inner  bark,  and  thence  employed 
in  the  increase  of  the  plant.  lu  these  juices  the  pecu* 
liar  properties  of  each  plant  chiefly  reside. 
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CHEMI0A3b  AnALYSIB.      CONNBCTiaN  WITB   MiVEtLAJAHK. 


Chemistry. 


(1124.)  The  object  of  Chemical  analysis  is  the  sepa* 
ration  of  all  compound  bodies  into  their  proximate  or 
ultimate  elements.  For  this  purpose  the  first  step  is 
the  application  of  tests  for  the  purpose  of  ascertaining 
what  the  substance  before  the  analyst  maybe,  and  what 
elements  enter  into  it*  composition.  When  the  pre- 
sence of  certain  elements  are  ascertained,  it  becomes 
necessary  to  devise  processes  by  which  each  of  these 
may  be  separated  from  the  rest  and  its  quantity  ascer- 
tained. The  meeting  with  a  substance  no  longer  capa- 
ble of  qualitative  division,  and  differing  in  properties 
from  all  substances  previously  known,  is  the  discovery 
of  a  new  element,  and  forms  one  of  the  highest  rewards 
to  the  industry  of  the  analytical  Chemist.  To  enter 
upon  these  branches  of  the  subject,  even  in  abstract, 
would  extend  far  beyond  the  limits  to  which  we  are 
confined.  On  the  subject  of  tests  the  reader  will  fitid 
Payen  and  Chevallier,  Traiti  des  Rkactifi^  valuable 
guides.  On  the  subject  of  analyus  he  will  do  well  to 
consult  the  last  Volume  of  M.  Thenard's  Traiti  de 
Chimie,  or  a  translation  of  it  by  Mr.  Children.  Most 
important  information  will  always  be  obtained  by  con- 
sulting the  numerous  andyses  in  the  periodica)  Trans- 
actiom  and  Journals. 

It  has  not  been  unusual  in  Treatises  on  Chemistry  to 
insert  descriptive  catalogues  of  mineral    substances. 


With  such  a  plan  we  should  not  eoneiir  even  if  oar  h 
limits^  permitted ;  for  it  would*  seem  that  by  so  Ma^  ^ 
the  respective  boundaries  of  Mineralogieri  and  Che> 
mica!  Science  are  confounded.  Ills  the  proffMBeef  ^ 
Mineralogist  to  describe  Ae  sobsOHioes  with  wM 
be  may  meet  according  to  aH  those  ejttetusi  sad  pkf- 
sical  characteristics  by  which  minends  ate  dfatia- 
guished  from  each  odfier.  ftt  some,  but  in  refyfcv 
eases,  Chemistry  has  made  a  fbfther  separatimi ;  liit 
in  all  cases  the  history  of  a  mineral  is  ineemplete  ariw 
also  its  Chemical  analysis  be  given.  TIhb  it  is  the  pro- 
vince of  the  Chemist  to  fbmisl^  Thus  the  full  deserip- 
tion  of  the  mineral  results  from  the  applicadoii  of  t«s 
distinct  branches  of  Science,  generally  mere  or  Im 
united  among  the  attainments  of  ttie  same  infividnl 
but  not  essentially  coexistent.  It  would  not  be  dSflkrft 
to  name  Chemists  of  first-mte  excellence  wlio  are  Mt 
Mineralogists  j  nor,  on  the  contrary,  to  poiat  eat  sHe 
Mineralogists  who  are  utterly  incovnpetevrt  to  the  mi- 
lysis  of  tile  mineral  they  describe.  UnquestionaUytk 
wants  of  the  Mineralogist  frequently  demand  the  c» 
ployment  of  the  skill  of  the  Chemist,  but  the  Cheined 
examination  of  any  substance  artificially  prepared  od 
placed  before  him,  is  as  justly  the  task  of  the  latter, 
that  of  the  native  produce  of  the  rock  and  the  ««» 
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PART  V. 

Collection  of  Tables. 


PtttV. 


TABLE  I. 

Table  cfthe  Specific  Gravity  of  Oam.    See  (75.) 

(From  Ueory's  EkmenU.) 

Bferometer  3!(P,  Thtrmometer  60°  Fahrenheit. 


Kof  GMei. 


Atmosphnie  air ... , 

Ditto , 

Simpie  Qatet, 

Oxygen 

IMtto... 

Ditto. 

Chlorine • . . . 

Ditto 

Iodine  (fapour)  • . . , 

Ditto 

Hydrogen 

Ditto. 


Nitrogen 

Ditto 

Carbon  Cvapour) 

Suli)hiir  (ditto) 

Phosphorus  (ditto) 

Cfnptnmd  CombuMHUc, 

Ammonia 

Ditto 

Ditto 

Carburetted  hydrogen. . . 

Ditto .\..: 

OleBant 

Ditto 

Phosphuretted  hydrogen  . 
Bihydrugurei  of  phosphor. 
Sulphuretted  hvdrogen . . 
Bisulphuiet  of  carbon 

(vapour) 

Arsenuretted  hydrogen  • . 

Cyanogen 

Ditto 

Ether  sulphuric  (vapour) . 
Ditto  muriatic  (ditto) . . . 
Ditto  hydriodic  (ditto) . . . 
Ditto  chloric  (ditto)... 
Alcohol  (ditto)... 

Turpentine,  oil  of  (ditto)  . 

Oxidet. 

Aqueous  vapour 

Nitrous  oxide 

Ditto 

Nitric  oxide 

Carbonic  oxide  •  • . , 
Ditto 

Acids, 

Carbonic •••., 

Ditto , 

Chlorocarbonic(phoigeiK) 
Chlorocyanic  (vapour) 

Fluobonc , , , . 

Fluosilicic , 

Hydriodic 

Hydrocyanic  •..,,... 

Muriatic   

Nitric 

Sulphurous 

Sulphuric  (vapour^  .. . 


Sf .  Gr. 


1.0000 
1.0000 

1.1088 
1.1111 
1.1026 
2.5082 
2.5000 
8.6780 
8.6111 
0.0694 
0.0688 
0.9722 
0.9760 
0.4166 
1.1111 
0.8333 

0.5960 
0.5902 
0.5912 
0.5555 
0.5590 
0.9722 
0.9804 
0.9027 
0.9722 
1.1805 


Weight  of 
100  cubic 
inches. 


QraintTroy 
30.500 
30.199 


2.6388 
0.5290 
1.8055 
8188 
2.5808 
2.2190 
5.4750 
4750 
6004 
5.0130 

0.6250 
1.5277 
1.5273 
0416 
9722 
0.9727 

1.5277 

1.5240 

3.4722 

2.1520 

2.3611 

3.611 

4.340 

0.9375 

1.2847 

3.75 

2.2222 

2.7777 


33 

33 

33 

76 

76 

244 

262 

2 

2 

29 

29 

12 

33. 

25. 


820 
888 
6-29 
.500 
.250 
.679 
.6308 
.116 
.098 
.625 
.768 
.6083 
888 
416 


AutboriUct. 


18.18 

18.003 

18.03 

16.944 

17.049 

26.652 

29.90 

27.537 

29.652 

36.007 

80.486 

16.130 

55.069 

55.473 

78.714 

67.679 

166.987 

105.257 

48.812 

152.896 

19.062 
46.597 
46.582 
31.770 
29.652 
29.667 

46.597 
46.481 

105.902 
65.636 
72.013 

110.138 

132.378 
28.572 
39.183 

114.375 
67.777 
84.698 


Sfanckburgh. 
Bmnde. 

Alien  and  P^yt. 

Hiomson. 

Berzeliusft  Dulong. 

Davy. 

Thomson. 

0«y  Lussac 

Thomson. 

Ditto. 

Benelius  &  Dulong, 

lliomson. 

Berzelius&  Dulong. 

Gay  Lussac. 

Thomson. 

Ditto. 

Allen  and  Pepys. 

Thomson. 

Berxelius.&  Dnloag. 

Thomson. 

Berzelius  &  Doloag. 

Thomson. 

Berzelius  &  Dulong. 

Thomson. 

Ditto. 

Ditto. 

Ditta 

Tromdorff. 

Gay  Lussac. 

Berzelius  &  Dulong. 

Ditto. 

Tliomson. 

Ditto. 

Ditto. 

B6ne1iui&  Dcdong. 

Thomson. 

Gay  Lussac. 

Thomson. 

Berzelius  &  Dulong. 

Thomson. 

Ditto. 

Berzelius  &  Dulong, 

Thomson. 

Berzelius  &  Dulong. 

Thomson. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Davy. 

Thomson. 

Ditto. 


**  Gay  Lussac's  Table,  which  is  more  copious,  but  in  whidi  the 
nnmben  are  not  reduced  to  a  mean  of  the  Barometer  and  Thermome- 
ter, is  copied  into  Thomson's  Annah,  vol.  ix.  p.  1 8.  A  Table,  by  Pro- 
fessor Mmecke  of  Halle,  is  inserted  in  the  Journa/  of  Semteef  vol.  iii. 
p.  4 1 5.  Dr.  Thomson's  elaborate  Paper  on  this  subject  is  printed  in 
the  XVlth  Volume  of  Annals  of  Philosophy  ;  and  Bersdius  mad 
Dulong's  in  the  XVth  Volume  oi  AH.de  Chi  et  Ph," 


TABLE  II. 

EjkhibiHng  the  Specific  GravUy  of  Muriatic  Add  cf 
determinate  Strengths. 


Atomi  of 
Acid. 

Atoms  of 
Water. 

Acid  in  100. 

SpccUlc  Gravity. 

6 

40.659 

1.203 

7 

37.000 

1.179 

8 

33.945 

1.162 

9 

31.346 

1.149 

10 

29.134 

1.139 

U 

27.206 

1.1286 

12 

25.517 

%  1.1197 

13 

24.026 

1.1127 

14 

22.700 

1.1060 

15 

21.512 

1.1008 

16 

20.442 

1.0960 

17 

19.474 

1.0902 

18 

18.590 

1.0860 

19 

17.790 

1.08-20 

20 

17.051 

1.0780 

From  Thomsou's  First  Principles,  vol.  L  p.  87. 

TABLE  IIL 

Of  the  Quantity  of  real  or  dry  Muriatic  Acid  in  100 
parU  of  the  liquid  Acid,  at  euccesnve  Specific  Gra* 
vitieB.     By  Dr.  Ure,  Tliomsoii's  Annals^  vol.  x.  p.  871 


8p.  Gr.      Arldiriloa      Sp.  Gr.      Acid  In  100.     Sp.  Gr.     AcidinliNt. 


1.1920 

1.1900 

1.1881 

1.1863 

1.1845 

1.1827 

1.1808 

1.1790 

1.1772 

1 . 1753 

1.1735 

1.1715 

1.1698 

1.1679 

1.1661 

1.1642 

1.1624 

1.1605 

1.1587 

1.1568 

1.1550 

1.1531 

1.1510 

1.1491 

1.1471 

1.1452 

1.1431 

1.1410 

1.1391 

1.1371 

1.1351 

1.1332 

1.1312 

1.1293 


28.30 

28.02 

27.73 

27.45 

27.17 

26.88 

26.60 

26.32 

26.04 

25.75 

25.47 

25.19 

24.90 

24.62 

24.34 

24.05 

23.77 

23.49 

23.20 

22.92 

22.64 

22.36 

22.07 

21.79 

21.51 

21.22 

20.94 

20.66 

20.37 

20.09 

19.81 

19.53 

19.24 

18.96 


1.1272 

1.1253 

1.1233 

1.1214 

1.1194 

1.1173 

1.1155 

1.1134 

1.1115 

1.1097 

1.1077 

1.1058 

1.1037 

1.1018 

1.0999 

1.0980 

1.0960 

1.0941 

1.0922 

1.0902 

1.0883 

1.0863 

1.0844 

1 .0823 

1.0805 

1.0785 

1 .0765 

1.0746 

1.0727 

1.0707 

1.0688 

1.0669 

1.0649 

1.0629 


18.68 
18.39 
13.11 
17.83 
17.55 
17.26 
16.98 
16.70 
16.41 
16.13 
15.85 
15.56 
15.28 
15.60 
14.72 
14.43 
14.15 
13.87 
13.58 
13.30 
13.02 
12.73 
12.45 
12.17 
11.88 
11.60 
11.32 
11.04 
10.75 
10,47 
10.19 
9.90 
9.62 
9.34 


1.0610 

1.0590 

1.0571 

1.0552 

1.0533 

1.0514 

1.0495 

1.0477 

1.0457 

1.0438 

1.0418 

1.0399 

1.0380 

1.0361 

1.0342 

1.0324 

1.0304 

1.0285 

1.0366 

1.0247 

1.0228 

1.0209 

1.0190 

1.0171 

1.0152 

1.0133 

1.0114 

1.0095 

1.0076 

1.0056 

1.0037 

1.0019 

1.0000 


9.05 

8.77 

8.49 

8.21 

7.92 

7.64 

7.36 

7.07 

6.79 

6.51 

6.23 

5.94 

5.66 

5.38 

5.09 

4.81 

4.53 

4.21 

3.96 

3.68 

3.39 

3.11 

2.83 

2.55 

2.26 

1.98 

1.70 

1.41 

1.13 

0.85 

0.56 

0.28 

000 


*  Note  by  Dr.  Henrv.  The  dau  on  which  this  Table  te  founded  were 
obtained  by  tmturatlng  different  bases  with  known  qnantities  of  muriatic  Acid, 
Specific  Gravity  1.192,  and  ascertalninjr  the  weight  of  the  dry  products.  For 
example.  100  grains  of  such  Acid  gave  GI>.61  grains  of  dry  common  salt,  which, 
on  the  old  theory,  may  consist  of  S2.81  soda  +  384  muriatic  Acid,  or,  ac- 
cording  to  the  new  view,  of  2AJAA  sodium  +  8(U66  chlorine,  equivalent  to 

S.876  muriatic  Acid.  Admitting,  then,  the  data  to  be  correct,  t lie  composi- 
>n  of  muriatic  Acid  of  different  densities  will  require  the  numbers  to  be 
altered,  to  suit  the  views  of  those  who  embrace  the  new  doctrine  respecting 
chlorine.  This  may  be  done  bv  the  rule  of  proportion  t  for  as  37.S76  is  to 
7M,  so  is  any  number  beknr  38iS  in  the  Table  to  the  number  reqaired.** 
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Chemittrr.  TABLE  *IV, 

Table  of  the  Quantity  of  Oil  of  Vitriol  {Specific  Gra- 
vity 18.8485)  and  of  dry  Sulphuric  Acid  in  100 
parl8  by  weijhi  of  dih/led  Acid  at  difftrtid  densities. 
By  Dr.  Ure,  Brande's  Journal^  voL  iv,  p.  122. 


TABLE  IV. 

Mr,  Dalloni  Table  of  the  Qitantity  of  real  Acid  m  100  ^ 
parts  of  liquid  Sulphuric  Acid ;  at  the  temptrabm 

of  e(P  Fahrenheit 


Uquld. 

Sp.  On 

Dry. 

Ucjuid- 

Sp.  Or. 

Dfy. 

10€ 

1.8485 

8K54 

50 

1..3884 

40.77 

m 

1,847S 

80.72 

49 

1.3788 

39.95 

m 

1,84G0 

79.90 

48 

1.3697 

39.14 

^7 

1.8439 

79.09 

47 

1.3G12 

38.32 

% 

1.8410 

78,28 

46 

1.3530 

37.51 

95 

U8376, 
]. 63:16 

77.46 

45 

i  1,3440 

36.69 

U      1 

76, as 

44 

I  3345 

35.83 

33 

1,6290 

75.83 

43 

1.3255 

3:>.06 

92 

1,8233 

75.02 

42 

1,3165 

34,25 

91 

1,8179 

74.20 

41 

1.3080 

33.43 

90 

1.S115 

73.39 

40 

1.2999 

32.61 

B9 

1.8043 

72,57 

39 

1.2913 

31.80 

es 

K7962 

71.75 

3S 

1 .2826 

30,98 

%7 

1.7870 

70.94 

37 

1.2740 

30.17 

8$ 

1.7774 

70.12 

36 

1.2654 

29.35 

85 

1.7673 

69.31 

35 

1.2572 

28.54 

84 

1,7570 

68.49 

34 

1.2490 

27.72 

83 

1.74fJ5 

67,68 

33 

1,2409 

26,91 

82 

1.73fi0 

66,86 

32 

1.2334 

26,09 

81 

1, 71245 

S6.05 

31 

1,2260 

25.28 

80 

1*7120 

65.23 

30 

1,2184 

24.46 

79 

1-6993 

64.42 

29 

1-2108 

23.65 

78 

1,6870 

63.60 

28 

1.2032 

22.83 

77 

1.6750 

62.78 

27 

1,1956 

2-2.01 

7B 

1.6630 

61.97 

26 

1.1876 

21.20 

75 

1,6520 

61.15 

25 

1.1792 

20,38 

74 

1.6415 

60,34 

24 

1.1706 

19.57 

73 

1 .63-21 

69,52 

23 

1.1626 

18.75   1 

72 

1 .6204 

58.71 

22 

1.1549 

17.94 

71 

K6090 

57.  BO 

21 

1,14S0 

17.12 

70 

1.5975 

57,08 

20 

1,1410 

16,31 

69 

1.5868 

56.26 

19 

1,1330 

15,49 

68 

1.5760 

55.45 

18 

1,1246 

14.68 

67 

1.5648 

54.63 

17 

1,1165 

13,86 

66 

1.5503 

53.82 

16 

1J090 

13.05 

65 

1,5390 

53.00 

15 

1.1019 

12.23 

04 

1.5280 

52.13 

14 

1.0953 

1L41 

63 

1.5170 

51.37 

13 

1 ,0897 

10.60 

62 

1.5066 

50.55 

12 

U0809 

9,78 

61 

1.4960 

49.74 

11 

K0743 

8,97 

60 

1.4860 

48.92 

10 

U0682 

8.15 

59 

1.47G0 

48.11 

9 

1,0614 

7.34 

58 

1.4660 

47.29 

8 

1 .0544 

6.52   i 

57 

1 .4560 

46,48 

7 

U0477 

5,71 

56 

1.4460 

45.66 

6 

1.0405 

4.89 

55 

1  4360 

44.85 

5 

1.0-^36 

4.08 

54 

1.4265 

44.03 

4 

1.02fiB 

3.26 

53 

1,4170 

43,22 

3 

1.0206 

2,446 

52 

1 .4073 

42.40 

2 

l.UUO 

1.63 

51 

1,3977 

41.58 

1 

1,0740 

0.8154 

Atonii  9t 
Ad44-W«t«f, 

HtMl  Acid 

RoiLAckt 

B|>n:<ic 

BftiHiif 

per  cent*  by 
weight. 

tnewure. 

Oftfjiy, 

V^ 

If  0 
1  +  1 

100 

UnkoowQ, 

Unkikown. 

Uiibw»ii, 

81 

150 

LSSO 

620= 

SO 

14# 

1.&49 

605 

79 

146 

1.S48 

590 

78 

144 

1.847 

575 

77 

143 

1.845 

560       1 

76 

HO 

1.842 

545 

75 

138 

1,838 

530 

74 

135 

1.833 

5J5 

73 

133 

1.827 

501 

72 

131 

1,819 

487 

71 

129 

1.810 

473 

70 

126 

1.801 

460 

69 

124 

1.791 

447 

I   +2 

66 

121 

1.760 

4:^     1 

67 

118 

1.769 

422 

66 

116 

1.757 

410 

65 

113 

U744 

400 

64 

lU 

1.730 

391 

63 

108 

1.715 

382 

* 

62 

105 

1,699 

371 

61 

103 

1.684 

367 

60 

100 

1.670 

360 

1+3 

58,6 

97 

1.650 

350 

50 

76 

1.520 

I       S90 

40 

56 

1.408 

260 

1  +  10 

30 

39 

1.30+ 

240 

I  --  17 

20 

24         ' 

T.200 

224 

1  +  38 

10 

11 

1.10- 

218 

TABLE  V. 

Table  of  the  Precipitates  produced  by  SoiutionM  of  tie 
Hydromlphates  of  Potassa,  Soda^  and  Ammonia  wUk 
different  Saline  Solutions.     Pellctan,  Diet,  de  Ckmii. 


CoUiMr«r 

Nature  flf 

Sal  Lb 

Precipitate. 

l*t¥ripim& 

Of  Z'lTcoa 

WhittJ 

Zir^soniau 

Of  Alumma 
OfGlvLinaiUidYttrlA 
Of  allthelldCkss 

Ditto 
No  predp- 

Aliimim^ 

Ditt^j 

Of  M&uj^nete 

Dirty  white 

Ahydrosulpbaii 
or  ft  iulpburetled 
hydruiulpliate. 

Of  ZLne 

^VMte 

A  hydrosulpbite 

0£ln>ti 

Bkck 

A  hydrusidfihale 
OT&iulphurtlled 
hydroitLilpluitc. 

Of  Autimon? 
Of  Protox  ofUn 

OiiLn|T« 

l>itta. 

Chocolate 

A  liydrosulphate 

Of  D«uto3L  of  Tin 

Ydlow 

Dido. 

Of  Cddmiuni 

Ditto 

A  aulphtirtl 

Of  Arsenic 

Ditto 

Ditto. 

Of  MttlybdinuiM 

Redtlijh  brown 

Ditto. 

Of  Chrumium 

Gi««a 

Ditto, 

Of  Columbiuni 

ChocoLkte 

Ditto. 

Of  Uriuuum 

Brown 

Ditto. 

Of  Cerium 

Ditto 

Ditto,                   ; 

Of  Cobalt 

Black 

Ditto. 

Of  Titanium 

Ditto, 

Of  Bismuth 

Black 

Ditto. 

Of  Copper 
Of  Tellurium 

Ditto 

EKtto. 

Ditto 

Ehtto. 

Of  Nicktil 

Ditio 

Ditto. 

Of  Lyail 

Ditto 

Ditto. 

Of  Mercury 

Bliijtk  brown 

Ditto. 

Of  Siiircr 

BUck 

Ditto. 

Of  Pallailium 

Ditto 

Ditl^>. 

Of  Bjiljnum 

Ditto 

Ditto. 

Of  Gold 

Ditto 

Ditto. 
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TABLE  VI. 

Table  of  the  real  or  dry  Nitric  Acid  in  100  patis  of  the 
liquid  Acid  at  mccessive  Specific  Gratdtiee,  by 
Dr.  Ure,  Quarterly  Journal^  vol.  iv.  p.  297.  (Sec 
Art.  446.) 


TABLE  VIL 


Sp.OrmT. 

Add  in  100. 

Sp.  Or»T. 

AmdblOO. 

8^0rmT. 

AeidblOO. 

1.5000 

79.700 

1.3783 

52.602 

1.1833 

25.504 

1.4980 

78.903 

1.3732 

51.805 

1.1770 

24.707 

1.4960 

78.106 

1.3681 

51.068 

1.1709 

23.910 

1.4940 

77.309 

1.3630 

50.211 

1.1648 

23.113 

1.4910 

76.612 

1.3579 

49.414 

1.1587 

22.316 

1.4880 

75,715 

1.3529 

48.617 

1.1526 

21.519 

1.4850 

74.918 

1.3477 

47.820 

1.1465 

20.722 

1.4820 

74.121 

1.3427 

47.023 

1.1403 

19.925 

1.4790 

73.324 

1.3376 

46.226 

1.1345 

19.128 

1.4760 

78.527 

1 .3323 

45.429 

1.1286 

18.331 

1.4730 

71.730 

1.3270 

44.632 

1.1227 

17.534 

1.4700 

70.933 

1.3216 

43.835 

1.1168 

16.737 

1.4670 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.339 

1.3110 

42.241 

1.1051 

15.143 

1.4600 

68.542 

1 .3056 

41.444 

1.0993 

14.346 

1.4570 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1.4530 

66.948 

1.2947 

39.850 

1.0878 

12.752 

1.4500 

66.155 

1.2887 

39.053 

1.0821 

11.955 

1.4460 

65.354 

1.2826 

38.256 

1.0764 

11.158 

1.4424 

64.557 

1.2765 

37.459 

1.0708 

10.361 

1.4385 

63.760 

1.2705 

36  662 

1.0651 

9.564 

1.4346 

62.963 

1.2644 

35.865 

1.0595 

8.767 

1.4306 

62.166 

1.2583 

36.068 

1.0540 

7.970 

1.42G9 

61.369 

1.2523 

34.271 

1.0486 

7.173 

1.4228 

60.572 

1.2462 

33.474 

1.0430 

6.376 

1.4189 

59.775 

1.2402 

32.667 

1.0375 

5.579 

1.4147 

58.978 

1.2341 

31.880 

1.0320 

4.782 

1.4107 

58.181 

1.2277 

31.083 

1.0267 

3.985 

1.4065 

57.384 

1.2212 

30.286 

1.0212 

3.188 

1.4023 

56.687 

1.2148 

29.489 

1.0159 

2.391 

1.3978 

55.790 

1.2084 

28.692 

1.0106 

1.594 

1.3945 

54.993 

1.2019 

27.895 

1.0053 

0.797 

1.3882 

54.196 

1.1958 

27.098 

1.3833 

53.399 

1.1895 

26.301 

Note  by  Dr.  Henry.  "  In  tbU  Table,  the  real  Add  in  nitric  Add 
if  Spedfic  GtavitT  1 .5,  it  rated  at  4.8  per  cent,  more  than  it  con- 
Miinl  IQ  it  iicconiin|5  to  l>r.  WollMtuii  and  Mr.  PliiUips,  thf  mean 
»f  wh*wc  uumbem  i*  25.1  watt-r  +  74  J  Add  in  lOU  p^irta  of  Add  of 
bat  dfn>ify.  The  numbeni  m  the  Tuble  will,  1  IhjUbvi?,  however,  be 
«ry  naiT  th«  truth,  if  Rtluctd  at  th«  rate  of  6  per  cent  Thui  6 
ler  cent,  on  79  7  is  4.782;  and  79.7  -  4782  =  74.918,  which  ii 
eij  near  the  true  number." 


Of  the  Specific  Gravities  of  certain  atomic  Cofnhina>^ 
Ooni  6f  Nitric  Acid  and  Water^  by  Dr.  Thomson, 
FirU  Principlee^  yol  i.  p.  114.     (See  Art.  446.) 


Atoma 
of  Acid 

Atoms  of 
Water. 

Acid  in 
100. 

Spwi£e 
OnTitjr. 

1 

85.714 

1.55 

2 

75.000 

1.4855 

3 

66.668 

1.4546 

4 

60.000 

1.4237 

5 

54.545 

1.3928 

6 

50.000 

1.3692 

7 

46.260 

1.3456 

8 

42.857 

1.3220 

9 

40.000 

1.3032 

10 

37.500 

1.2844 

11 

35.294 

1.2656 

12 

32.574 

1.2495 

13 

31.579 

1.2334 

14 

30.000 

1.2173 

15 

28.571 

1.2012 

TABLE  VIII. 

Table  ejchibiiing  the  Proportion^  by  Volume^  of  AqiuouM 
Vapour  exiitifig  in  any  Gas  in  contact  with  IVoJUr 
at  the  corregponding  Ttrnperatumt  and  at  the  mean 
Barometric  PrtMure  o/30  Inches, 


40«.... 

.00933 

61".... 

.01923 

41   .... 

.00973 

62  .... 

.01980 

42  .... 

.01013 

63  .... 

.02050 

43  .... 

.01053 

64  .... 

.02120 

44  . • • • 

.01093 

65  .... 

.02190 

45  .... 

.01133 

66  .... 

.02260 

46  .... 

.01173 

67  .... 

.02330 

47  .... 

.01213 

68  .... 

.02406 

48  .... 

.01253 

69  ... . 

.02483 

49  .... 

.01293 

70  .... 

.02566 

50  ... . 

.01333 

71  .... 

.02653 

51  .... 

.01380 

72  .... 

.02740 

52  .... 

•01426 

73  .... 

.02830 

53  .... 

.01480 

74  .... 

.02923 

54  .... 

.01533 

75  .... 

.03020 

55  .... 

.01586 

76  .... 

.03120 

56  .... 

.01640 

77  .... 

.03220 

57  .... 

.01693 

78  .... 

.03323 

58  .... 

.01753 

79  .... 

.03423 

59  .... 

.01810 

80  .... 

.03533 

60  .... 

.01866 

From  Faraday  Om  MmiptUaihih  P*  ^1* 


vat 
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TABLE  IX. 

qffheSpedJkChmriJ^ofAlaholwtvtarkmDttMmtfmMim. 


100  Parts. 

1 
SpadfieOrftfitf. 

lOOParta. 

BpeetfieOrmTity. 

lOOParta. 

SpaeiAoQraTity. 

lOOPairts. 

flpccifc  Ofiffcy.  1 

Aleohol. 

Water. 

ate8» 

ae6Do 

AleohoL 

Water. 

at68o 

•iW 

Ala*M. 

Wt*. 

•l-flOa 

«t6tB 

AlaaM. 

WMv. 

w^mf^ 

alM<» 

100 

0 

.791 

.796 

74 

26 

.859 

.863 

48 

52 

.919 

.922 

23 

77 

M% 

jm 

99 

1 

.794 

.798 

73 

27 

.861 

.865 

47 

53 

.921 

.024 

E2 

78 

.970 

jn 

98 

2 

.797 

.801 

72 

28 

.863 

.867 

46 

54 

.928 

.826 

21 

79 

.971 

.973 

97 

3 

.800 

.804 

71 

29 

.866 

.870 

45 

65 

.925 

.928 

20 

80 

.973 

.974 

96 

4 

.803 

.807 

70 

30 

.868 

.871 

44 

56 

.927 

.930 

19 

81 

.974 

.975 

95 

5 

.805 

.809 

69 

81 

.870 

.874 

43 

57 

.930 

.933 

18 

82 

.976 

94 

6 

.808 

.812 

68 

32 

.872 

.875 

42 

58 

.932 

.935 

17 

83 

.977 

93 

7 

.811 

.815 

67 

83 

.875 

.879 

41 

S9 

•934 

.937 

16 

84 

.978 

92 

8 

.813 

.817 

66 

34 

.877 

.880 

40 

60 

.936 

.939 

15 

85 

.980 

91 

9 

.816 

.820 

65 

35 

.880 

.883 

39 

61 

.938 

.941 

14 

86 

.981 

90 

10 

.818 

.822 

64 

86 

•882 

.886 

38 

62 

•940 

.943 

13 

87 

.083 

89 

11 

.821 

.825 

63 

87 

•885 

.889 

37 

63 

.942 

.946 

12 

88 

.985 

88 

12 

.823 

.827 

62 

88 

.887 

.891 

36 

64 

.944 

.947 

a 

89 

.986 

87 

13 

.826 

.830 

61 

89 

.889 

.893 

35 

65 

.946 

.949 

10 

90 

.967 

86 

14 

«828 

.832 

60 

40 

.892 

.896 

34 

66 

.948 

.951 

9 

91 

.988 

85 

15 

.831 

.835 

59 

41 

.894 

.898 

33 

67 

.950 

.953 

8 

92 

.980 

84 

16 

.a34 

.838 

58 

42 

.896 

.900 

32 

68 

.952 

.955 

7 

93 

.991 

83 

17 

.836 

.840 

57 

43 

.899 

.903 

31 

69 

.954 

.957 

6 

94 

.998 

8S 

18 

.839 

.848 

56 

44 

.901 

.904 

30 

70 

.956 

.958 

5 

96 

.994 

81 

19 

.842 

.846 

55 

45 

.903 

.906 

29 

71 

.957 

.960 

4 

96 

.995 

80 

20 

.844 

.848 

54 

46 

.905 

.908 

28 

72 

•959 

.962 

3 

97 

.997 

79 

21 

.847 

.851 

53 

47 

.907 

.910 

27 

73 

.961 

.963 

2 

98 

.998 

78 

22 

.849 

.853 

52 

48 

.909 

.912 

26 

74 

.963 

.965 

1 

99 

.999 

77 

23 

.851 

.855 

51 

49 

.912 

.915 

25 

.    75 

.965 

.967 

0 

100 

1.000 

76 

24 

.853 

.857 

50 

50 

.914 

.917 

24 

76 

.966 

.968 

75 

25 

.856 

.860 

49 

51 

.917 

.920 

* 

■  Thb  Tkbk  if  by  Lowiti,  Crell'B  An.  1796,  voL  i.  p.  202 :  the  column  for  temperature  60^  is  a  convenient  addition  bv  Dr.  Thomson.  Fv 
more  eitensive  TUjIcb,  see  Blagdeo,  Pk,  Tr,  1790,  and  Gilpin,  Ph.  Tr.  1794.  Gilpin  considered  hm  gtrongest  alcohol  of  .825,  tempcnm 
60",  to  consiit  of  100  parts  of  alcohol,  Specific  Gravity  814,  4^  4.5  of  water.  See  also  Tsalles,  Mim.  Aofki,  BtroL  ISll,  or  Gilbut'i  Ji- 
naien^  vol  nxvSu.  p.  369. 


TABLE  X. 

Table  for  reducing  the  Degrees  ofBaumes  Hydrometer  to  the  common  Standard, 


Baume's  Hydrometer  for  Liouids  lighter  than  Water. 
IVmperature  55**  Fahrenheit,  or  10°  Reaumur. 

Tamperatore  55°  Fahreidieit,  or  10°  Reaumur. 

Degw    Sp.  Gr. 

Deg.      Sp.  Gt. 

Def.      Sp.  On 

Def .      Sp.  Gr. 

Deg.    8p.0r. 

Deg.      Sp.  Or. 

Deg.      Sp.  Gr. 

Deg.      Sp.Gr 

10.  1.000 

18...   .942 

26...   .892 

34.,    .847 

0.    I. 000 

21..   1.170 

42..    1.414 

63.  1.779 

11..    .990 

19...    .935 

27...   .886 

35..   .842 

3.  1.020 

24..   1.200 

45..    1.455 

66.   1.&4S 

12..    .985 

20...    .828 

28...    .880 

36..    .837 

6.   1.040 

27..   1.230 

48..   1.500 

69.   1.9J0 

13..   .977 

21...    .922 

29...   .874 

37..   .832 

9.   1.064 

30..   1.261 

51..    1.547 

72.  2.000 

14..    .970 

22...   .916 

30...   .867 

38..    .327 

12.   1.089 

33..  1.295 

64..  1.594 

15..    .963 

23...   .909 

31...   .861 

39..    .822 

15.   1.114 

36..   1.333 

57..    1.659 

16..    .955 

24...   .903 

32...   .856 

40..   .817 

18.  1.140 

39..   1.373 

60..  1.717 

17..    .949 

25...   .897 

33...   .852 
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TABLE  XL 
TiOk  of  the  Pnptitim  oftke  Mdak. 


Nam*. 

WhandisooYend. 

By  whom. 

Colou. 

Qrmkf. 

""SS^t 

Sealeof 
dactl. 
lity. 

S«aI«of 
malles- 
biUty. 

Teaaeitj. 

BaHoof 
hardMM. 

Gold 

.... 

19.857 

%237 

1 

1 

68.216 

8 

SlT«r 

.. .  • 

White. 

10.474 

a€77 

2 

2 

85.062 

6 

Iron 

Known  from 

• «  •  • 

Bhie-grey. 

7.788 

17977 

4 

8 

269.6&9 

3 

Copper.... 

the  earliest 

•  • . . 

Red. 

8.895 

4ft87 

5 

3 

U7J{99 

5 

Mercury. .  • 

ages. 

. .  • . 

WhHB. 

lS.56a 

—89 

, . 

•• 

»««• 

None. 

Lead./..., 

■  • . . 

BhA 

11.3M 

594 

a 

6 

••■•* 

M 

lin J 

.  •  •  • 

White. 

7.291 

448 

7 

4 

24.206 

12 

Xbac •  •• 

1541 

PanuTeboi. 

BhnslHfliitCb 

6.661 

760 

6 

7 

12.720 

9 

Bkmuth 

1520 

Asrricola. 

xellowislHivliilB. 

9.882 

476 

*• 

,^ 

•••• 

7 

Aatimouy. .  • . 

XVth  Cent 

B.  Valent 

BhiislMrhite. 

9.708 

988 

• . 

••* 

*mmm- 

LO 

Arsenic 

1723 

Brandt 

Grey. 

6.308 

•  «  a 

, , 

«4 

»V«  0- 

13 

Cobalt 

, , 

Ditto. 

Grey-witKv. 

8.588 

16677 

,, 

•  • 

••t-0  m 

U 

Flatinuni. .... 

1741 

Wood. 

Bluish-white. 

21.600 

G.  B.  P. 

3 

5 

184«666 

4 

Nickel 

1751 

Croustedt 

White. 

8.879 

81877 

9 

9 

•  tmrn 

••• 

Manganese. . . 

1774 

Scheele. 

*.856 

Dkto. 

•■• 

•♦ 

•  •  ..• 

8 

Tungiiten  .... 

1781 

D'Elhuyait 

. .  •  • 

17.669 

G«  B.  P. 

•  • 

•  • 

•  ••« 

1 

Tellurium.... 

1782 

MuUer. 

.... 

6.115 

.... 

•  • 

• . 

•  •  «  . 

.• 

Ditto. 

Hjelm. 

Grey. 

7.460 

G.B.P. 

, , 

•• 

»««• 

»• 

Titvuum.. .  • . 

1781 

Gregor. 

RedL 

.... 

Ditto. 

•  • 

••• 

•     •• 

•• 

1789 

Klaproth. 

Grey. 

9.660 

Ditto. 

, , 

•  • 

«••• 

•• 

Chromium . . . 

1797 

Vauquelin. 
Hatchett 

..  •• 

.  • . . 

Ditto. 

.. 

. . 

««  •« 

•  • 

Columbium.. . 

1802 

.... 

.... 

Ditto. 

,, 

,, 

••»•  . 

•  • 

Palladium...  . 

1803 

WoUasttm. 

11.300 

»«  a  • 

10 

10 

.... 

1 

Rhodium. .... 

Ditto. 

Ditto. 

Greyish-white. 

•n».  . 

G.  B.  P. 

, , 

, , 

• . 

Annium* ..... 

Ditto. 

Deecotils. 

.... 

•  •  •  • 

Ditto. 

, , 

•  • 

.... 

, , 

Onmum 

Ditto. 

Tenant 

Bluish-Uack. 

•  •  •• 

.... 

.  • 

• . 

•  .  •  . 

•  • 

Cerium 

1804 

Berzelius. 

Grey.white. 

G.  B.  P. 

•  t 

.... 

, , 

Potassium. . 

Ditto. 

6*.865 

136 

, , 

, , 

.... 

100 

Sodium. . .  • 

Ditto. 

0.972 

194 

»• 

•  « 

a  .  •  . 

100 

Barium. .  •  •   > 

1807 

Da/y. 

• . « » 

•  •  •  • 

.  .•  • 

, , 

.  • 

•  .  •  • 

.  • 

Strontium. . 

• .  •  • 

•  •  •  • 

.... 

•  • 

•  • 

•  •*. 

•  • 

Caldum...    J 

• .  *  • 

•  • . . 

•  • . . 

•  • 

•  • 

.... 

•  • 

Cadmium..   . 

1818 

Stromeyer. 

White. 

8.604 

.... 

11 

11 

•  .  .  • 

•  • 

Lithium  •  • .  * . 

1818 

Aifvedson. 

• .«. 

•••• 

•• 

•• 

.... 

•  • 
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TABLE  XII.     The  Atomic  Weights,  Constitutions,  &c.  of  Bodies. 

The  following  Table  serves  partly  as  a  reference  by  which  to  find  any  substance  mentioned  in  this  Treatise.  In  thus  emplojiag  ft, 
the  leader  will  be  immediately  btruck  with  the  very  General  and  limited  nature  of  the  description  of  each  individual  sobctance,  wliidit 
is  possible  to  convey  in  a  Treatise  of  this  extent ;  out  with  this  unavoidable  disadvantage,  the  uniW  of  method  is  preeerred,  tad  ^ 
outline  of  a  plan  for  what  may  be  enlarged  by  any  one  into  a  jnore  ample  Treatise  is  developed.  The  Table  is  also  dfrsicned  to  ikst 
the  state  of  our  knowledge  with  regard  to  the  combining  proportions,  or  our  belief  respecting  the  atomic  constitutaon  u  mtrtnc. 
The  nomenclature  made  use  of  has  oeen  already  explained  m  Art  (110.),  (1 1 1 .),  and  (1 12.)  It  poeiesMs  the  foltowing  advantagCL  Is 
Oxides,  Iodides,  Chlorides,  Sulphurets,  Salts.  &c.  it  invariably  employs  such  a  name  as  will  point  out  at  once  the  deme  of  oxidatioi,tc. 
lu  all  Salts  it  points  out  with  {vecision  the  atomic  proportion  between  the  Acid  and  the  base ;  and  also  the  degree  m  osj^enslMi  of  th 
base.  The  Greek  prefixes  Prot-,  Deut-,  Trit-,  TetarU,  &c«  are  solely  confined  to  the  degpree  of  oxygenatioii ;  while  m  fiie  UUi^ 
Sulphurets,  &c.  bi-,  ter-,  quater-,  &c  are  emplo^red  as  in  the  case  of  Ssuts  stated  in  the  Paradigma.  (111.)  Tlie  piraekical  ntematf  k 
this  will  be  found  by  any  one  who  shall  try  to  interchange  these  two  terms ;  and  it  is  from  such  compulsion  that  we  dmgtai,  6im  m 
original  desigpi  mentioned  in  (111.),  of  applying  these  Gh«ek  terms  to  the  Chlorides,  Sulphurets,  ftc.  Our  nomcndatan teiM^ 
however,  extend  to  a  descripbon  of  thie  water  m  eadi  Salt. 

It  may  be  o^ected  that  these  descriptive  names  are  inconveniently  long ;  let  us,  therefore,  fairiy  examine  one  or  two  of  Am  Immi 
names  in  the  foUowing  Table,  and  inqmre  whether  the  advantage  of  a  true  atomic  dmcription  is  not  sufficient  to  josti^  the  diaagi.  ih 
following,  for  example,  is  the  strongest  case  that  could  be  proposed  against  us.    Persesquisulphate  of  iron  is  called  HemKdi 
bisulphate  of  Iron.    The  word  Persesquisulphate  implies  that  the  Salt  contains  the  Peroxide  of  Iron,  out  then  we  know  not  the  ] 

between  the  atoms  of  Iron  and  of  Oxy —      ^-  ° *  —  ' xi___ii„  av_x  xi. —  i_  i. * 1    *  _j  it  .* 

only  tiiat  there  is  half  as  much  more  . 

we  take  the  Greek  commencement  of  t 

From  tlie  next  portion  aemi-bi'  we  learn  that  the  Salt  contains  Add  1|  atom  4"  base  1  atom,  and  from  Uie  reooainder  of  ttie  woii  h 

nature  of  the  Acid  and  of  the  base  are  obvious. 

Deuto-semi-bisulphate  of  Uranium  may  be  similarlv  analysed,  and  will  be  found  equally  cxplanatoiv ;  while  Sulphate  of  Vamii 
the  conunon  name,  neither  expresses  the  cbgree  of  oxidation  of  the  Metal,  nor  the  atomic  constitution  of  the  Salt. 

The  less  important  cUsses  of  Salts  are  not  given  at  length  for  want  of  space.  A  valuable  Table  of  Double  Salts  ghren  m  Thmtti 
FrVf/  Priitaplei  is  omitted  for  the  same  reastJU, 

The  mwin  authority  iwlmitt^d  for  the  following  Table  is  TTie  FirMt  PrinfipkM  of  Df.  Thomson :  this  Wotk  has  been  eoiplo|'ed  wlmv 
it  wa^  avuikble.  li  wus  ^  lint  deaign«d  to  citu  the  exact  authority  for  every  number  here  inDtidt^  but  here  also  our  unavoidaUt  H 
of  S|>4ice  have  checked  us.  Hydro;gvii  in  the  unit  to  which  aU  other  atomic  weights  are  reft;m-d ;  but  shuidd  any  one  pref^  ^  m0^ 
seaW,  it  k  em^  to  divide  oU  the  numbers  by  S.  In  the  column  headed  Hiaic^  S  means  solid.  L,  Li(|iid,  6,  a  Gas^  V,  vapcor.  C^^ 
talliied.    H,  hydrous.     A,  anhydrous. 


AlaiQinSt  A.e«taLc  of* . 


AuiQABia,  A  Of  tats  of. ... . 


BAi7ts,A«etatiof.. 


CkEJ 


c&e: 


cMn, 


Csdjniuni,  Fratsiettatfl  of* 

DiT  fii,  ^Tol  ftt'ftritii'din  s«r.or| 

Bhta,  PnnodiiasKUto  of 
DUto^  Pivii»(rlDAHt»(fl  of, 

I  rot*,  FrotMttfctt  «f 

hoA^VratutHtt  of. 
Dittos  FrotiHlliiuet,  of. . , 
Dilto,  Proto-lriaacel*  of . . 
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l}iU9f  0icl»l«nil«  of  .  <  t  P 

Ditto,  BicU«n4* «(.,.. 
Inn.  Ghloridi  of  .»,.** , 


'iAilt*^  BWIibride  of  (Cor- 
TQii  ve  3  ablinkto) « « . « ■ 

Ki«1it1,  Cyondt  of**.*., 

PBUBdtim,  Cyoridfl  ol^  > 

FlilkiiDr  GbJofiil«  «C .  •, 
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Focinivm,  CUvrida  of  *. 
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Ok,  of  Cobalt  .*. 

Wiier 

CKronkAcid  ... 

Frutox.  Gopnrr.  . 

Water.......... 

Cb nolle  Amd  . .  < 
Pwto*.  X«jid  * . . . 
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Cbfla .«...,,,,. 
Cli^in*    ........ 

CiaebofiiBa  • , ,  *  ^ 
Cb»t...„^..,.. 
CmIOu  ....... 

Cobilt... 


CuiimbgfeM  , 
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K«LQr 


Wotw......... 

Cbronia  Acid , . 
SmMilii...... 

Gfatfook  Amd  , « 
Oxid*  of  Zifi«  « . 


Soda.., 
Water.  < 
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CHjejot,  IL  «f  •  > . ,  IK ...  ^ 
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nirrmre    of     fSfttqunt 
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KItrie  M\hn, , 


mftit€t 

Oil.........,..** 
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(Df-utrniiau,  flf  Anlimo- 
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Ditto*    TririkKidi    of  {Jkf- 


FrolPtidJa 


Mrvniti* 

DitlOt  D^taKid«  Qf. . . . . . 

Biidiitth.  Froiatfidi  of.. . . 

CAdttiom,  FroUixide  of. . . 
Pratovidfl     of 


CAtbott,  Fmtonidi  of  (Car- 
bonic UiideJ. ......... 


Di(t&*  Driilnivdeof   (€ar 
bonk  Aad)  ...  * 


Cttittm*  PTOEfisi^d*  of.  i 

JJKitm   H^midFutoxldfl  of 


ChlffriD^t     Fro^OKid« 
(Eacbiorliie; . 
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,  Froioxide  of . . 
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INtltN  TriTodda  «f  (Cbn^ 
tunc  Acid>. 


CdbilU  Protoxid*  of .... . 
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NTrriff  Add  ..... 
D«iit(»,  of  Urm. 

WAt^r 

Nbiric  Aeid  . .... 
PrtfToc  £iud  .«., 
Wiier.... 


Atatniiiiuiai. . 
O*vj(^0.... 
AatiiiujDjr^  ■ 


Aaiiiiteiiy. 


OvyfipQ . . . , 
Antiieoef*. 


Carbon  .,,,.,,., 
lt]rdr«fvD...»... 


AfKifie. 
Aneoio, 


BAtjrttfn  . . 
Oxygen . .  * 

n&dmmm. . 


Cftf boi . 

CurtfOii. 
CeriuiR . 

Ok 


C^lafiao . 
Otjffn.. 
ChTorio« . 


OKfgFn*,,. 
CWorias... 
Oiyifrn . . . . 

Ojcjf^rn. . .. 
Chfum^iiiB  H 


OjfyfriT,.... 
Cnbull 


Ovrf<n 


uimVmin  i 


Oxfffii. 


Ati«u. 


II 

1 

1 
I 


Ucfit 

p.  niNitr- 


eii 
IS 

54  J 


1} 


tl 


13 


1« 


SO 


ll^d 
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\S^ 
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ae 

44 

34 

3» 

72 


(1W4> 


(31T) 
(1055) 

(980) 


CS18} 

(766) 
(703) 
C709> 
(S7S) 

(813) 

ce87) 

C311) 

(311) 
OHO) 

i^} 

(1*4) 
<l*ft) 

(lifi) 

(W7) 

(116) 
(735) 
(Do.) 

(733) 
(790) 
(Do.) 

f7S3) 

(ftl8) 


Copfien  Pro  toiid*  of  t  Biftek' 
Uudfl) 


Gljr^f  qam,  Prpto&ide  of . . 
Oo1d,Ffoloxid«of  ..,. 
Dit(9i,Tnti»sMiof..,. 
Iiva,  Ppotaxido  of.  * « , . 


IK  (la.    Htmidantoridti    of 
{Femtide)  ,.*,t 

Ludi  Fjtitoxidf  of  , , . 


Ditto,    Elf « td#atoJf^de    ol 


IKtto.  Deoroiiiat  of  (F«r^ 
nltde  of  L,)  ..... .. 


LitKlqiD,     Praloiida 


Muf lueid,  SubQiide  of. . 

Dtttn.  Protoiideof  (OAide 
ofM). 


I]h'tf{i,   Heimidmi^txido  of 
(l»ctitQxidif)rM.).,, 


Ditto.  DeQPoiideQf  (Trit* 
oxide  of  M.) 


Ditto.Tntoiidtor?  (Mas- 
f  ukOioua  Acid) . , ,  < » 


t^Cto.      Tetarcaildo      of 
(MABimauk  A^d.)  . . . 

ICercoiy,  Protoxide  of  ... 

Ditto,  Dpqt<7>idi  of  (Per- 
Qud«  of  M.)  » * , « 


Holjbdcpnnu  ProE«xid«  ol 

iKttf^  Dvntoxide  of  CM4> 
Ijbdoiii  A.)........ 


DSt*o,  Tri!oiidfl  of    (Mo 
IfWicA,) 


Nkiel*  FTotovlda  of .  <« . . 

Ditto,  Hfrnidenfoxldo  of^. 

HitrD||vn,      pTotatidc     of 
(Nitroai  Oiiidw]..,, 


Ditro^  D^t0Ti4t  of  t^itrie 


Ditto,  TriiOKid*  of  (HjfjfO- 
Biifotui  Acid.)  ***** 


Ditto.  T*tmrto<ido  of  (Ni- 
tro^f  Acid)  ......*.... 


Dtltn,  Prmptoiide  of  <Nv 
trio  Acid  )..*.*....... 


Ofoiiom  *...i..*.,^***,* 
Falbdiam,  ProtiitJd«  of, . 

FbtJDBn,  Ffotoijdc  ef. . . 

Ditto,  Dntosid*  of  (Pii^ 
oxide  of  P,).  ..,,.* , 


PotinKmrOj    Pmloxidt 

iPot&SAB)    *.,,,****, 


Dlltn.  Ttitoxid*  of   {Vtt^ 
oiid«of  P.)... 


Elbodluin,  Fmtoiid«  of... 

Ditto,  Dfntoicide  of  (P*r 
onideof  R.)  .*,****... 


Oifg».. 


S5Jr:::; 

Iron. *,**, . 


Iroci...«..«, 


EST:: 


LltlilQini 


Ojtjrffii..... 
MflfiBniaiia  . 
pJtjfif^..*., 
Mteigiiqeat. . 


Oitirf*o...., 

BI«ii[KWUie. , 


OxTfcii 


llMipLDate.H 


OKfilW.**. 

tl&qM*liti«. , 


MprtoT3f..... 
Holjbdfaiui 


OxTfwi*... 
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OvjTfVb.*, 

>iitn>ffi9., 
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OvffVfl.., 
NitTOfeo., 

NltfOffD. 


Ot»if«i.  . . 
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Onffrn.. .. 
FUdnftm  . . 


Otfftra... 
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PotBua  . . 
OiyfHi.,, 

Foll>«KI*.* 
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Ilt.MdkKn  , 
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TABLE  XIL  i 


Silven  P«lo]iwi«  of* , , 
Sodium,  Protii*.  of  tSad») 
Ditto,    Hemi4intot.id« 


Btfontiain,    rrotDEide   of, 
(StmnOa) .» 


SolpfaiiT,  PmtoxidefiCCHj 

BittEi,  Dcvtoildt  OC  (SnJ 

Ditto,    HtiBitriloxidp  of? 
IH/pMuLpbitria  AcidJ  ♦ , 

Ditto,  Trit^udt  of  (Bul- 
pbitrie  AQ)dj  .*«•*«. 

Ditto^mtto 


Tellnrittiiit    PfntoxidQ     of 
(TeUnrlcAdd  ,,,,. 


TLb^  Frotozida  of . 


Ditto,  Dentol^e  of  tPir- 
oxidf  II « •  >  * « i « ■  f  i  1 1 « 1 « t 


TitADiam,  rrotoxidA  of, . . 
Pitbo,  De^toiido  of    (Ti 


(BrnwaoKidel,,,,,.* 


Dil&E^Tritmidfof  (Tone- 
•tie  Add) ' 


Umaiuit  FtolQzide  of , , » 
DittA,  I^toi.  of  iVetm.] 
YctHnm,      Frotoside     of 


^e*  Pioto«id«  of « 4 .  > .  * . 

Zirfianiam,   PrQtoiid«    of 
ilinmi*} 

Oxygea  ..»,,,*,.*,,»,.. 

Onmmri^ttti  (i£«  Clibrst**) 
Fftikdimn  ,,,«.»..,..«., 

PaocTratls  iuiei  „, 

Fpclie  Acid .♦*, 

Fiptrio*..^*..,^, 


carboqioAeidQu)  .it 

AlofolBJip  PbofpKfetfl  of.  * 

AiniD»Di«f  Plii^phit«  of, 

DitlD,  BipbaipliHteof  .... 
BafytA^PhiMpbateof ... 
SimtiLL.  Pivto-pboiph.  of 

Cadoiiiiin^falO-pkofpti^  of 

CtfliiJt,  Pfoto-plioiph.  of. 

Coppir,  FiDto-pliotpk,  ftf. 


Diltop 0UIO,  AAt*  .<«... 
Iran,  pEoUkpkMpk.  of  .. 


Oxygen 

OEVg«B, 

SodiiaiB, 


O, 


Sttlpiitf 


Tapfttoa  . 
Oxf«««  .. 

Uraua&u, 


2i«c..... 


Oxy««iL..», 


Ozfiffs  ., 
Stapivi  .. 
Drf  Add  . 
W*t(f  »,. 


Ttilwuiin* 


Oxygwi... 
T^h ,. 

TttMtam  . 


TitJuiitiizi , 


FbcnpliafiD  Add  ■ 


WfrftCT- 

Phoipfcoric  Aoitl- 

Avnioiii& 

Wmter.... ...... 

Ph^ajYlioric  Arid, 


FboiplioTiiQ  Acid. 
B*rytii  *..,,.... 
PbcHfhoric  Acid. 
Pn^lox.  Bi)ixn.,«. 
Wbim-  „.. 

wphflrio  Acid. 
Pmtox*  Odm.  ,, 
WmUif 

ispiaria  Acid. 
PfOtos,  Cobilt ,. 
Wmtir.. „. 

Hpboric  Acid. 
Pro  tax.  CopBi«r. . 
Wttef  ......... 

Phioaphoiic  Acid. 
Pivtox.  Ovrpfli- . . 
PIiCHpkoric  Acid. 
pTOtoiL  Iron.  «.4 
W.t«f   


?* 


Ufliuar 


SI 

J) 

10/ 

1} 

4} 
^} 

ig} 
^} 

U} 
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96/ 

S41 
i»J 

ao9/ 

909/ 


isj 

97' 
S8i 
17} 

fi6T 
17/ 
SSI 

79  J 
S3i 

80  > 
37J 
SMi 

n} 
40/ 

mI 
»7/ 


Tout 


laUjiL 


U8 

36 

Sg 
14 

39 

a* 

49 

74 
40 

49 

Hi 

ItO 

9t4 

19 

49 


SC 


73 

101 

77 
91 


Inihk 


(»0») 
(605) 


(389) 

<837> 
(G6S> 

miy 

C737> 

(744) 

em) 

C49&> 
(48ft) 


I  nw,  H#aiid«a  to  l^pho«pb. 
of  (Pertnpliwpk) 


Ldid.  Pmolo^lMiipk  df..„ 
Lead,  Fmto  ^  ^ba«ph»teof 
,FlK»pli»teof.««. 


Ditto  SvjTii  dipliHHphAte  of 
(Apttdte) ...„ 


HflfOfua^  PboipliAti  of '  * 


ol*i.,. »..«.„ 


Klvkel,  Ftpte-pho^hftto  of 
Fotuf R,  Fliotpttttt  of , , ,  t 
Boda,  FhofphAle  oT. . , , , , « 
Ditto,  BipboiphAti  of, *,, , 


Sb«iit>^PbM^liatvof.. 
Ditto,  Bip¥upHt«  off , , 
ZIq£,  Fktrpkatt  of , , , , , 


F/bit^vt^ft, 

Flta«pliiif«tt«d     Hydrnirn 

(n*e  B  lii  jdnt^nt  of  Ph*) 

Pi«n»Bjrl. ...,.,,,,,,,», . 

FioroToxiBe  ,.,.*...,,.., 

PUtiBwa  ..,, .,»,» 

Folyehnn^  ............. 

FotMMa  (»u  OxidA  of  Fo- 


Potajsiam  ...,,,.,.,,.,« 
PruiiAtq  [»H    aydfoef- 

Fnuic  Acid  {»«  Hydii^ 

ejftAicAcidJ  ,.,,,,.,... 

QuiokiUveT  (•««  Mercury} 

QulGiDp,..,. «, 

Quifiie  Acid.  ..<....,» 
lUtint...,.,,,,,,,.,, 


Sic/oc'ofef. 
I,     SaUvx,.., 
6*iicoeoile, 


I     ScIp 


Scl«fiioa ....,,.,.,.  i  I .. . 
Sclraiantted       Hi-dmcoD 
i»tt  RfdnoHlffQic  Aoil]. 
SUicA.... ,.,.*., 


Silkoa.... ,,«,,«,■* 

Silvrr ,..,..*,,,,..,..,. 
Sodji  fie^  Oxide  of  SwlLti»} 

BaJmnift.,.. : 

Bpiri  t  of  SVbif,  { act  Aloah  sj ) 

Stxrcb.., ,...*.,^,, 

StrondA    (ii««    Qjiida    of 

BtmntiiiCDj,..,,.,,, 
Strycknii .«.,...,.... 


^■fCoiRoffr  . 


AJucDtoA,  5dp1iftt#  of.  >  »• , 

I 

.    DiUo^  Dijulpli&to  of . . .  ^. , 


A, 
A. 

A. 


8* 


3. 


3, 


PhoftjultoTio  Arid. 

W»£*r  ,,.,,.*. 
FhiHi^iMie  Actd 
FiQlodt,  JUctd,,,, 
Phtiol^JbMrio  Acid 
PnottfXkl^ul,^,., 
Pbovphorii;  Aflid  . 
Lime  ..,,.+  ,..». 


PkcMhpkQiic  Acid 

Lime  .  .*j.^,,«, , 
PtiD^ftKofie  Add 
M^fDfiiiii  *«*».«. 
Waltf  ., „, 


Fboflphone  Acid 
Pmttjx.  Here, 
Phajipborie  Acid 
Prolox,  BCiduI  . 
Wiipf ,,,,,/,,. 
F^kHpboric  Acul 
Potjum........ 

Waiir,,,,,,,,, 

SodTT. 

WiTcr „.,, 

FlbdipltDrie  Acid . 


Witer,., ,...,, 

Fhcwpl>aric  Acid! 
Stnctaiift  ,,«,.,. 

W»i«, „, 

PbtHiphoric  Aeld 
StTrmiiA  i,.,... 

W»Ur 

Fb»rpbp(rk  Acid 
Protox^ZiDO,,,, 
Witer „., 
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OijKva  ..,,,,., 
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AlimialDa. ,,..,, 
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StUpliaria  Add.. 
Almzniu .,»..,.« 
Water ,^. 
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TABLE  XII.  continued. 


tnle> ,.».. 


tiaSf  Ffoto*ii|nti  til  •«»» 


Q\\ „„ 


tbtlUttt  ■«»•«■  aB**!! 


JljBininTiin,      Frotov. 
(Aigiuiaft)  ..».«...» 


(DwirrmiJe,  of  Arttimfr 


|>ittn,  I>enraijdp  of  (P«r 
eiidc,  or  AotJiiiaaiD  A-}  ^ 

Aikb1«,  DeflloiElite  6(  (At^ 


Ditto.    Tritpiidft    «f  (A^ 
Btfnic  Aeii)  ........ 


(Hiiryiii}.,,,.,,  ...... 

Dittos  Di?ttt(lMld4  oC. . . . . . 

Eiimaliip  Pmraiidft  of. . . . 

Ctttfliiiiim,  Pvotoxidv  of. . . 
F^toiide     of 


iNmijs  And} ^ 


CiribAt  Pn»tox  de  af . . , 

JCHtfv  Hc«ideae4xlde  of 
(F#n>Ki4e)  . , 


Ditto*  Tritfitid^  of  f. . . . . . 

IK|ft«.  Tvt&rtDXidft  of  f  Prr^ 
ox^iUDJ 


Dittos       Fnaptoiudt 

il^CibiDriff  AckdJ<  .t*** 


I?itliei.  HrptQ^idt  of  (Vrt- 
elil«nc  Add).. 


Cliiontiunii  Ffttt<aid«  of  . . 
dtto,  Dvaivxide  of, ..... . 

XHtto^Trlroiidt  of  (Chn. 


C!o<»An,  Fmloxids  of 


»   PmtonLide  of 
(ColttniUe  AcJdJ  ... 


Cdfifter.  s^abORidc  of  (R«d 
6iic 


iiid*). 


AttiniiiiiDi 


OtJTf M  .  .  . 

Anriraon/. 


AatinoDj. 


0«yfea. 
AficJiie.. 


Pnifio  Add  ..♦,. 
Dtfttton.  of  Urao. 

WitfT., 

NilHcAcid  ..... 
F  mtddL  Ziue  .  ^ . . 
Witef 


EiydrofCfl. 


Owygftt . . . 
BUmitli . . 

CadfoiaQi . 


(J&rbpii.. 

C»rb«o  . . 
I  Cenam . . 

Ctnun} .  ^ 
nxtgfBx 
Oiyf«n, , 


'blortat 


Cbtsrinp . 


Chmm\tiia  ...... 

tlvy|«iii. ........ 

dbmrniim  ...... 


Chfvjminici  , 

niivf"Ti.... 
CubKJt 


Otfgirii..... 
CoLiLittbiatQ  . 
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%l 
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(1034), 
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am 
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(766) 
(7^) 
C7(K>) 
(57S>I 

C«13) 
C«»7) 

C»l) 
(311) 

(31*) 
(790) 

(Dt,.)! 

(14*) 
(»*) 

(147) 

(!*») 
(7S4) 
Cl>fr.) 

(733) 
(7W) 
(Do.) 

(7S3) 

(fl25) 


C€pp«  r«  ProtoKide  of  (Bliu  k 
Owdf) 


Gold,  Fml«iidB  pf  *.,... . 
Diito,TKtojiid«fif,»,. 
titKi.  Fmlq»d<  «f . .  t . . 


JJifta^   Htmid#4tDKide    d 
Lad,  FrotQxidtf  of  . .  > 


Dttfov    Hrm  i  d  Aitnftidi    ol 
(DvataxkdcvfJ')..* 


Ditto„  DenfoKiJ*  of  (Frir- 
oKJde  of  L,)  If  > ... 


Lifhitim.     Pi«toxid« 
(Uihim)  ....... i... 


Mjui(iii«]*,  SbbALidF  of.. 

Dittn,  PraroKidf  of  (ChEid« 
ofM}. 


Dido,    H^ifildtnirrrxidB    of 
CDealoiida  of  MO  ■ . . 


Dkto.  DrtiiDiideof  (Trit- 
Qxldeof  jkf.) 


Diito,TfiMstd*off  {M»n- 


Ditto,       TetftrtOKidi       of 
(MkiigVBtik  Add,)  . . . 

Mireurf,  Fntoiidi  of  ... 

Ditto,  I>Bijt«xt«Jt  of  <Pct- 


Itol^bdena^  Fmtoxid«  of 

Dtitfi^  Dfealomi^tq  of  (Mo^ 
3|bdiiiu  A.)«.* 


Vi\m,  Tritomiafl  of    (Mfr 
IjWLoA.} 


Niclfcvl,  PrtiTDxld«  of . , . « , 

D^tto,  Hemideatoxlde  of. . 

Nitn>|«B,     Pmioxidt     ol 
(Niiivfti  OMid*).,..^ 


Ditiu,  DiitLtoxidi!  of  {Nitric 
Glide).... 


IHttft.  Trltovidv  of  (Hypo 
BitPOUf  And.)   .**,* 


Ditio,  Tftiptomidtof  (Ki 
(toqi  Acid) « ^ . , 


IMtt*v  Ppmptotide  af  (Ki 
Iris  Acid.)  ....**.<*..< 


Fjilkdiam,  Fnktotldii  of.. 

FktUum,  Frotoilde  of. , . 

Ditto.  Difltoitda  of  (Fir- 
oxide  of  P,}->'**>*»* 


FatM^inio,    Fiotoidi 


Dltti%  Tritotide  of   (Pet- 
oiidf  of  F  J ........ 


Rbodimu,  Fffltoxidfi  of .. . 

dtto.  Pmnidt  of  (P'T- 
oxidtofR.)  .«..t*. 
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Om  jfPOt  4 
Iron. 
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Oiffm..... 
lf)i|rnniD.ni  . 
Ojtyff€a..... 


Oifpra..,,, 


'Xll 


0«7I*o  .»», 


Uuifsa«w.. 


Ox^fpo . . . , , 
liomrjr.... 


Oi]rfro.» 
Mfrcorf., 


Mofjbdenupq 

Osf$cn ...... 

Mij^jbdeBuni 


\J[^n^ ! 


NieM..... 
Niiluel 


Nifrofcfl.. 
Nilrofvo,, 


Nttrnyr^o.. 
Otjictii... 


Pilluliiin  . . 
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Sliver,  Prot&fldt  of. . . 
8odi«iK,  PfoiQK.  of  (SvdA) 
Ditto,  HenidMtoxid«    qI 


(8tmnU»>, , , . , ,  ^ . . . .  *  4 

Sdpltar,  Pfiotoxid«  of  (Sf 
poiulpbviwis Acid;!  ... 

DittD,  Dentaxld*  of  (3d 
phi 


DittDi  Tri(«iide  of   (Sul- 
DitK^DitU^ ,4 


(Tflinric  Acid  .,..., 
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lithiiim.  Sidpfaartt  of  *•« , 
HBCnaium,  Svlphunt  q/« 
Uugueu,  Solplmrt't  of , 
Mnc^fft  SoJpiiurct  of . . . 
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Note.  From  the  me  of  descriptive  names  in  this  Table,  it  must  not  be  inferred  that  these  are  designed  in  aU  cases  to  supersede  those  already  k 
use :  thus,  for  instance,  amoug  the  Oxides,  Pemptoxide  of  Nitrogen  is  placed  in  the  first  colonm  to  presenre  the  harmony  of  Vpfi  system  of  nosMB- 
dature,  and  to  inculcate  a  descriptive  appellation ;  but  the  synonyme.  Nitric  Acid,  is  well  established,  and  will  doubtless  continue  in  use. 

In  Art  (878.)  an  inaccuracy  exists,  the  origin  of  which  we  cannot  comprehend.  The  union  of  Selenion  with  Mercmv  should  have  been  notieed 
tmder  Aii  (877.) ;  whilst  imder  (878.)  I.  it  should  have  been  stated  that  Mercury  has  generally  a  strong  teodenej  to  unite  with  other  Metals ;  aid 
that  it  refuses  to  do  so  in  very  few,  and  even  these  micertain,  cases.  •  • 

In  Art  (111.)  the  reader  is  requested  to  erase  a  paragraph  of  four  lines,  beginning  "  The  definite,**  &e.  at  the  ninth  line  from  the  end,  as  it  fav 

en  found  necessary  to  abandon  that  plan|  and  to  confine  the  piefixei  Prot>  I)eut->  &c.  to  ths  ojddei  oolj. 


SOUND. 

PART  I. 
OF  THE    PROPAGATION    OF   SOUND    IN  GENERAL, 

§  I.   Of  the  Propagation  and  Vdoeity  of  Sound  in  Air. 


nd.      To  explain  the  nature  and  produclion  of  Soynd,  the  laws  of  its  propagntion  through  Ihe  various  media  which 
-^^  tonvey  il  to  our  ears,  and  the   manner  of  its  action  on  those  org'ans ;  the  modificationt  of  which  it  i«  suscep- 
tible in  speech,  in  music,  or  in  inarticulate  and  unmenninfi;^  noises;  and  Ihe  means,  naturul  or  artificial*  of  pro- 
ducing:, rcgulatinc;.  or  estimatinpf  them,  are  the  proper  ohjects  of  Acoustics, 

Every  Imdy  knows  that  Sounds  are  conveyed  to  our  ears  from  a  dii^tance  through  the  air,  but  it  is  not  equally 
apparent  that  they  would  not  reach  us  as  well  through  a  space  perfectly  void  ;  or,  in  other  words,  that  the  air 
itself  (8  the  vehicle,  or  active  a^^cnt,  by  whose  operation  they  are  conveyed  to  us.  Such,  how^ever,  is  the  case 
Shortly  after  the  invention  of  the  air-pump,  it  was  found  that  the  collision  of  hard  bodies  in  an  exhausted  receiver 
produced  no  appreciable  Sound.  Hanksbee  {Philosophical  Tramactioni,  1705)  havi nop  suspended  a  bell  in  the 
receiver  of  an  air-pump,  found  the  Sound  die  away  by  decrees,  as  the  air  was  exhausted,  and  ag-ain  increase  on 
its  readniission ;  and  when  made  to  sound  in  a  vessel  full  of  air,  the  Sound  was  not  transmitteil  through  the 
interval  between  that  and  an  exterior  vessel  from  which  the  air  had  l>een  extracted,  though  it  passed  freely  when 
readmitted.  On  the  other  hand,  \vhen  the  air  was  condensed  in  a  receiver,  ihe  Sound  of  a  suspended  bell  was 
stronger  than  in  natural  air,  and  its  intensity  increased  with  the  rle^ree  of  condensation.     Roebuck,  (Tramactions 

to/  the  Royal  Societp,  Edinburgh,  vol.  v.  p»  34,)  when  shut  up  in  a  cavity  excavated  in  a  rock,  which  served  as 
&  reservoir  of  air  for  an  iron  foundry  in  Devonshire  to  equalize  the  blast  of  the  hello ws»  observed  Ihe  intensity 
of  Sound  to  be  considerably  aug^nented  in  the  air  thus  compressed  by  their  action.  The  same  eflect  has  been 
experienced  in  diving-bells.  More  recently  M.  Biot  1ms  repeated  the  experiment  of  the  exhausted  receiver,  with 
a  much  more  perfect  vacuum  than  could  be  prom  red  in  Hanksbee's  time  ;  and  found  the  Sound  to  he  quite 
imperceptible,  even  when  the  ear  was  held  close  to  the  receiver,  and  all  attention  paid.  (Mim.  rf^Arcueil, 
voL  ii,  p.  S>7,) 

The  diminution  of  the  intensity  of  Sound  in  a  rarefied  atmosphere  is  a  familiar  phenomenon  to  those  who  are 
accustomed  to  a^scend  very  high  mountains.  The  deep  silence  of  those  elevated  regions  has  a  physical  cause, 
independent  of  their  habitual  solitude.  Saussure  relates,  that  a  pistol  fired  on  the  summit  of  Mont  Blanc,  pro- 
duced no  greater  report  than  a  little  Indian  cracker  (pdit  pekird  de  Chine)  would  have  done  in  a  room.  (  Voyage 
dans  ie.%  Afpc%  voL  vii.  p.  337,  §  2020,)  We  have  otirselves  had  occasion  to  notice  the  comparatively  small 
extent  to  which  the  voice  can  l>e  heard,  at  an  allitude  of  upwards  of  13,000  feet  on  Monte  Rosa,  Observations 
on  this  point  in  the  elevated  passes  of  the  Himalaya  Mountains  would  tie  interesting.  They  should  be  made  by 
the  explosions  of  a  small  detonating  pistol,  loaded  with  a  constant  charge,  and  the  distances  should  be  measured; 
for  the  voice  loses  much  of  its  force  from  the  diminution  of  muscular  energy  in  rarefied  air,  and  distances  are  extrava- 
gantly underrated  by  estimation  in  such  situations.  The  height,  however,  to  which  an  atmosphere,  or  medium 
capable  of  conveying  Sound  extends,  tar  exceeds  any  attainable  on  mountains*  by  balloon*?,  or  even  by  the  lightest 
clouds.  The  great  meteor  of  17S3  pntduced  a  distinct  rumbling  Sound,  ahhough  its  height  above  the  earlh^s 
surface  was  full  50  miles  at  the  time  of  its  explosion.  (See  Sir  Charles  Blagden^s  itit cresting  Paper,  Philoso* 
phical  Transactions,  1784.)  The  Sound  produced  by  the  explosion  of  the  meteor  of  171&,  at  an  elevation  of  at 
least  69  miles,  was  heard  as  *'  the  report  of  a  very  great  cannon,  or  broadside;"  sliook  the  doors  and  windows 
of  houses,  aTid  threw  a  looking-glass  out  of  its  tVame  and  broke  it,  (H  alley,  Phiiosophiaal  Tran^avtionJt^ 
vol.  XXX.  p.  978.)  These  heights  are  deduced  by  calculation  from  observations  too  unequivocal,  and  agreeing 
too  well  with  each  other,  to  allow  of  doubt.  Scarcely  less  violent  was  the  Sound  caused  by  Ihe  bursting  of  the 
meteor  of  July  17,  1771,  near  Paris;  the  height  of  which,  at  ihe  moment  of  the  explosion,  is  assigned  by  Le 
Roy  at  20,598  toises,  or  about  25  miles.  (Mem,  Amd.  Par.  1771,  p.  «568.)  The  report  of  a  meteor,  in  1756, 
threw  down  several  chimneys  at  Aix  in  Provence,  and  was  taken  for  an  earthquake.  These  instances,  and  others 
which  might  be  adduced,  are  sufhcient  to  show  that  Sound  can  be  excited  in,  and  conveyed  by,  air  of  an  almost 
inconceivable  teruiity  (for  such  it  must  be  at  the  heights  here  spoken  of)  provided  the  exciting  cause  be  suffi- 
ciently powerful  and  extensive,  neither  of  which  qualities  can  be  regarded  as  dehcient  in  the  case  of  fire-balls, 
such  as  those  of  17 UJ  and  1783,  the  latter  of  which  was  half  a  mile  in  diameter^  and  moved  at  the  rate  4>f  20 
miles  in  a  second.  It  may,  however,  be  contended,  and  not  without  some  probability,  that  at  these  enormous 
heights  Sound  may  owe  its  propagation  to  some  other  medium  more  rare  and  elastic  than  air,  and  extending 
beyond  the  limits  of  the  atmosphere  of  air  and  vapour. 

Sound  is  not  instantuneomly  conveyed  from  the  sounding  body  to  the  ear.  It  requires  time  for  its  propagation. 
This  is  a  matter  of  Ihe  most  ordinary  observation.  We  bear  the  blows  of  a  hammer  at  a  distance,  a  very  sensilde 
interval  of  time  after  we  see  them  struck.     The  report  of  a  gun  is  always  heard  later  than  the  flash  is  seen»  and 
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SontiJ.      the  interval  is  longer  the  more  distant  the  gun.     We  estimate  the  distance  of  a  thunder-Rtorm  by  the  length  of   | 
^*^*v^^^  the  interv'al  between  (he  licfhtuinsr  and  the  tlnmdt»r-clpp,  which  ofteii  arrives  when  we  have   ceased  to  eipe^ct  it  S 
Sounds  not  "phe  report  of  the  meteor  of  1783  was  heard  at  Windsor  castle,  ten  minutes  atler  its  disappearance     This  i«, 
*"^^*sr        probably,  the  longest  interval  yet  observed, 

"eved^*^""*      A  great  roulti tilde  of  experiments  have  been  mude  to  determine  the  precise  velocity  of  Sound.     The  eftrikr 

5^         results  differ  more  than  mi^^ht  have  been  expected,  from  the  influence  of  several  causes  not  immediately  ob^iom. 

Velocity  of   but  chiefly  from  want  of  due  attention  to  the  influence  of  the  wind.     It  is  evident  from  the  mechanical  conoDs* 

Sound.         gion  attending'  iotid  noises*  that  Sound  consists  in  a  motion  of  the  air  itself  communicated  along  it  by  Tirtoe  of 

Inftucnee  of  its  ehisticity,  as  a  tremor  runs  along  a  stretched  rope.      If  then»  the  whole  body  of  the  air  were    moving  in  » 

the  wind      contrarv  direction,  with  the  velocity  of  Sound,  it  would  never  make  its  way  ag-ainst  the  stream   at  all;  aod,OB 

'J"  '^-  the  other  hand,  when  the  wind  blo^vs  from  ihe  soHuding"  body  direct  towards  the  ear,  it  is  equally  clear  that  tilt 

velocity  of  the  wind  itself  will  be  added  to  that  of  Sound  in  stil!  air.     If  a  stone  be  thrown  into  a  still  lake,  thi 

waves  spread  with  eqnal  rijpi<lity  in  all  directions^  in  circles  whose  centre  is  the  stone.     If  into  a  runmng  lifB; 

they  still  fonn  circles,  hut  their  centre  is  curried  dtJwn  the  stream  ;  and,  in  point  of  fact,  the  wave  arrives  op^ 

site  to  a  point  of  the  bank  above  the  }>lace  where  the  stone  fell,  later  than  a  point  at  ttie  same  distance  brloi 

it  in  proportion  to  the  rapidity  of  the  stream.     Hence  all  experiments  on  the  velocity  of  Sound  ought  to  be  maift^ 

if  possible,  either  in  calm  weiuher,  or  in  a  direction  at  rig-ht  angles  to  that  of  the  wind, 

6.  The  assimiption  of  1300  feet  per  second  for  the  velocity  of  Sound  by  Roberts,  (PhiL  Traru,  1094,)  and  tfai 
VariouRde-  inaccurate  determinations  of  MersennCi  Bayle,  and  Walker,  (PhiL  Trujis.  16!*8,)  which  g'ive  respectively  1174, 
termio*uoiis  j^OO,  and  1305  feet,  (the  latter  by  a  mean  of  12  experiments  disag^reeing'  no  less  than  370  feet  inter  »<*,)  scareck 
^.j^^^f^  deserve  more  mention  than  the  rude  guesses  of  EoWrval  and  Gassendi,  which  ditfer  by  an  araouDt  nearly  eqit^ 
Sound*         to  the  whole  quantity  to  be  measured  ;  the  former  fixing"  it  at  560  ket,  the  latter  at  1473.     The  first  experiroenH 

which  appear  to  have  been  made  with  any  deg-ree  of  care,  were  those  instituted  by  the  Floreniine  Academy  Dd 
Cinunio.  It  was  observed  in  these  that  at  a  distance  equal  to  5739  English  feet,  the  Sound  of  a  hart^ucbiiM 
arrived  five  seconds  after  the  flash  ;  and  repeating;  the  experiment  at  half  the  distance,  tbey  foutid  exactly  half  tk 
time  to  be  required.     This  f^ives,  tor  the  velocity  of  Sound,  1148  feet  per  second. 

Cassini  the  Elder,  Picard,  and  Roimer,  from  experiments  made  at  a  distance  of  1280  iotses,  as  related  bj 
Duhamel  in  the  Hist,  de  tJcad.  Par.  assign  1172;  while  Fbm steed  and  Halley,  from  a  series  of  ob^emiioii 
at  the  Royal  Observatory,  the  orig^in  of  t!ic  Sound  being  three  miles  distant,  concluded  the  velocity  to  be  IU2iN« 
per  j^econd. 

7,  In  a  Paper  communicated  to  the  Royal  Society  in  1 70S,  by  Dr.  Derhamt  the  subject  of  the  velocitj  of  Sooad 
Derhani's  IS  inveKtigBled  more  fully  and  distinctly  than  had  before  been  done,  and  ivith  some  de£»'ree  of  attentiofi  to  t 
wperi*         variety  of  circumstances  which  appear  likely  to  influence  its  propagation.     These  are  cliiefly 

"5"^*'*  L  The  direction  and  velocity  of  the  wind. 

8ta^™'in*  ^'  '^^^  amount  of  barometric  pressure. 

fluendng  3,  The  temperature  of  the  air  through  which  the  sound  is  conveyed, 

the  propa-  4,   Its  hygrometrical  state  of  moisture  and  dryness, 

8**^^  ^^  5,  The  actual  weather,  whether  fog,  rain,  snow,  sunshine,  &c, 

**"  *  6.  The  nature  of  the  Sound  itself,  whether  produced  by  a  blow,  a  gunshot,  the  voice,  a  musical  iwtfv 

ment ;  its  pitch,  quality,  and  intensity. 
?•  The  original  direction  impressed  on  the  Sound — by  turning,  for  instance,  the  muzzle  of  a  gtio  ooewiy 

or  the  other, 
8.  The  nature  and  position  of  the  surface  over  which  the  Sound  is  conveyed ;  whether  smooth  or  rg<^ 
liorizontal  or  sloping  ;   moist  or  dry,  &c. 
g  To  all  these  circumstances,  except  the  wind,  Derham  attributes  no  eflect;  and,  in  fact,  none  of  theni,  eti!^ 

the  temperature  of  the  air,  have  been  ascertained  to  exercise  any  material  influence  on  the  velocity;  tboigl 
many,  indeed  all,  have  a  very  powerful  one  on  its  intensity,  or  the  loudness  of  the  Sound  as  it  reaches  th«« 
from  a  given  distance.  The  quantity  of  aqueous  vapour  indeed  ought  {as  we  shall  see)  to  aflect  the  vebdtj» 
but  in  a  degree  only  appreciable  in  the  most  delicate  experiments.  Derham  concludes,  from  the  whole  of  1» 
observations,  that  Sound  is  propagated  at  the  rate  of  1142  feet  per  sec*md,  agreeing  with  the  result  of  Flaaistted 
and  Halley,  and  with  that  of  the  Florentine  AcademicianB ;  and  as  the  distances  of  the  stations  emplovcdweff 
considerable,  in  one  case  amounting  to  upwards  of  12  miles,  this  determination  appears  deserving  of  siXBt 
reliance.  The  temperature,  unfortunately,  was  not  registered;  so  that  the  experiment  loses  much  of  tisvilai 
from  the  impossibility  of  applying  with  certainty  the  requisite  correction. 

In  1737-1738,  the  Academy  of  Paris  directed  a  reinvestigation  of  the  subject,  and  Messrs.  Cassini  de  Jhw} 
Maraldi^  and  La  Caille»  who  were  at  that  time  engaged  in  the  Iriangulation  of  France,  were  char"^  ^thr- 
™^"^'°^^^*  conduct  of  the  experiments;  an  account  of  which,  by  Cassini,  is  to  be  found  in  the  volumes  of  the  Hi^ 
deimkiins"  ^'^c^^'  '^r  the  latter  year  and  for  1739.  Their  observations  were  carefully  made,  and  the  distance  of  the  ^t»i*^ 
was  considerable,  (from  2931  to  16,079  toises,)  In  these  experiments  we  find  the  first  example  of  obserrftlii^ 
so  disposed  as  to  eliminate  in  some  measure  the  disturbing  efl^ect  of  the  wind.  To  apprehend  how  this  iDi|fct 
done,  let  us  suppose  a  current  of  wind  to  blow  uniformly  with  any  velocity  from  one  station  A  to  another  0il 
any  distance,  and  at  these  two  stations  let  shots  belired.  The  Sound  of  the  shot  fired  at  A  will  then  be  sccde- 
rated,  and  that  of  the  signal  at  B  will  l>e  retarded,  in  traversing  the  interval,  by  equal  quantities;  aad  cotK' 
quently  (since  the  velocity  of  Sound  l^  very  much  greater  than  that  of  the  most  violent  wind)  the  time  in  wW 
the  Sound  runs  over  the  linr  A  B  will  be  diminished,  and  that  in  which  it  traverses  B  A  increased,  by  tq^ 
quantities;  so  that  the  mean  wiil  be  unaifected  by  the  wind*s  velocity.  In  tact,  supposiug  V  to  be  the  vefociti^ 
Sound,  V  thai  of  the  wind,  and  8  the  space  described,  the  velocities  of  the  Sound  in  the  two  opposite  direclM« 
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<  1  +  (  ~rz-  )  +  {  ^vr-  J  -j-  &c.  [ ,  which  when  v  in  small  with  respect  to 
The  most  violent  hyrricane  moves  at  a  rate  less  than  one-tenth  that  of  Sound  ; 


V,  reduces  itself  simply  to  ^-* 

so  that  in  the  worst  case  the  neglect  of  the  terms  depending'  on  the  velocity  of  the  wind  will  entail  an  error  less 
than  -^  of  the  whole  result,  or  about  1 1  feet ;  and  oiider  ordinary  circumstances  such  as  are  bkely  to  be  selected 
for  experiment,  their  influence  is  q^iite  inappreciable. 

It  is  evident,  however,  that  any  want  of  uniformity  in  the  rate  of  the  whid  will  destroy,  ao  far  us  it  goes,  the 
precision  of  the  result  so  obtained ;  and  that»  in  consequence,  if  the  corresponding'  >iiji;7ials  are  nut  strictly 
simvltaneous  so  as  to  make  the  Sound  traverse  the  same  ideutical  portion  of  the  aerial  current,  a  great  part  of  the 
advantagfe  of  this  mode  of  experimenting-  is  lost.  M,  Aran;o  has  indeed  remarked,  that  even  in  that  case,  if  the 
wind  be  very  irreg-ular,  and  in  sudden  gtists,  it  will  still  aHVct  the  result ;  to  conceive  which,  we  will  suppose  a 
(^st  of  wind  to  arise  suddenly  at  the  station  A  at  the  moment  of  firinj^  the  sig-nals  both  at  A  and  B.  The 
Sound  which  proceeds  in  the  direction  A  B,  as  it  runs  quicker  than  the  wind,  will  leave  it  behind,  and  be  propa* 
^ted  at  every  point  of  A  B  in  still  air,  before  the  arritalion  of  the  wind  has  had  time  to  reach  it.  On  tlie  other 
hand,  the  Sound  from  B  will  meet  the  wind  ;  and,  during  the  latter  part  of  its  course,  at  least,  will  be  propagated 
in  a  moving  atmosphere.  Still,  it  will  be  observed,  that  it  can  be  ofift/  the  latter  part  of  its  course  which  can  be 
thus  affected,  less,  at  all  events,  than  one- tenth  of  the  whole  space ;  and  the  e fleet  during  that  tenth  being  to 
retanl  the  Sound  by  one-tenth  at  most  of  that  interval^  will  produce  a  total  effect,  not  exceeding  a  hundredth 
of  the  whole  time  of  traversing  A  B ;  and,  consequently,  will  attect  the  mean  of  the  two  deduced  velocities  by  a 
quantity  not  exceeding  a  two-hundredth  part  of  its  value,  or  about  five  feet  per  second.  We  have  already  seen 
that  the  neglect  of  the  stpiare  and  higher  powers  of  the  velocity  of  the  wind  may  in  the  same  extreme  case 
produce  double  this  amount  of  error.  This,  however,  is  the  error  produced  by  a  sudden  gust  equal  to  the  most 
violent  tornado.  In  ordinary  winds,  then,  it  must  be  quite  inappreciable ;  and  the  methw!  of  simultaneous 
observations  at  opposite  stations,  provided  they  be  strictlif  such,  may  be  regarded  as  completely  eliminating  the 
wind's  influence. 

In  the  experiments  of  Cassini  and  his  colleagues,  however,  none  of  the^e  niceties  were  attended  to;  a  long 
interval  elapsed  between  the  corresponding  observations  when  obtained  ;  and,  indeed,  the  greater  part  of  their 
series  was  made  without  any  regard  to  correspondence  at  all.  They  conclude  the  velocity  of  Sound  to  be  173 
toises,  or  1106  British  feet  per  second,  at  the  temperature  between  4*^  and  6"^  Reaum,  at  which  the  experiments 
were  made.  The  extreme  diflerence  of  velocities  due  to  a  favourable  and  a  contrary  wind  they  found  to  be  about 
one-eleventh  of  the  whole,  giving  -^  for  the  ratio  of  the  velocity  of  the  wind  to  that  of  Sound  as  their  maiimum^ 
or  50  feet  per  second.  When  the  correction  for  the  temperature  of  the  air  is  applied,  it  will  be  seen  presently 
that  their  result  justifies  the  reliance  placed  on  it  by  its  authors ;  being,  in  fact,  within  about  a  yard  of 
the  trnlh. 

Nearly  about  the  same  time  Bianconi  in  Italy,  and  La  Condumine  at  Quito  and  at  Cayenne,  institute*!  a  series 
of  experiments  for  the  same  purpose,  of  which  uccounts  will  be  tbnnd  in  the  Comment.  BonofL  ih  p.  365  ;  iti  La 
Condamine^s  Introduction  Hhtoriqife^  Sfc,  1751,  p,  98 ;  and  in  the  Mem.  Aead,  Par,  1745,  p.  448.  But  the 
theory  of  Sound  being  at  that  time  but  imperfectly  undersfood,  and  the  necessary  corrections  in  consequence 
being  not  sufficiently,  or  not  ai  all  attended  to.  the  subject  has  been  regarded  as  still  open  to  further  discussion  ; 
and  accordingly  a  great  number  of  researches  by  later  experimenters  have  been  instituted,  of  which  the  principal 
are  those  by  Muller  in  1791,  (GBttiitg.  trcifhrte.  Attzeiffcn,  1791,  No.  159;)  by  Espinosa  and  Banza,  in  Chili,  in 
1794,  (Ann,  de  Chim.  v\l  93;)  by  Benzenberg  in  1S09,  (Gilbert's,  Annalen,  new  series,  v.  383;)  by  Arago, 
Bonvard,  Matthieu,  Prony  and  Humboldt,  and  Gay  Lnssac,  in  lb22,(Co««am.  des  Ttrnpn,  1625,  p,  361;)  by  Moll, 
Vanbeek,  and  Kuyteubrouwer  io  Holland,  in  1822,  {Phil.  Tmna.  1824,  p.  424:)  by  Mr,  Goldinghamjn  1820, 
at  Madras,  {Phit^  Trans.  1823,  p.  ^0  ;)  by  Dr  Gregory,  at  Woolwich,  in  1823,  {Trans,  of  Cambridge  Phil.  Soc. 
1824  ;}  and  by  General  Myrhaeh  and  Professor  Stampfer,  at  Saltzburg,  (Jahrburh  dfs  Poti^tekn.  Instituts  za 
§Fien,  vol,  vii.) 

Of  these  by  far  the  most  considerable  and  circumstantial,  as  well  as  in  all  probability,  from  the  instrumental 
means  employed  and  precautions  used,  tlie  most  exact,  are  those  of  the  Dutch  and  the  Parisian  Philosophers, 
Every  attention  was  paid  in  them  (at  least  in  the  case  of  the  Dutch  experimenters)  to  obtain  signals  strictly 
reciprocal,  by  guns  fired  at  the  same  instant  of  time  at  the  two  ends  of  the  line  of  observation  ;  all  those  cor- 
rections depending  on  Meteorological  ciiTumstances  which  theory  points  out,  and  which  it  will  be  the  object  of 
subsequent  parts  of  this  Essay  to  expbiin*  being  carefully  applied;  and  the  distances  of  the  stations  being  at 
once  considerable,  and  determined  with  sufficient  exactness  by  Trigonometrical  operations. 

One  very  material  difficulty  in  the  way  of  former  observers  (Benzenberg  excepted)  lay  in  the  want  of  adequate 
means  of  measuring  w  ith  precision  intervals  of  lime  to  a  minute  fraction  of  a  second.  This  difficulty  was  obviated 
in  the  experiments  of  the  French  Commissioners,  by  the  use  of  the  stop-watch  of  Breguet,  and  the  chronograph 
of  Rienssec,  a  species  of  watch,  one  of  whose  hands  performs  a  revolution  per  second,  and  can  be  made  to 
touch  with  its  extremity  the  dial-plate,  at  any  instant,  anri  leave  there  a  dot,  without  interrupting  its  motion  of 
rotation,  by  the  sudden  pressure  of  a  small  lever  ;  to  effect  which  it  carries  with  it  a  drop  of  printer's  ink  in  a 
peculiar  and  ingenious  species  of  dotting  pen*  In  the  Dutch  experiments,  a  clock  with  a  conical  pendulum  wai 
used,  capable  of  determining  intervals  to  the  hundredth  of  a  second,  by  suddenly  suspending  the  motion  of  the 
index,  without  stopping  the  clock.     By  the  use  of  these  instruments  it  was  found  practicable  to  ascertnin  the 
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interval  between  the  sight  of  the  flash,  and  the  arrival  of  the  report,  of  a  gun,  with  such  precision  as  to  destroy  all     h 
'  material  error  in  the  result  which  might  arise  from  this  cause ;  an  improvement  of  great  importance,  when  we  ^«^ 
consider  tliat  an  error  of  a  single  tenth  of  a  second  in  the  measure  of  time  is  equivalent  to  110  feet  in  that  of 
distance. 

The  close  agreement  of  the  results  of  these  experiments  Is  a  convincing  proof  of  their  accuracy.  Tlie 
French  Philosophers  state  331*05  met.  =  1086' 1  feet,^  as  the  velocity  of  propagation  of  Sound  in  air  of  the  tcm 
perature  of  freezing  water,  while  the  Dutch  experimenters  make  it  33205  met.  =r  10S9*42  feet  in  perfectly  dry 
air  of  the  same  temperature.  The  latter  seems  to  deserve  the  preference,  if  only  from  the  circumstance  of  the 
signals  firom  which  it  is  deduced  having  been  strictly  simultaneous,  the  guns  at  the  two  extremities  of  the  line 
(nine  miles  in  length)  having  been  fired  at  tlie  same  second  of  time,  while  in  the  former  series  this  exact 
coincidence  was  not  obtained. 

We  subjoin  a  list  of  the  results  arrived  at  in  the  various  determinations  above  enumerated,  with  their  dates^ 
the  distances  of  the  stations  employed^  &c.  to  bring  the  whole  subject  under  one  view. 

Table  I. — Velocity  of  Sound  as  determined  by  varioui  Experiments. 


Obserrar^  Name*. 


Date  of 
Deter 
miDa- 
tion. 
A.  o. 


Distance  of 

Station*  in 

Feet. 


Velocity  in 
English  Feet 
per  second. 


Remarks. 


Mersenoe , 

Florentioe  Academicians , 

Roberval 

Gasseodi 

Boyle  

Roberts 

Walker 

Cassini,  Picard,  Rodiner 

Cassini,  Huygens 

Flamsteed,  Halley 

Derbam 

Cassini  deThury,  Maraldi,  Lacaille    «( 


Cassini,  Lacaille     

Bianconi  

La  Condamine    • 

La  Condamine   

Millington 

T.F.Mayer 

G.E.Mijller 

Piclet  

Espinosa  and  Bauza 

Benzenberg,  (Dus<eIdorff)    

Arago,  Matthieu,  Prony,  Bouvard,  Humboldt 

Moll,  Vaobeek)  Kuytenbrouwer 

Gregory    

Myrbach 

Goldingham,  (Madras)    


1660 

1694 
1698 

1704 
1738 

i739 


1740 
1740 
1744 

i778 
1791 


1794 

7^09 
ld22 

1823 

1823 

1822 

1821 


5906 


{variable  > 
600  to  I 
2370     J 


variable  < 
600  1 
2370 
8186 
9239 
15&10 
/  5280  to  \ 
\    63360  / 
/ 18744  tol 
I  102824  / 


144124 


78740 

67400 

129360 

*'34i2' 
8530 


/ 53626  to) 
I   14071    J 


29764 
61064 

57839 
t  Various 
{  2700 


us  \ 
to  \ 
10  J 


I    13460 
3261.5 


29547 
13932 


1474 
1148 

560 
1473 
1200 
1300 

1305 

1172 
1151 
1142 

114x 
1106 

1093 
1110 


1043 
1112 
1175 
1130 
1105 
1109 
1130 

1222-23 


1093 
1086-1 

1089-42 

1088-05 

10921 

1089-9 
1079-9 

1086-7 


Moll  and  Vaiibeek  state  this  result  at  361  metres  a 
1184  feet.    Our  authorities  are  Derbam  and  Walker 


Eitatf  of  lAuu/md  Motion, 
No  experiments  stated. 

iy  return  of  echos  in  given  times  and  measariDg  dis- 
tance. 

Duhamel. 

Moll  on  authority  of  Duhamel. 

As  stated  by  Derham. 


Near  Paris  at  Montlhery,  Dammartin,  &c.  Thenn.  +5* 

Reaum.«coDsider  their  result  as  within  a  fathom  of 

the  truth. 
Do.  reduced  to  freezing  temperature. 
Between  Sette  and   Aiguesmortes,  3fem.  Acad.  Par, 

1739,  p.   127,  temperature   not   stated,   probably 

about  +  6"*  R. 

At  Quito. 

At  Cayenne. 

Cited  by  Goldingham,  (PhU,  Trant.  1823.) 

Cited  by  Dr.  Gregory,  {J^am.  Phil.  Sac.  CamJtridfe, 

ii.  120.) 
At  Chili,  at  a  temperature  «  74«  7'  Fahr.  mean  of 

four  determinations,  and    mean   temperature,   the 

mean  taken  giving  a  weight  to  each  proportional  to 

the  distance. 
Al  freesing  temperature. 
At  freezing  temperature,  (between  Villejuif  and  Mont- 

Ihery.) 
In  dry  air,  at  freezing  temperature. 

Mean  of  eight  results  given  hy  Dr.  Gregory,  each  sepa* 

rately  reduced  to  the  freezing  temperature. 
Mean  of  88  observations  reduced  to  the  freezingf  tea- 

perature  difference  of  level  of  stations  »>  4474. 
Hygrom.  20-311      Reduced  to  tli«  freezing  tempera- 
Hygrom.  11*85  I  ture.    The  mean  taken  by  attributiog 
■  I  to  each  determination  a  weight  pro- 
Mean  . .  17*4  -^  portional  to  the  distance  of  the  sta> 
tions.    The  nature  of  the  hygrometer  not  stated. 


17.  The  agreement  between  such  of  the  above  results  as  are  reduced  to  the  standard  or  freezing  temperature,  t.  e^ 

of  the  last  six,  and  the  first  determination  of  Cassini  at  Paris,  is  very  close;  their  extreme  discrepancy  being  less 
than  seven  feet,  or  a  160th  of  the  whole  amount,  and  their  mean  (1089*7)  agreeing  almost  precisely  with  the  result 
of  MolU  Vanbeek,  &c. ;  we  may,  therefore,  adopt  1090  feet  without  hesitation  (as  a  whole  number)  as  no  doubt 


id,     wiltiin  a  yiird  of  the  truth,  and  prfrbably  within  a  foot.     The  reduction  to  the  zero  of  temperatiire  has  been  made       ^^rt  L 
^*^  (when  not  performed  by  the  authors  ttiernseives)  on  the  supposition  that  every  additional  deg-ree  of  atmospheric  ^-^^v^*^ 
tempeniture,  on   Faliretiheil's  scale,  adds  1*14  foot  to  the  velocity,  a  correction  of  which   the  g^rounds  will  be  ^*^'^'ty 
hereafter  explaineti.  (See  Art.  68.)  *dopt«l 

111  may,  iherefbre,  be  stated  in  round  numbers,  that  Sound,  in  dry  air  and  at  the  freezing  temperature,  travels  —  losa 
at  the  rate  of  lti90  feet,  or  363  yards  per  .second,  and  that  at  62**  Fahrenheit  (which  is  the  standard  temperature  (eei  per 
of  the  British  metrical  system)   it  runs  over  9000  feet  in  eight  seconds,  12|  British  standard  miles  m  a  minute,  second. 
or  765  miles  iu  an  hour,  which  is  about  three-fourths  of  the  diurnal  velocity  of  the  Earth's  equator,  ^^\ 

Hence,  in  latitude  42|°,  (42°  29' 40'\)  if  a  g^un  be  fired  at  the  moment  a  star  passes  the  meridian  of  any  ^?P'°^^' 
station,  the  Sound  will  reach  any  other  station  exactly  west  of  il  at  the  precise  instant  of  the  same  stars  arriving:  jcuti4  num* 
on  iti  meridian,  ber«. 

In  the  experiments  of  Dr.  Gregory,  the  velocity  of  the  whid  was  measured  by  an  anemometer,  and  allowed        19. 
for.     The  close  ari^rcement  of  their  results  with  those  of  the  Dutch  and  French  observers,  when  the  smallness  of  Compari^t^n 
the  distances  is  tafven  into  consideration,  is  a  strong^  proof  of  the  care  and  accuracy  with  which  they  were  made,  y'^^J,*'*',. 
The  observations  of  Mr.  Ooldiijg:ham,  or  at  least  his  mode  of  stating"  and  reducing^  them,  has  been  strongly,  but  |,a|^tj*tiJo'^' 
we  think  undeservedly,  censured   in  Pog^g'endorlf's  Annalen  der  Physik^  81.  Band.  s.  490.     He  takes  a  mean  of       20 
all   the  velocities  observed  daily,  in  calm  weather,  during   a  very  long  time,   by  the  firing  of  a  morning  and  Remark*  mt 
evening  gun  at  two  stations  visible  from  Madras,  and  a  mean  of  all  the  temperatures,  pressures,  and  hyt^rometer-  some  of  tin? 
readings.     All  that  we  have  done  is  to  apply  the  correction  for  this  mean  temperature  to  his  mean  velocities,  as  »!>"''« 
if  they  had  been  giverr   by  a  sinn;Ie  observation,  a  course,  no  doubt,  perfectly  legitimate,  and  saving-  a  world  of  ^'" 
calculation.     It  is  to  be  lamented  that  the  nature  of  his  hygrometer  is  not  stMed,  as  its  indications  at  present 
are  perfectly  useltss*     The  experiments  of  Espinosa  and  Bauza  ditfer  so  enormously  in  their  reault  from  the 
rest,  even  when  reduced  to  the  freezing  temperature,  that  most  probably  some  fundamental  mistake,  either  in 
their  measurement  of  the  distances,  or  in  the  calculations  founded  on  thero,  must  have  been  committed.     Our 
authority  is  the  AnnalcH  de  Chhnie,  voL  vii.  (N.  S.)  p.  93, 

Derhara  found  that  fogs  and  falling  rain,  but  espetially  snow,  tend  powerfully  to  obstruct  the  free  propagation        21. 
of  Sound,  ivnd  that  the  same  effect  was  likewise  produced  by  a  coating  of  fresh  fallen  snow  on  the  ground,  though  Effect  of 
when  glazed  and  hardened  at  the  surface  by  freezing  it  had  no  such  influence.     Over  water,  or  a  surface  of  ice,  %'jJi:c. 
Sound  is  propagated  with  remarkable  clearness  and  strength.     Dr.  Huttou   relates,  that  on  a  quiet  part  of  the  ©  ^  Y^^ 
Thames,  near  Chelsea,  he  could  hear  a  person  read  distinctly  at    140  1-eet  distance,  while  on  the  land   the  same  Sound. well 
could  only  be  heard  at  76.     Lieutenant  Foster,  in  the  lliird  Polar  Expedition  of  Captain  Parry,  found  that  he  conveyed 
could  hold  a  conversation  with  a  man  across  the  harbour  of  Port  Bowen,  a  distance  of  ^696  feet,  or  about  a  mile  ^"^^^  ^***'' 
and  a  quarter.     Tliis,  however  remarkable,  falls  far  short  of  what  is  related  by  Dr.  Young  on  the   authority  of  ^^^  *^o^^^ 
Derhara,  ni,  that  at  Gibraltar  the  human  voice  has  been  heard  ten  miles,  (perhaps  across  the  Strait.)     We  have 

tnot  been  able  to  find  the  original  passoge  either  in  his  Phymco^TheMiogi^,  or  in   his  dissertation  De  Soni  Motu, 
in  both  which  very  remarkable  instances  are  adduced,  of  which  the  following  will  suffice  as  specimens. 
Guns  fired  at  Carlscroon  were  heard  across  the  southern  extremity  of  Sweden  as  far  as  Denmark;  SO  miles,        2'2. 
as  Derham  states  from  memory,  but  according  to  the  map  at  least  120.  Distancei 

Dr.  Heam,  a  Swedish  physician,  relates  that  he  heard  guns  fired  at  Stockholm*. on  the  occasion  of  the  death  *i  which 
of  one  of  the  Royal  family  in  1695,  at  the  distance  of  30  Swedish,  or  IBO  British  miles.  b^""h*'^T 

The  cannonade  of  a  sea-fight  between  the  English  and  Dutch,  in  1672,  was  heard   across  England  as  far  as     *"   '^^^  ' 
Shrewsbury,  and  even  in  Wales,  a  distance  of  upwards  of  200  miles  from  the  scene  of  action. 

That  Sounds  of  all  pitches,  and  of  every  quality^  travel  with  equal  speed,  we  have  a  convincing  proof  in  the        23. 
performance  of  a  rapid  piece  of  music  by  a  band  at  a  distance.     Were  there  the  slightest  difierence  of  velocity  in  All  loundi 
the  Sounds  of  different  notes,  they  could  not  reach  our  ears  in  the  same  precise  order,  and  at  the  exact  intervals  *ra^tl  wdt 
of  time  in  which  they  arc  played,  nor  would  the  component  notes  of  a  harmony,  in  which  several  Sounds  of  ditferent  ^JbcitT 
pitch  concur,  arrive  at  once.     M.  Biol  caused  several  airs  to  be  played  on  a  Hute  at  the  end  of  a  pipe  951  metres, 
or  3120  feet,  long,  which  w^ere  distinctly  heard  by  him  at  the  other  end,  without  the  slightest  derangement  in 
the  order  or  intervals  of  sequence  of  the  high  and  low  notes.  {Mem.  ffArcueil,  ii.  422.)     A  better  form   of  the 
experiment  would  have  been  to  strike  two  bells  of  very  different  pitch  one  against  the  other,  having  removed 
their  clappers.     Both  their  sounds  would  (no  doubt)  arrive  together. 

*A  very  material  difference,  however,  is  observed  in  the  inieimly  with  which  Sounds  are  propagated,  or  the        g^ 
distances  to  which  they  may  be  heard  with   equal  distinctness   according  to  a   great  variety  of  circumstances,  gif^^i  Jf 
Thus,  if  a  Sound  be  prevented  from  spreading  and  losing  itself  in  the  air,  whether  by  a  pipe,  by  the  vicinity  of  pipes  in 
an  extensive  flat  surface,  as  a  wall,  or  otherwise,  it  may  be  conveyed   to  very  great  distances  with  little  diminu-  convey tng 
lion  of  force.     Tliis  we  observe  familiarly  in  speaking  pipes   conducted   from  one  apartment  to  another  of  a  ^«^^^^' 
building.     In  the  experiments  already  cited  of  M,  Biot,  a  person  being  stationed  at  one  end  of  the  enormous 
tube  above  mentioned,  (which  was  a  combination  of  cast  iron  conduit  pipes  laid  down  for  the  supply  of  Paris 
with  water,  forming  a  continuous  canal  of  equal  internal  diameter  throughout,  and  having  two  flexures  about  the 
middle  of  its  length)  the  lowest  whisper  at  one  end  was  distinctly  heard  tit  the  other,  so  that,  in  fact,  the  only 
way  not  to  be  heard  was  not  to  speak  at  all.     Nay,  so  faithful    was  the  transmission  of  every  agitation  of  the 

I     air,  whether  sonorous,  or  otherwise,  along  the  pipe,  that  a  pistol  fired  at  one  end  actually  blew  out  a  candle  at 
the  other,  and  drove  out  light  substances  placed  there  with  considerable  violence. 
At  Carisbrook  Castle,  near  Newport,  in  the  Isle  of  Wight,  is  a  well,  210  feet  in  depth,  and  12  in  diameter,        25. 
into  which  if  a  pin  be  dropped,  it  will  be  distinctly  heard  to  strike  the  water.     The  interior  is  lined  with  very  i*'^"?*^'. 
smooth  masonry.  Yv*Jll  ™^ 

It  is  evident,  without  entering  into  any  nice  theoretical  considerations,  that  a  mechanical  impulse  of  whatever        gg 
nature  impressed  ou  any  portion  of  the  air  or  other  mediumi  whether  fluid  or  solid,  and  thence  communicated 
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Soutid.  to  tile  surrountling^  parts,  if  allowe<l  to  spread  in  all  directions  as  frora  a  centre,  must  reach  every  more  di^iu 
V^-s^^M^  point  with  an  energy  contmtiaily  leas  and  less,  because  the  same  cjuan^ly  of  motion  is  communirated  in  succ«»- 
Cowveymnee  gion  to  a  larger  and  larger  sphere  of  inert  matter,  but  if  only  allowed  to  spread  in  certain  directions^  its  dii 
tion  will  be  less  rapid  in  proportion  as  the  quantity  of  matter  successively  put  in  motion  increases  less 
Hence  a  Sound  might  be  expected  to  be  conveyed  with  less  diminution  along  a  wall  than  in  the  open  air, 
trough  or  angle  betiveen  the  wall  and  the  g^roand,  in  fact,  forming  two  sides  of  a  square  pipe,  and  the  divei 
of  the  Sound  in  two  directions  being  thereby  in  great  measure  prevented.  Dr,  Hutton  relates  that  pari  of 
wall  of  a  garden,  formerly  in  the  possession  of  VV.  Pitt»  Esq.  of  Kingston,  in  Dorsetshire,  conveys  a  whisper 
this  way  nearly  200  feet.  [Maihemutkal  Diclionanf,  Article  SoKnd,}  II  is  probably  to  some  such  principle  ll 
we  must  refer  a  fact  mentioned  by  the  last-named  author,  which  at  first  sight  appears  surprising  enou^rh 
relates  that  when  a  canal  of  water  was  laid  under  the  pit  t^oor  of  the  Theatre  Del  Argentino^  at  Rome, 
surprising  difference  was  observed.  The  voice  has  since  been  heard  very  distinctly  when  it  was  before 
distinguishable.  It  is  a  general  remark  that  Sounds  are  well  heard  in  buildings  which  stand  on  arches 
water.  The  cause  of  this,  however,  seems  to  be  the  echo  produced  between  the  water  and  the  arch  which 
with^  and  reinforces,  the  original  Sound.  The  Work  just  referred  to  contains  many  curious  instances  of  ihckiod. 
When  Sound  in  the  course  of  its  propagation  meets  with  an  obstacle  of  sufficient  extent  and  regularity  it  ii 
reflected,  producing  the  |)hemimenon  we  ciill  an  Echo,  A  wall,  the  side  of  a  house,  or  the  surface  t^f  a  rock 
the  ceiling,  floor,  and  walls  of  an  apartment,  the  vaulted  roof  of  a  church,  all,  under  proper  circumstances,  give  n^ 
to  Echos  more  or  less  audible.  The  reflected  Sound  meeting  another  such  obstacle  is  again  reflected*  and  thin 
the  Echo  maybe  repeated  many  times  in  succession,  becoming,  however,  fainter  at  each  repetition  till  it  <Lh 
away  altogether.  We  shall  here  set  down  a  few  localities  in  which  Echos,  remarkable  either  for  dtstinctoes&iOC 
frequency  of  repetition,  may  he  heard. 

An  Echo  in  Woodstock  Park,  (Oxfordshire,)  repeats    17  syllables  by  day,  and  20  by  night,  (Plot*  Nai,  HitL 
In^iaiicw  of  Oxford,  eh.  i.  p.  7.)     One  on  the  banks  of  the  Lago  dei  Lupoi  almve  the  fall  of  Ternii  repeals  li, 
rtmarkabk        j^^  the  Abbey  Church  of  St.  Alban*s  is   a  curious  Echo,     The  tick  of  a  watch  may  be  heard   from  one  ed 
of  the  church  to  the  other.     In  Gloucester  Cathedral^  a  gallery  of  an  octagonal  form  conveys  a  whisper  75  ixd 
across  the  nave. 

An  Echo  on  the  north  side  of  Shipley  Church,  in  Sussex,  repeats  21  syllables.  (Cavallo,   ctting  Plot  uA 
Harris.) 
31.  In  the  Cathedral  of  Girgenti,  in  Sicily,  the  slightest  whisper  is  borne  with  perfect  distinctness  from  the  great 

Ecboinibe  western  door  to  the  cornice  behind  the  high  altar,  a  distance  of  250   feet.     By  a  most  unlucky  coiiictdeDoe  tW 
Cathedral     precise  focus  of  divergence  at  the   former  station  was  chosen   for  the  place  of  the  confessional.      Secrets  twf«r 
ftt  Girgeotu  intended   for  the   public  ear  thus   became  known,    to  the  dismay  of  the  confessors,  and   the  scundal  of  Ut 
|>eople,  by  the  resort  of  the  curious  to  the  opposite  point,  (which  seems  to  have  been  discovered  accideoLall?, 
till    at  length,  one  listener  having  had   his  curiosity  sonriesvhat  over-gratified  by  hearing    his    wife's  avowai 
her  own  infidelity,  this  teil-tale  peculiarity  became  generally  known,  and  the  confessional  was  removed,    (7/ 
through  Sicily  and  ike  Lipari  Islands^  in  the  Month  of  December,  1824.     By  a  Naval   Officer-     1  vol- 
London,  1827.) 

3*2-  In  the  Whispering  Gallery  of  St.  Paul's,  London,  the  faintest  Sound  is  faithfully  conveyed  frotti  one  sidtto 

the  other  uf  the  dome,  but  is  not  heard  at  any  intermediate  point 

33,  In  the  Manfroni  Palace  at  Venice  is  a  square  room  about  25  feet  high,  with  a  concave  roof,  in  which  apfnoQ 
standing  in  the  centre,  and  stamping  gently  with  his  foot  on  the  Hoor,  hears  the  Sound  repeated  a  greftt  mtaf 
times,  but  as  his  position  deviates  from  the  centre  the  reflected  Sounds  grow  fainter,  and  at  a  short  dis(»8ee 
wholly  cease.     The  same  phenomenon  occnra  in  the  large  room  of  the  Library  of  the  Museum  at  Naples^ 

34,  Southwell  (PhiL  Tram.  174S,  223.)  describes  an  Echo  in  an  old  Palace  near  Milan,  which  rep««tedi  tk 
Echo  in  ihe  report  of  a  jrislol  56,  or  even  60  times.  His  description  is  singularly  confused,  but  the  palace  iB  do  doubt  tbil 
SimoneUa     of  Simonetta,  mentioned  by  Addison  in  his  Travels.     This  was  a  building  with  two  wings,  forniing  three  ^d^tif 

a  square.  The  pistol  was  discharged  from  a  window  in  one  wing*  the  Sound  was  returned  from  a  dead  wdl  ifl 
the  olher  wing,  and  heiird  from  a  window  in  the  back  front.  (Hutton,  Art.  Echo.  Misson,  I  o^.  tfltal,  ii,  1911) 
The  Palace  still  exists,  but  ear- witnesses  have  described  the  phenomenon  to  us  somewhat  ditferenily.  The  £ehot 
are  heard  at  the  window  whence  the  pistol  is  fired. 

35,  Beneath  the  Susj>ension  Bridge  across  the  Menai  Strait,  in  Wales,  close  to  one  of  the  main  pfera,  In  a  tecork* 
Echo  und«r  ably  fine  Echo.  The  Sound  of  a  blow  on  the  pier  with  a  hammer,  is  returned  in  succession  from  each  of  the 
ft^/^*"*^  cross-beams  which  support  the  roadway,  and  from  the  opposite  pier  at  a  distance  of  5*6  feet,  and,  in  tMi* 
Bridge.        ^.^^  j^  ^jjj^  ^^^  Sound  is  many  times  repeated  between   the  water  and  the  roadway.     The  effect  is  a  series  of 
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Sounds  which  may  be  thus  written     ^A     ;  |  f  I   ^    j   ''    ]  '^  "j    [    \       I       ^^1^^],^ 

is  sharp  and  strong,  from  the  roadway  over  head,  the  rattling  which  Bucceeds  dies  away  rapidly,  but  the  sir^le 
cuss  ion  from  the  opposite  pier  is  very  strong,  and  is  succeeded  by  a  faint  palpitation,  repeating  the  Sound 
rate  of  US  times  in  ^ve  seconds,  and  which  therefore  corresponds  to  a  distance  of  1H4  feet,  or  very  ntrnHj 
double  interval  from  the  roadway  to  the  water.  Thus  it  &f>pears,  that  in  the  repercussion  between  the  water  l 
roadway,  that  firom  the  latter  only  atfects  the  ear,  the  line  drawn  from  the  auditor  to  the  water  beia^  tooobliqae 
for  the  Sound  to  diverge  sufficiently  in  that  direction.  Another  peculiarity  deserves  especial  notice;  r*f.  that 
the  Echo  from  the  opposite  pier  is  best  heard  when  the  auditor  stands  precisely  opposite  to  the  middle  of  Ik 
readth  of  the  pier  and  strikes  just  on  that  point.  As  he  deviates  to  one  or  the  otl*er  side  the  rcturo  i* 
proportionably  fainter,  and  is  scarcely  heard  by  him   when  hia  station  i»  a   little  beyond  the  extreme  tdgeid 
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the  pier,  though  another  person  atalioned  (on  the  !*ame  side  of  the  water)  at  an  equal  distance  from  the  centra!       ''art!, 
point,  SQ  as  to  have  the  pier  between  them,  hears  it  well.     Thus,  in  tlie  reflexion  of  Sound,  there  »s  an  evident  jT^^^^*^ 
approach  to  the  lawofcquahtj  between  tKe  aiig"les  of  inridence  and  reflexion  which  obtains  in  that  of  Llg'ht ;  and  iije^an'ir'ie* 
a  tendency  in  the  reflected  Sound  to  confine  itself  to  the  direction  winch  a  ray  of  I^ig^ht  reg^ularly  reflected  at  the  ol  inndcnc* 
echoing  snrtace  would  follow,  and  not  to  spread  into  ifie  surroundtngp  air  equally  in  all  directions.     Tfiis  cxpe-  smd  re«ex- 
liment  (whkh  we  had  an  opportunity  of  makinpr,  with  the  assistance  of  Mr,  Babbag-e,  in  1827)  might  be  carried  '^"» 
much  farther  under  more  favourable  circumstances;  and,  we  doubt  not^  would  lead  to  remarkable  confirmalionH 
of  the  law  of  interference,  and  the  general  analogy  between  Sound  and  Light,  to  which  all  Optical  and  Acmtstical 
phenomena  point,  and  of  which  we  shall  have  occasion  to  say  more  hercarter.     (See  also  our  Essay  on  Light.) 
The  span  of  the  bridge  between  the  piers  is  576  feet,  and  the  hreadth  of  each  pier  about  30  feet. 

The  most  favourable  position  for  the  production  of  a  distinct  Echo  from  plane  sorfaces  ii?,  when  the  auditor  is        36. 
placed  between  two  such,  exactly  halfway.     In  this  situation  the  Sounds  reverberated  from  both  will  reach  him  Situttbiw 
at  the  same  instant,  and  reinforce  each  other.     If  nearer  to  one  surface  than  the  other,  the  one  wil!  reach  him  f**^i*ribl€ 
sooner  than  the  other,  and  tlie  Echo  will  be  double   and  confused.     If  the  Echoing  surface  be  concave  towards 
him,    the   sounds   reflected     from   its  several   points    will,   after   reflexion,   converge   towards  him,  exactly  aa 
reflected  rays  of  Light  do;   and  he  will  receive  a  Sound  more  intense  than  if  the  surface  were  plane,  and  the 
more  so  the  nearer  it  approaches  to  a  sphere  concentric  with  himsjelf:  the  contrary  if  convex,     if  the  Echo  of 
a  Sound  excited   at  one   stalion   be  required   to  be  heard  most  intensely  at  another,  the  two  stations  ought 
to  h^  tojtjugate  foci  of  the  reflecting  surface,  i.  e,  such  that  if  the  reflecting  surface  were  polished,  rays  of  Light 
diverging  from  one  would  he  made  after  reflection  to  converge  to  the  other.     Hence  if  a  vault  be  iit  the  form  of 
a  hollow  ellipsoid  of  revolution,  and  a  speaker  be  placed  in  one  focn?,  his  words  will  be  heard  by  an  auditor  in 
the  other  as  if  his  ear  were  close  to  the  other's  lips.     The  same  will  hold  good  if  the  vault  be  composed  of  two 
segments  of  paraboloids,  having  a  common  axis,  and  their  concavities  turned  towards  each  other;  only  in  this 
case.  Sounds  excited  in  the  focus  of  one  segment  will  be  collected  in  the  focus  of  the  other,  after  two  reflexions. 

An  attention  to  the  doctrine  of  Echos  is  of  some,  though  we  think  a  rather  overrated,  importance  to  the  37. 
architect  in  the  construction  of  buildings  intended  for  public  speaking,  or  music,  especially  if  they  be  large.  In  S'^**^*  ?^ 
small  buildings,  the  velocity  of  Sound  is  such  that  the  dimensions  of  the  building  are  traversed  by  the  reflected  rkufpU(. 
Sound  in  a  time  too  small  to  admit  of  the  Echo  being  dlHtinguiHlted  from  the  principal  Sound.  In  great  ones,  and  public 
on  the  other  hand,  as  in  Churches^  Theatres*  and  Concert  rooms,  the  Echo  is  beard  after  the  principal  Sound  has  building*, 
ceased;  and  if  the  building  be  so  constructed  as  to  return  several  Echos  in  very  different  times,  the  eff*ect  will  be 
unpleasant.  It  is  owing  to  this  that  in  Cathedrals  the  service  is  usually  read  in  a  sustained  unifii^rm  tone^  rather 
that  of  singing  than  speaking,  the  voice  being  thus  blended  in  unison  with  its  Echo,  A  good  reader  will  time  his 
syllables,  if  possible,  so  as  to  make  one  fall  in  with  the  Echo  of  the  last,  which  will  thus  be  merged  in  the  louder 
Sound,  and  pniduce  less  confusion  in  his  delivery.  For  nuisic,  in  iipartmcnls  of  moderate  size,  all  objects  which  can 
obstruct  the  free  reflexion  of  Sound  from  the  walls,  floor,  and  ceiling  are  injurious,  The  Echo  is  not  sensibly 
prolonged  after  the  original  Sound,  and  therefore  only  tends  to  reinforce  it,  and  is  of  course  highly  advantageous. 
In  large  ones,  an  Echo  can  only  be  advantageous  in  the  performance  of  slow  pieces,  (as  Church  music.)  The 
prolongation  of  a  chord,  after  the  harmony  is  changed,  can  be  productive  of  nothing  hut  dissonance.  When  ten 
notes  succeed  one  another  in  a  second,  as  is  often  the  case  in  modern  music,  the  longitudinal  Echo  of  a  room  55 
feet  long,  will  precisely  throw  the  second  reverberation  of  each  note  on  the  principal  Sound  of  the  following  one 
wherever  the  auditor  be  placed;  which,  in  most  cases,  will  produce  (in  so  far  as  it  is  heard)  only  discord*  Much 
mistake  seems  to  be  prevalent  on  this  subject.  Thus  it  is  said  that  the  form  of  an  orchestra  should  be  para- 
bolic, &c.  that  the  rays  of  Sound  should  be  reflected  out  in  parallel  lines  to  the  audience.  But  even  if  they  were 
so,  the  reflected  Sound  cannot  possibly  reach  them  in  the  same  time  with  the  direct ;  and  in  Acoustics  it  is  of  little 
moment  in  what  direction  sounds  reach  the  ear^  which  is  not,  like  the  eye,  capable  of  appreciating  direction  with 
any  precision,  or  collecting  the  rays  or  waves  of  Sound  to  a  focus  within  the  ear.  It  is  not  possible  to  place  a 
whole  band  in  the  focus  of  a  parabolic  or  elliptic  orchestra,  or  a  whole  audience  in  that  of  a  corresponding  opposite 
segment.  We  may  add,  too,  that  an  apartment  would  be  worse  lighted,  were  its  internal  surface  a  polished 
semi-ellipsoid,  with  a  candle  in  the  focus,  than  if  it  were  of  the  usual  shape,  and  its  walls  and  ceiling  a  dead 
white.  Tlie  object  to  be  aimed  at  in  a  Con  cert- room  is,  not  to  deafen  a  favoured  few,  but  to  fill  the  whole 
chamber  equally  with  Sound,  and  yet  allow  the  Echo  as  little  power  to  disturb  the  principal  Sound,  by  a  lingering 
after- twang,  as  possible.  But,  whether  for  music  or  for  oratory,  open  windows,  deep  recesses,  hangings,  or 
carpeting,  and  a  numerous  audience  in  woollen  clothing,  are  all  unfavourable  to  good  hearing.  They  are  to  Sound, 
what  black  spaces  in  an  apartment  would  be  to  light ;  they  return  back  none»  or  next  to  none,  of  what  falls  on 
them.     Their  fault  is  not  so  much  that  they  reflect  it  irregularly,  as  that  they  do  not  reflect  it  at  all 

The  rolling  of  thunder  has  been  attributed  to  Echos  among  the  clouds ;  and  if  it  is  considereti  that  a  cloud  is  a       ^®* 
collection  of  particles  of  water,  however  minute,  yet  in  a  liquid  state,  and  therefore  each  individuaily  capable  of^^^^rben.' 
reflecting  Sound,  there  is  no  reason  why  very  loud  Sounds  should  not  l>e  reverberated  confusedly  (like  bright  lights)  ^„^  f^m 
from  a  cloud.     And  that  such  is  the  ease,  has  been  ascertained  by  direct  observation  on  the  Sound  of  cannon,  ih«  d«uds, 
Messrs.  Arago,  Mattbieu,  and  Prony,  in  their  experiments   on  the  \elocity  of  Sound,  observed,   that  under  a 
perfectly  clear  sky,  the  explosions  of  their  guns  were  always  heard  single  and  sharp,  whereas  when  the  sky  was 
overcast,  or  even  when  a  cloud  came  in  sight  over  any  considerable  part  of  the  horizon,  they  were  frequently 
accompanied  with  a  long  continued  roll  like  thunder,  and  occasionally  a  double  Sound  would  arrive  from  a 
single  shot. 

But  there  is,  duubtless,  also  another  cause  for  the  rolling  of  thunder,  as  well  as  for  all  ita  sudden  and  capri.       39. 
cious  bursts  and  variations  of  intensity,  of  which  our  knowledge  of  the  velocity  of  Sound  turnishes  a  perfect  E»pliin«tioo 
ciplaaation.     To  understand  this,  we  must  premise  tbat,  cttUris  paribu.^,  the  estimated  intensity  of  a  Sound  will  «^  ^  ^^'^'i**' 
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Sound.      }yQ  proportional  lo  the  quantity  of  it  (if  we  may  so  express  ourselves)  which  reaches  the  ear  ia  a  gvren  tiiue 

— 'N'^**'  Two  Mows  equally  loud,  at  prechely  the  same  distance  from  the  ear\  will  Sound  as  one  of  double  the  intenstty;  ^ 

a  hundred,  struck  iu  an  instant  of  lime,  will  sound  a.s  one  blow  a  hundred  tiTne<$  more  intense  than  if  thej  followed 

in  Huch  slow  succession  that  the  ear  could  appreciate  them  singly.     Now  let  us  conceive  two  equal  flaiihei  of 

lightning*  each  four  miles  long,  both  beg-iuning  at  points  equidistant  from  the  auditor,  but  the  one  imuuBf 

out  in  a  straight  line  directly  away  from  him  ;  the  other  describing  an  arc  of  a  circle  having  hira  in  its  oentfe* 

Since  the  velocity  of  Electricity  is  incomparably  greater  than  that  of  Sound,  the  thunder  may  be  regarded  ai 

orii^inaiuisi  at  one  and  tlie  sume  instant  in  every  point  of  the  course  of  either  flash.     But  it  will  reach  tbeiar 

under  very  difterent  circumstances  in  the   two  cases.     In  that  of  the  circular  flash,  the  Sound  from  every  point 

will  arrive  at  the  same  instant,  and  affect  the  ear  as  a  single  explosion  of  stunning  loudness.      In  that  of  tbe 

rectihncar  flash,  on  the  other  hand,  the  Sound  from  the  nearest  point  will  arrive  sooner  than  from  tho!»etti 

greater  distance  ;  and  those  from  different  points  will  arrive  in  succession^  occupying  altogether  a  time  equal  to 

that  required  by  Sound  to  run  over  four  miles,  or  about  20  seconds.   Thus  the  same  amount  of  Sound  is  in  the  latte 

case  distributed  uniformly  overSU  seconds  of  time,  which  in  the  former  arrives  at  a  single  burst ;  of  course,  il«iQ 

have  the  effect   of   a  long  roar,  diminishing  in   intensity  as  it  comes  from  a  greater  and  greater  distance.    If 

the  Oash  be  inclined  in  direction,  the  Sound  will  reach  the  ear  mort  compacily^  (L  e.  in  shorter  time  fitMD  tta 

commencen^entj  and  be  proportionally  more  intense.     If  (as  is  almost  always  the  case)  the  flash  be  zigzftg,  iid 

composed  of  broken  rectilinear  and  curvilinear  portions,  some  concave,  some  convex  to  the  ear ;   and  if*  esptdiOy, 

the  principal  trunk  separates  into  many  branches,  each  breaking  its  own  way  through  the  air^  and  each  b«QOBii| 

a  separate  source  of  thunder,  all  the  varieties  of  that  awful  Sound  are  easily  accounted  for* 

We  will  only  mention  one  other  phenomenon  which  is  accountable  for  on  the  same  principle.      In  the  crupUoi 

of  a  volcano  it  is  often  remarked,  that  every  ejection  of  stones,  &c*  is  accompanied    with    an   explosion  lib 

artillery  when  heard  at  a  distance;  but  when  near,  the  Sound  resembles  rather  that  of  a  loud  and  deep  fl|^ 

unaccompanied  with  any  sudden  burst.     In  both  cases  the  cause  of  Sound  is  the  same,  the   upward  rush  anl 

e  erup-       displacement  of  the  air  bv  the  stone ;  but  where  the  auditor  is  near  the  bottom  of  the  column  of  Sound,  it  ret< 
ttons  ol  vol-    .  .  '  -       1       ♦,    I  1  I*  ,    ,         i-  t  ■  »-  i*  1,  .  \      m       I 

canos.  his  ear  more  m  detail  than  when  at  a  distance,  and  theretore  nearly  equidistant  from  all  its  parts.      In  »ct,Ml 

t  =  the  time  taken  by  the  stone  to  rise  to  a  height  j,  and  let  a  be  the  distance  of  the  observer  from  the  botlo^ 

^  \j^  -f-  j^ 
of  the  column,  and  t)  the  velocity  of  Sound,  then  will  t  + =  time  elapsed  from    the   cnommt  rf 

ejection  to  that  of  the  Sound  of  the  column  at  the  height  x  reaching  the  ear.     Hence  the   whole  Soiund  of  till, 

^  Q^  -i^  x"*  —  a 
portion  j  of  the  column  will   arrive  in  an  interval  of  time  represented  by  ^  -( — — —  .      Kow,  as  i 
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increases,  x,  and  therefore  t  remaining  constant,  this  function  diminishes  rapidly,  and  ultimately  approaches fnf 
its  limit.  Thus  the  Sound  arrives  continually  more  and  more  condensed.  Should  any  dischar^  be  ouil 
obliquely  towards  the  oliserver's  station,  a  still  greater  concentration  of  the  noise  will  happen,  as  may  he  cuijf 
seen  by  considering  that  if  shot  directly  towards  him»  with  the  velocity  of  Sound,  the  report  would  reach  M 
from  every  part  of  the  Hue  strictly  at  the  same  moment.  Now,  as  these  ejections  have  been  known  to  risefevi 
height  of  10,000  feet,  in  spite  of  the  resistance  of  the  air,  their  initial  velocity  must  be,  at  least,  equal  lo  tlnlil 
Sound.  At  great  distances  it  is  probable  that  only  the  Sounds  produced  by  such  oblique  ejections  have  iatavlf 
or  (as  we  may  express  it)  body  enough  to  affect  the  sense. 

4  11.  Mathematical  Theory  of  the  Propagaiwn  of  Sound  in  Air,  and  other  Elastic  Fluid  Media, 
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A  general  notion  of  the  mode  in  which  an  impulse  communicated  to  one  portion  of  the  air,  or  other  ei»H^c 
fluid,  is  diffused  through  the  surrounding  portions,  and  successively  propagated  to  portions  al  a  grt^Ui  ui 
greater  dislance  from  the  original  source  of  the  motion,  maybe  obtained  by  considering  the  way  in  whklk  t 
tremor  runs  along  a  stretched  cord,  or  in  which  waves  excited  in  the  surface  of  still  water  dilate  ihemsihif 
circularly,  and  propagate  a  motion  impressed  on  one  point  of  the  surface,  in  all  directions  to  a  distance.  In  l^ 
former  case,  conceive  a  blow  given  to  a  point  in  the  middle  of  the  cord,  transversely  to  its  length.  The  poinitn 
which  the  blow  is  given  will  he  thrown  out  of  the  straight  linCp  and  a  flexure,  or  angle^  will  be  formed  in  tbtf 
part.  Owing,  however,  to  the  inertia  of  the  cord,  the  displacement  of  the  particles  in  the  first  instant  will  bf 
confmcd  to  the  immediate  neighl>ourhood  of  ihe  point  of  impnlse;  so  that  the  cord  will  not  at  once  assume!^ 
state  represented  in  fig,  1,  consisting  of  two  straight  portions  A  B,  B  C,  forming  a  very  obtuse  an«rle  ABC; 
but  rather  that  in  fig.  2,  in  which  the  greater  part  on  either  side  A  D,  D  C»  retain  their  original  position;  and  a 
small  part  D  B  E,  proportioned  to  the  violence  and  suddenness  of  the  blow,  is,  as  it  were,  bulged  out  into  n 
angular  form  D  B  E.  The  particle  at  B  then  is  solicited  on  both  sides  by  the  tension  of  the  cord  in  diitclMMi 
B  D,  BE  ;  but  these  tensions,  which  in  the  quiescent  stale  of  the  string  exactly  counteracted  each  other,  iWW 
only  do  so  in  respect  of  tliose  parts  of  each  which,  when  resolved*  act  in  directions  parallel  to  D  A,  EC  r^sft^ 
tively.  The  other  resolved  portitms,  perpendicular  to  these,  conspire  and  urge  the  point  B  towards  its  point  rf 
departure  6.  As  there  is  no  force  to  counteract  this  (the  impulse  being  supposed  momentary)  B  will  obey  thta 
solicitation,  and  approach  b  with  an  accelerated  velocity.  But,  action  and  reaction  being  equal  and  contnirr,llt 
same  force  by  which  the  molecule  E  drags  B  dowUt  will  be  exerted  on  E  to  drug  it  up,  or  out  of  the  line;  so  that 


by  the  time  B  has  performed  half  ils  course  towards  h,  E  will  hare  bpen  raised  above  the  line,  and  will  have 
^  acquired  a  velocity  capahlo  of  carrying  it  slili  farther  in  that  direction.  At  this  instant  the  cortl  will  have  assumed 
the  figure  A  D'D  B  E  E'  C,  At  the  next  moment  the  forces  are  reversed,  B  then  tend?j  to  drag  both  D  and  E 
down  to  the  line  ;  but  its  own  acquired  momciitiim  is  expended  tn  the  effort,  and  by  the  time  it  has  reached  its 
original  place  in  the  line,  its  inertia  is  destroyed,  and  it  rests  there  without  a  tendency  to  go  beyond  it  on  (he 
other  side.  Meanwhile,  however,  D  and  E  have  attained  their  greatest  elevation  ;  and  thus  the  protuberance 
DEE  h  resolved  into  two  D'D  B  and  BEE'  (of  less  height,  however)  on  either  side.  In  like  manner  the 
particles  D  and  E,  in  retnrning  to  their  places,  drag  up  the  next  adjoining  D'  and  E\  and  then  the  next,  and  so 
on  ;  and  thus  the  summits  of  the  protuberances  advance  along  the  line,  and  correspond  in  succession  to  all  its 
points;  and  the  visible  effect  is  an  undulation,  or  wave,  which  runs  along  the  cord  with  a  velocity  greater  tfie 
greater  is  the  force  with  which  the  cord  is  strained,  as  it  manifestly  ought  to  be,  since  the  rapidity  with  which  each 
molecule  returns  from  its  displaced  situation  is  greater  as  the  force  urging  it  is  so ;  and  this  force  is  nothing 
more  than  the  resolved  part  of  the  tension. 

In  hkc  manner,  when  a  wave  is  excited  in  the  surfiice  of  water,  as  when  by  throwing  in  a  stone  one  portion 
is  violently  driven  down^  and  the  surrounding  part  heaped  up  above  its  natural  level ;  this  subsides  and  fills  up 
the  vacuity  ;  but  as  its  pressure  takes  place  alike  on  both  sides  of  the  ridge»  the  fluid  on  the  outside  of  the  ridge 
is  also  pressed  on,  from  below  upwards,  by  the  reaction  of  the  fluid  stratum  which  sustains  the  ridge,  and  whose 
pressure  is  propagated  equally  in  alt  directions.  Thus  the  ridge,  in  subsiding,  not  only  fills  up  the  centra! 
vacancy,  but  forces  up  another  ridge  exterior  to  it;  and  this,  in  subsiding,  another,  and  so  on  ;  and  thus  an 
advancing  wave  is  formed  ;  and  the  same  action  taking  place  on  all  sides  of  the  centre,  the  wave  can  advance 
no  otherwise  than  in  the  direction  of  radii  on  all  sides  diverging  therefrom* 

It  is  by  no  means  intended,  in  what  is  here  said,  to  give  an  accurate  account  of  what  passes  in  either  of  these 
eases,  {in  fact,  it  is  very  fur  from  being  so,  as  the  reader  by  a  little  attention  will  soon  perceive,)  but  only  to  give 
a  first  conception  of  the  propagation  of  motion  by  undulations  or  waves. 

In  this  general  account  of  the  above  cases,  one  thing,  however,  cannot  fail  to  strike  the  reader,  thai  the  wave 
which  advances  on  the  surface  of  water — the  sin»iosity  which  runs  along  the  stretched  cord — are  neither  of 
them  things,  but /o^ttw.  Tliey  are  not  nfioving  masses  advancing  in  the  direction  tn  which  they  appear  to  run, 
but  outlines,  or  figures,  which  at  each  instant  of  time  include  all  the  particles  of  the  water  or  the  cord  which*  it 
is  true,  are  moving,  hut  whose  motion  is  in  fact  transverst  to  the  direction  in  which  the  waves  advance.  But  this 
is  by  no  means  an  essential  condition.  We  may  generalize  this  idea  of  a  wave,  and  conceive  it  as  the  form, 
space,  or  outline,  whether  linear  or  superficial,  comprehending  all  the  particles  of  an  undulating  body  which  are 
at  once  in  motion,  (supposing,  for  the  present,  that  the  motion  of  each  consists  of  a  simple  displacement  and 
return  to  quiescence,  and  not  in  a  repetition  of  several  such  displacements  and  returns  in  succession.) 

The  waves  in  a  field  of  standing  corn,  as  a  gust  of  wind  passes  over  it,  afford  a  famihar  example  of  the  rela- 
tion between  the  motion  of  the  wave,  and  that  of  the  particles  of  the  waving  Wly  comprised  within  its  limits, 
and  of  the  mutual  independence  which  may  in  certain  cases  subsist  between  these  two  motions.  The  gust  in 
its  progress  depresses  each  ear,  in  its  own  direction,  which,  so  soon  as  the  pressure  is  removed,  not  only  returns, 
by  its  elasticity,  to  its  original  upright  situation,  but  by  the  impetus  it  has  thus  acquired,  surpasses  it,  and  bends 
over  as  much,  or  nearly  as  much,  on  the  other  side ;  and  so  on  alternately,  oscillating  backwards  and  forwards 
in  equal  times,  but  continually  through  less  and  less  spaces,  till  it  is  reduced  to  rest  by  the  resistance  of  the 
air.  Such  is  the  motion  of  each  individual  ear ;  and  as  the  wind  passes  over  all  of  them  in  succession,  and 
bends  each  equally,  all  their  motions  are  so  far  similar.  But  they  differ  in  this,  that  they  commence  not  at  once, 
but  successively.  Suppose  (to  fix  our  ideas)  the  wind  runs  over  100  feet  in  a  second,  and  that  the  ears  stand 
one  foot  asunder,  and  each  makes  one  complete  vibration  to  and  fro  in  a  second.  Suppose  A  {^^.  3)  to  be  the 
furthest  point  which  the  wind  at  any  given  instant  of  time  has  reached,  or  the  last  ear  which  it  has  just  bent,  and 
let  the  action  of  the  wind  be  regarded  as  lasting  only  for  a  single  instant.  Then  will  the  next  preceding  ear  B 
have  already  begun  to  rise  Irom  its  bent  position,  the  next  C  will  have  risen  rather  more,  and  the  25th  ear  G 
(since  the  distance  AF  is  25  feet,  and  consequently  since  ^^f^  ^  J  of  a  second  have  elapsed  since  the  wind  was 
at  G)  will  have  gone  through  one-fourth  of  its  complete  vibration  to  and  fro,  and  will  have  therefore  just  attained 
its  upright  position  ;  so  that  the  ears  F,  E  immediately  adjacent  towards  A  will  not  yet  have  quite  recovered  their 
perpendicularity,  but  still  lean  somewhat  forwards ;  while  those  on  the  otlier  side  H,  I  will  have  surpassed  the 
perpendicular,  and  have  begun  to  sway  backwards;  consequently  at  G  the  stalks  will  on  both  sides  be  convex 
towards  G.  and  the  ears  in  that  place  will  be  further  asunder  than  in  their  state  of  rest,  and  will  appear  as  it 
were  rarefifd  when  viewed  by  a  spectator  so  distant  as  to  take  in  a  great  extent  at  once.  Still  further  in  rear  of 
the  wind,  as  50  feet,  at  L,  the  50th  ear  will  have  swung  backwards  as  far  as  possible,  and  will  just  have  its  motion 
destroyed.  The  preceding  stalk,  K,  will  still  want  somewhat  of  its  extreme  backward  flexure;  the  subsequent 
one,  M,  wUl  already  have  risen  a  little,  and  therefore  the  interval  of  the  ears  K,  N  will  be  just  what  it  was  in  the 
sstate  of  rest.  At  L,  then,  the  spectator  will  see  the  ears  at  their  natural  distances  from  each  other.  Again  the 
75th  stalk,  Q,  in  rear  of  the  wind  will  have  had  time  to  rise  again  erect  from  its  backward  inchnation,  three- 
fourths  of  a  second  having  elapsed  since  its  first  bending  forward.  Tlie  74th,  P,  will  not  be  (juite  erected  ; 
the  76th  will  have  surpassed  the  erect  slate,  and  have  again  begun  to  lean  forward.  The  stalks  then  on  both 
sides  of  Q  will  curve  towards  Q,  and  their  ears  will  therefore  be  closer  together  than  in  their  natural  state,  and 
will  appear  condensed  to  the  spectator  above  mentioned.  Finally,  the  99th,  100th,  and  101st  ears  will  be  again 
in  the  same  relative  state  as  the  40th,  50th,  and  5 1st ;  only  leaning  forwards  instead  of  backwards,  and  therefore 
neither  condensed  nor  rarefied.  The  field,  then,  will  present  to  the  spectator  a  series  of  alternate  condensations 
and  rarefactions  of  the  corn  ears,  separated  by  intervals  in  their  natural  state  of  density ;  and  this  series  will 
extend  so  far  in  rear  of  the  wind,  till  the  resistance  of  the  aJr  and  want  of  perfect  elasticity  in  the  stalks  aiiall 
vot*  JV.  5  w 
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Sound,     have  reduced  them  to  rest,  and  these  alternations,  by  the  difference  of  shading  they  ofier,  will  become  ^parent 
>^  v^*^  to  his  sight  as  dark  and  bright  zones. 

46.  It  matters  not,  for  our  present  purpose,  that  the  impulse  is,  in  the  case  here  taken,  not  propagated  mechani- 

Velocity  of  cally  from  ear  to  ear  by  mutual  impulse,  but  that  each  moves  independently  of  all  the  rest.  All  we  want  to 
the  wave  illustrate  is  the  cUstinction  between  the  wave  and  the  moving  nuUter^  and  the  independence  of  their  motions. 
ed  fromthat  '^^  waves  here  run  along  with  the  speed  of  the  wind,  whatever  that  may  be ;  for  it  is  always  the  p<Mnt  25  feet 
in  rear  of  the  wind  that  is  most  rarefied,  and  that  at  75  that  is  most  condensed  ;  and  the  interral  between  the 
first  and  100th  ear,  comprehending  ears  in  every  state  or  phate  of  their  vibrations,  is  what  we  term  a  wave,  ^e 
velocity  of  the  wave,  then,  is,  in  this  case,  that  of  the  wind ;  and  is  totally  distinct  from,  and  independent  c^  fhai 
of  each  or  any  particular  ear.  The  one  is  a  constant,  the  other  a  variable  quantity  ;  the  one  a  general  result- 
ing phenomenon,  the  other  a  particular,  individual,  mechanical  process,  going  on  according  to  its  own  laws. 

Neither  is  it  of  the  least  consequence  whether  the  excursions  of  the  several  stalks  from  their  position  of  rest 
be  great  or  little ;  whether  the  degree  of  bending,  or  force  of  the  wind,  be  great  or  small,  provided  its  velocity 
be  constant.     In  the  case  of  wind,  indeed,  the  force  depends  on  the  velocity  ;  but  if  we  conceive  the  impulse 
their  ezcur-  g^yen  by  a  rigid  rod  made  to  sweep  across  the  field,  any  g^reater  or  less  degree  of  flexure  might  be  given,  with 
thcTLite  of  ^^^  same  velodty,  by  a  mere  change  of  its  level ;  but  Uie  velocity  of  the  wave  would  still  be  that  of  the  rod  in 
every  case. 

But  with  respect  to  the  breadth  of  the  wave,  or  the  magnitude  of  that  interval  which  comprises  partides  in 
every  phase  or  state  of  their  motion,  going  and  returning,  it  is  otherwise.  This  is  a  result  depending  essentially 
on  the  motions  of  the  particles  themselves ;  for  we  see  evidently  in  the  above  instance,  that  this  breadth,  which 
is  100  feet,  is  equal  to  the  space  run  over  by  the  wind  in  a  time  equal  to  that  of  one  complete  vibration,  going 
and  returning,  of  each  individual  ear.  Now  this  time  depends  only  on  the  elasticity  of  the  stalk,  and  the  weight 
of  the  ear  it  carries.  In  general  then  we  may  state,  that  **  The  breadth  of  a  wave  is  equal  to  the  space  nm  over 
by  it  in  a  time  equal  to  that  in  which  any  molecule  of  the  waving  body  performs  one  complete  vibration,  going 
and  returning,  through  all  the  phases  of  its  motion."  In  the  case  here  taken,  the  motion  of  the  individual  mde- 
cules  is  not,  as  in  the  former  instances,  transverse  to  that  of  the  wave,  but  parallel  to  it  It  is  then  hudly  to 
be  termed  a  form,  or  an  outline.  To  such  a  wave,  the  term  puhe  is  often  applied.  Wliatever  be  the  nature  of 
the  internal  motions,  however,  the  general  name  wave  or  undulation  will  equally  apply,  and  will  be  used  in 
future  indiscriminately  for  all  sorts  of  propagated  impulses.  It  is  not  even  necessary  that  the  motions  of  the 
constituent  particles  ^ould  be  rectilinear,  or  even  lie  in  one  plane.  We  may  suppose  the  impelling  cause  to  be  a 
whirlwind.  In  this  case  each  ear  will  have  a  rotatory  or  twirling  motion,  or  the  stalk  a  conical  one,  simply,  or 
in  addition  to  its  flexure  in  a  vertical  plane ;  but  the  wave  is  independent  of  these  particularities. 

In  the  case  just  described,  each  particle  is  supposed  to  be  set  in  motion  by  an  external  cause,  and  to  be  imin- 
fluenced  in  its  motions  by  the  rest.  It  is,  therefore,  not  a  case  of  the  propagation  of  motion  at  all.  It  is  quite 
otherwise  with  Sound,  or  other  similar  cases,  where  every  particle  of  a  medium  receives  its  whole  motion  from 
those  which  were  moving  before,  and  transmits  it  to  others  previously  at  rest  The  problem  to  investigate  the 
general  laws  of  the  communication  of  motion  under  such  circumstances  is  one  of  the  utmost  complexity,  and 
at  present  has  been  only  resolved  under  very  restricted  conditions  ;  enough,  however,  to  verify  principal  fitcts, 
and  establish  leading  points,  in  the  doctrine  of  Acoustics.  We  shall  be  far  fh>m  attempting  to  present  here  any 
thing  approaching  to  a  sketch  of  the  profound  geometrical  researches  which  have  been  bestowed  on  this 
department  of  Physics,  contenting  ourselves  with  referring  the  reader  for  a  knowledge  of  them  to  the  various 
Memoirs  of  Euler,  D.  Bemouilli,  Lagrange,  Poisson,  &c.  See  (1.)  Recherches  $ur  la  Nature  et  la  Propaga* 
tion  du  Soiu  par  L.  de  Lagrange,  Mem.  Acad,  Turin^  i.  247.  (2.)  Euler,  Recherches  tur  la  Propagation  da 
Ebranlemens  dans  un  Milieu  EUuiique,  Miscel,  Turin^  ii.  (8.)  Nouvelles  Recherches  mr  la  Propagation  du  Son, 
par  M.  Lagrange,  Miscel,  Turin,  ii.  (4.)  Euler,  De  la  Propagation  du  Son,  Mkm,  Acad.  Berlin,  1759,  p.  185, 
and  Supplement,  p.  210,  and  Continuation,  p.  241.  (5.)  Euler,  Edaircissemens  plus  dStailles  surla  Propagation 
du  Son  et  sur  (Echo,  Mkm^  Acad,  Berlin,  1765,  p.  335.  (6.)  Poisson,  Sur  tlrUigration  de  qudques  EquationM 
Lineaires  des  Differens  Parlielles,  Mkm,  de  VAcad.  Paris,  1818,  p.  121.  (7.)  Poisson,  Sur  la  ThSorie  da  Son, 
JourruU  de  I'Ecole  Polytechn,  xiii.  319. :  while  we  confine  ourselves  to  just  so  much  developement  of  the 
mathematical  analysis  of  the  subject  as  will  suffice  for  the  demonstration  of  the  chief  theoretical  propositions  we 
shall  have  occasion  for  in  the  sequel. 

Let  us  then  consider,  as  the  simplest  case,  the  propagation  of  Sound  in  a  straight  canal  of  equal  boro  through- 
Propagation  out,  filled  with  air  or  any  other  elastic  fluid  of  equable  densitv  and  elasticity,  unacted  on  by  gravity,  and  of  which 
of  Sound  in  ^^^^  transverse  section  is  so  small,  and  the  sides  so  perfectly  polished,  that  we  may  regard  the  motions  of  all 
dimension.  P&1^><^1^  1^  ^he  same  section  as  exactly  similar ;  so  that  each  section  shall  merely  advance  and  recede  in  the 
pipe,  without  any  lateral  change  of  place  of  its  constituent  molecules  inter  se.  Let  A  B  (fig.  4)  be  such  a  pipe, 
and  let  any  section  of  it,  as  A,  be  agitated  by  an  external  cause,  with  any  arbitrary  motion,  t.  e.  one  whose  dura- 
tion and  extent,  and  whose  velocity  at  every  instant,  shall  be  entirely  dependent  on  the  will,  or,  if  we  please,  the 
caprice  of  an  external  operator  sufficiently  powerful  to  command  it ;  and  let  us  inquire  how  any  other  section 
whatever,  situated  at  any  assigned  distance,  x,  from  A,  will  move  in  consequence  of  this  arbitrary  motion  of  A* 
Let  us  then  conceive,  that,  in  general,  the  section  or  stratum  of  molecules  a  abb,  whose  distance  firom  the 
initial  place  A  of' the  section  A  is  represented  by  x,  shall,  afler  the  lapse  of  any  time  t,  have  been  transported 
into  the  situation  a  a/9  /9,  at  a  distance  A  a  =  y  from  the  same  fixed  point  A.  Let  x'  x'\  &c.  be  the  distances  of 
the  next  consecutive  sections  from  the  fixed  point  A,  in  their  state  of  rest,  and  y\  y",  &t.  their  distances  alter 
the  lapse  of  ihe  same  time  i.  Then  wiL  y  —  r  =  d  j:,  j:"—  j?'=  d  x^,  jp"'  -^  x"  =i  d  x",  &c.  be  the  thicknesses  (sup- 
posed infinitely  small)  of  these  strata,  or  the  spaces  occupied  by  them  (taking  the  area  of  the  section  fi^r  unity) 
in  their  quiescent  state,  and  / — y  =:  d  y,  y"  -  y'  =  rfy',  y"'-  y"  =r  dy",  &c.  the  same  in  their  state  of 
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motion.  Now  as  these  strata  were  in  contact  at  the  orig^in  of  the  motion,  and  are  held  together  hy  the  pressure 
of  the  mirroimdiii^  fluid,  they  will  remain  in  contact,  and  advance  and  recede  alonij  the  pipe  as  one  mass,  only 
the  space  they  wilt  occupy  at  ditferent  points  of  their  motion  will  be  variable,  according^  to  the  dep^ree  of  conden- 
sation or  dilatation  they  may  have  underg^one  in  virtue  of  their  motion  itself,  If,  for  instance*  at  any  moment 
the  hinder  of  ihem  d^he  in  the  act  of  urging  forward  the  next  dy\  it  will  be  condensed;  if  retreating,  rarefied 
in  comparison  with  the  slate  of  the  preceding  one  dy'\ 

Now  any  stratum  of  molecules  d  \f  interjacent  between  two  others  dy  and  d  y"  can  only  undergo  a  change 
in  its  velocity  when  urged  by  some  force,  and  the  only  force  which  can  urge  it  is  the  ditlerence  of  pressures  it 
may  experience  on  its  two  faces  by  the  difference  (if  any)  of  the  elasticities  of  the  adjacent  strata  dy*  and  dy. 
If  we  can  estimate  this,  the  laws  of  Dynamics  will  enable  us  to  express  the  consequent  change  of  motion.  To 
this  end,  then,  let  the  elasticity  of  the  air  in  its  (Quiescent  state  be  represented  hy  E,  which  is  a  given  quantity, 
and  is  measured  by  the  weight  of  a  column  of  mercury  sustained  by  it,  or  by  the  length  of  a  homogeneous 
column  of  air  of  the  same  density,  whose  weight  shall  suffice  to  keep  it  so  compressed,  or  be  equal  to  that  of 
the  colnmn  of  merciir)'  in  the  barometer*  Then,  since  the  elasticity  of  air  is  inversely  as  the  space  it  occnpies, 
{cmitru  paribm^)  the  elasticity  of  the  air  when  occupying  the  stratum  dx  t  its   elasticity  when  occupying 

d  £ 
dy  : :  dy:  ds,  and  therefore  the  elasticity  when  occupying  the  space  rfy  =^  E  .   --j — *     Similarly  the  elasticities 

ay 

d^'        ,^      djr" 
of  the  air  occupying  d  y*  and  d  y"  will  be  represented  by  E  *  — — -  and  E  .  -     .^ ,     Hence  the  plane  separating 

djp  dx' 

the  strata  dy  and  dy*  will  be  pressed  forward  by  the  elasticity  E  ,   -z-—^  and  backward  by  E  .  -t-t*    ^^  ^^^^ 

f  f  y        d!  J"  \  ^     d  x 

•^— , -—  J  that  is>  by—  E  d  -= — ,  the  differentials  being  all  on 

dy'        dy/  dy  ** 

the  supposition  of  ^,  the  time  being  constant,  and  t  andy  only  variable.  Now,  if  we  denote  by  H  the  length  of  a 
homogeneous  column  of  air  necessary  to  counterbalance  the  elasticity  of  the  quiescent  air,  and  by  D  its  density, 
we  have  H  D  :=  its  weight  =  the  elasticity  E,  and  dx\  D  =  the  weight  of  the  stratum  d  t\  which^  substituting 

E  E  ,      dj 

for  D  its  value -r—,  becomes  da:'  .  -jz-.     Thus,  then,  the  moving  force  —  Ed  ^—  is  exerted  in  urging  for- 
H  H  ay  ° 

E 
ward  a  weight  =  d  x\  -rj-,  and  is  therefore  equivalent  to  an  accelerating  force 
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regarding  dx  as  constant,  or  all  the  strata  dx,  dx\  d£\  &c.  as  originally  equal. 

Now  the  distance  of  the  mass  thus  urged  from  the  fixed  point  A»  at  the  expiration  of  the  time  f,  is  y'.  Hence, 
if  we  regard  only  the  motion  of  the  particle  d  y^  (or  which  comes  to  the  same)  of  d  y>  which  is  in  contact  with 
it,  we  have  by  Dynamics 
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where  2  g  :=  &"^  BOSS  ==  32-180  British  standard  feet  and  gravity,  for  the  unit  of  accelerating  force,  and  in 
which  equation  t  is  expressed  in  mean  solar  seconds  ;  and  all  linear  quantities,  such  as  H,  «,  y,  in  metres  or 
feet,  according  as  we  take  the  metre  or  foot  as  the  unit  of  linear  measure* 

This  is»  in  fact,  an  equation  of  partial  differentials,  y  being  at  once  a  function  both  of  x  the  original  distance 
of  the  stratum  dx  from  the  origin  of  the  motion,  and  of  i  the  time  elapsed.  In  its  present  form,  simple  as  it 
appears,  it  is  aUogether  intractable  and  incapable  of  integration.  Jn  fact,  it  embraces  a  class  of  dynamical 
problems  of  very  great  complexity ;  for  it  is  evident  that  since  no  hypothesis  has  been  made  in  any  way  limiting  the 
extent  of  the  excursions  of  the  original  or  subsequent  strata  from  their  points  of  quiescence,  this  equation  must 
contain  the  general  expression  of  all  possible  motions  of  elastic  fluids  in  narrow  pipes,  whether  great,  as  when 
urged  by  pistons  or  driven  by  bellows,  or  small,  as  are  the  tremors  which  cause  Sound.  In  the  theory  of  Sound 
we  suppose  the  agitations  of  each  molecule  so  minute  as  not  to  move  it  sensibly  from  its  point  of  rest  Expe- 
rience confirms  this.  Sounds  transmitted  through  a  smoky  or  dusty  atmosphere  cause  no  visible  motion  in  the 
smoke  or  floating  dust,  unless  the  source  of  Sound  be  so  near  as  to  produce  a  wind^  which*  however,  is  always 
insensible  at  a  very  moderate  distance. 

If  we  introduce  this  condition^  the  equation  (a)  admits  of  integration ;  for  the  whole  amount  of  motion  of  each 
molecule  being  extremely  minute,  their  differences  for  consecutive  molecules,  or  the  amount  of  the  rarefactions 


54. 

Limitation 
in  the  ctM 
of  Sound. 


and  condensations  undergone,  must  be  much  more  so. 


dy 

Hence  the  value  of  ^-,  which  expresses  the  ratio  of 


55. 

SiinpliUca^ 
tion  oF  Ibt 
final  equif' 
(ion. 


the  condensation  of  the  stratum  d  y  in  motion  and  in  rest,  may  be  regarded  as  equal  to  unity,  and  the  equation 
becomes  simply, 

-~|-  =  «»^,     where  os^^IjH;  (6) 

&P2 
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Sound,     which  is  the  equation  of  Sound  regarded  as  propagated  in  one  dimension,  that  of  length,  only  ;  or»  as  prevented     ^ 
'  from  spreading  laterally  by  a  pipe.  ^-^ 

The  complete  integral  of  this  equation  is  well  known  to  be 

where  F  and /denote  arbitrary  functions  of  the  quantities  within  the  parenthesis,  and  which  must  be  determined 

by  a  consideration  of  the  initial  state  of  the  fluid,  or  by  the  nature  of  the  motion  originally  communicated  to  its 

molecules. 

57.  Let  us  then  suppose,  that,  at  the  commencement  of  the  motion,  we  have  impressed  on  each  section  of  the 

DetermiDt-  fluid,  along  its  whole  extent,  any  arbitrary  velocities  and  condensations,  by  any  means  whatever,  so  as  to  coni> 

tion  of  the   prehend  in  our  investigation  all  possible  varieties  of  initial  motion,  whether  expressible  by  regular  analytical 

arbitrary      functions,  or  depending  on  no  regular  law  whatever.     It  is  manifest  that  these  conditions  will  be  expressed  by 

unctions.     QggmnJQg  arbitrary  functions  of  «r,  such  as  0  (jr)  and  ^r  (j?)  for  the  initial  values  of  the  two  partial  cUflferentials 

d  y  d  y 

'  and  -T^»  whereof  the  former  represents  in  all  cases  the  velocity  (o)  of  a  particle  which  would  be  at  the 

d  t  a  X 

distance  x  from  the  origin  of  the  coordinates  in  the  state  of  equilibrium,  and  the  latter  the  linear  extent  (e)  of 
that  particle  compared  with  its  original  extent,  to  which  its  density  and  elasticity  are  reciprocally  proportional. 
Now,  differentiating  (c)  we  get  for  the  general  values  of  v  and  t 


=  4t  =«{F(a:  +  aO./(*-aO};  (rf) 


dt 

6  =  4^  =F'(a?  +  aO-f/'(a?-aO;  (0 

a  X 

consequently  their  initial  values,  making  <  =  0,  will  be 

0(x)  =  a.{F'(x)-/'(x)} 

whence  we  get  immediately 

P'(*)=^{«V^(')+0W};/'(')  =  -^{«f  W-0(j?)};       (/) 

and  multiplying  by  dx  and  integrating 

FW  =  2^/{«^(*)  +  0(*)}«i*;       /(*)=  2^/{  a  ^(*)-0  (*)}<£,; 

and  thus  the  forms  of  the  functions  F  and  /become  known  when  those  of  0  and  Y^  are  given. 
59,  The  question  of  the  propagation  of  Sound,  however,  does  not  require  us  to  concern  ourselves  with  these 

ExDressioo  functions,  as  a  knowledge  of  the  actual  velocity  aud  density  of  any  molecule  at  any  instant  is  sufficient  for  oar 
of  the  state  purpose.     Substituting  then  in  ((2)  and  (e)  for  F  and  /*,  the  forms  corresponding  in  0  and  yr,  we  get 

of  any  mole- 

insunj. "'  t»  =  4f  =  I-  {  V'  (*  +  «  0  -  ^  (*  -  «  0  }  +   4  {  *  (*  +  a  0  +  0  (»  -  «  0  }  ; 


dt 


*~77='T^^^*'*""'^  +  ^^*"*^^+27^'^^*  +  *'^~*^*~'*'^J' 


(A) 


or,  as  it  may  also  be  written^ 


v^—  {<t>(ji'\'at)  '\'ait{x  +  a()}'{'  —  {4>ix-'  at)''a^{x^a()}',  (t) 

c=:— -{0(4?  +  aO  +  aYr(x4.aO}-s— {*(*-"«0-«Y^(*-«0}.  iS) 

59^  These  are  essentially  the  same  expressions  with  those  given  by  Euler  in  his  Paper  on  the  Propagation  rf 

Sound,  in  the  BerUn  Memoirs  for  1759,  and  by  Poisson  in  his  elaborate  Memoir  on  the  Motion  of  Elastic  Fluids 

in  Pipes,  and  on  the  theory  of  Wind  Instruments,  and  they  comprise  the  whole  theory  of  the  linear  propagation 

of  Sound.    But  before  we  proceed  to  the  interpretation  of  their  meaning  in  particular  cases,  we  have  a  few  remarks 

to  make  on  their  general  form. 

60.  And,  first,  it  is  evident,  that  since  the  variable  quantity  x  enters  into  all  the  terms  both  of  v  and  e  under  the 

functional  characteristics,  these  quantities,  regarded  as  functions  of  U  &i^  modifled  essentially  by  the  value  of  x. 

Remarks  on  which  may  be  regarded  as  a  parameter,  or  constant  element  in  the  composition  of  the  functions  expressing  the 

these  ex-      nature  of  the  motion  of  any  assigned  molecule.     If  only  x-^- at,  or  only  x  —  aU  separately  entered  under  the 

pressiuns.  /*\  /*\,  ..-  ,, 

characteristics,  since  dP  +  a<  =  af<-| 1  and  jp  —  a<=:  —  fll< Ithe  variation  of  a  would  only  vary 


the  origin  of  t ;  and  the  motions  of  all  the  successive  molecules  would  be  performed  according  to  the 

laws,  only  commencing  at  a  different  epoch  for  each  molecule  ;  but,  as  both  these  quantities  are  involved,  that 
will  not  be  universally  the  case.  Consequently,  in  general,  it  appears  that  the  undulation,  or  pulse,  as  it  is 
propagated  onward,  becomes  modified  essentially  in  its  quality  by  the  distance  it  has  passed  over,  it  is  no  longer 
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ni 


the  iame  wund^  i.  e.  not  identical  with  what  would  be  produced  by  ahifling  the  initial  Blratiim  forward.  Its 
velocity,  ititensity,  and  pitch,  it  is  true,  will  remain  (as  we  shall  see)  unaltered  ;  but  its  quality^  its  mode  of 
action  on  the  ear,  (which  must  be  differently  affected  by  changes  in  the  nature  of  the  impulse  made  on  it,)  will 
undergo  a  chang^e.  This  establishes  an  esaential  difference  between  a  Sound  wave  and  such  a  wave  as  we  took 
for  anillusLration  in  Art,  45,  where  every  point  was  in  succession  agitated  by  the  same  identical  motion. 

Consequently  every  theory  of  Sound  in  which  it  is  assumed  that  the  several  particles  in  a  sounding  column  are 
all  in  successlou  agitated  alike,  is  defective.  This  is  the  case  with  Newton's  doctrine  of  the  propagation  of  Iniccur»- 
Sound  as  deUvered  in  the  47th  proposition  of  the  2nd  book  of  the  Principia^  ^nd,  were  there  no  other  objection  cie«iiiN«fw- 
against  it,  would  sullice  to  vitiate  the  whole.  This,  and  other  unsatisfactory  points  in  the  celebrated  theory  *^"  *  theory 
alluded  to,  were  first  distinctly  perceived  and  pointed  out  by  Lagrange,  in  the  first  volume  of  the  Turin  Miscel- 
lanies, and  an  exact  and  rigorous  investigation  substituted  in  its  place,  in  which  the  sounding  column  is  regarded 
as  consisting  of  a  series  of  finite,  insulated  particles,  mulually  repelling  each  other ;  a  mode  of  conception 
whicli  leads,  by  a  very  complicated  analysis,  to  the  same  results  witli  that  above  stateil,  but  which  has  the  advan- 
tage of  setting  in  a  distinct  light  the  internal  mechanism,  if  we  may  so  term  it,  by  which  Sound  is  propagated^ 
and  to  which  we  therefore  willingly  refer  the  reader* 

Moreover,  since  by  differentiating  the  equation  (d)  we  get 


% 
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^  =  a*  {  F"(*  +  aO  +r  (*  -  «0  )  . 


this  will  be  proportional  to  the  accelerating  force  acting  on  the  molecule.     It  la  therefore  by  no  means  universally 

proportional  to  3^  —  ^,  the  distance  of  the  molecule  from  its  point  of  rest ;  and  therefore  another  assumption  on 
which  the  Newtonian  doctrine  of  Sound  rests,  mz,  that  the  motion  of  each  molecule  necessarily  follows  the  law  of  a 
vibrating  pendulum,  is  equally  destitute  of  foundation.  In  fact,  Cramer  had  shown,  before  tlie  examination  of 
Iiagrange,  that  any  other  law  of  molecular  motion  might  be  substituted  in  Newton's  enunciation  of  his 
general  proposition,  and  the  demonstration  would  be  equally  conclusive^  and  the  resulting  velocity  of  Sound  the 
same. 

Let  us  now  descend  more  into  particulars ;  and,  first,  let  us  suppose  the  initial  state  of  the  fluid  to  consist  in        6^* 
a  general  repose  of  the  whole  of  an  infinitely  extended  column,  except  a  very  small  portion  at  A  the  origin  of  ^*^  ^^  * 
the  coordinates,  which  we  will  suppose  agitated  with  any  arbitrary  motion.     Tliis  is,  in  fact»  the  simplest  case  of  ^o*^,!^^^, 
the  production  of  Sound ;  the  initial  disturbance  of  the  air  being  always  confined  within  extremely  small  limits  turbftnce* 
compared  to  the  distances  to  which  the  Sound  is  propagated*     Let  us  then  conceive  the  initial  disturbance  to 
take  place  over  a  minute  length  2  a  of  the  column,  whose  middle  we  will  suppose  to  be  in  the  origin  of  the  x. 
This  amounts  to  supposing  0  (x)  ^  0,  and  "^  (x)  ^  1,  for  every  value  of  x  not  comprised  within  the  limitd 
7  :=  ^  a  and  x  ^  -f"  ^1  admitting  them  to  have  any  arbitrary  values  between  these  limits. 

If  we  suppose  now  Ho  be  less  than   ,  and  regard  at  first  what  happens  only  on  the  posfttve  side  of       ^54 
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the  origin  of  the  x,  since  (  <  -^ we  have  a  i  <  «  -  *»,  and  therefore  jt  —  a  i  >  +  a,  and,  d  fortiori,  y^^^""^^^ 


jr  +  a  t  >  -j-  a,  consequently  for  all  values ^of  t  less  than 


X  —  a 


lurbatijce^ 


we  have  0  (x  -  a  0  =  0,  ^  (»  +  a  Q  s=  0  ;  ^'^2. 


natiag  %Ta6^ 


^  (x  -  a  0  =  ^  (*  +  fl  0  =  1 ;  and  therefore  for  all  values  of  t  less  than we  have  t?  =  0,  and  e  :=  L    *"  '^^ 

Consequently  the  molecule  at  the  distance  x  fi-om  tlie  origin  of  the  coordinates,  will  remam  at  rest  and  uncon- 

densed,  or  expanded,  so  long  as  t  remains  less  than  ;  that  is,  for  a  time  proportional  to  the  distance 

from  the  nearest  point  of  the  initial  disturbance.  But  the  moment  t  has  attained  this  limit,  0  (x  ±  a  i)  will  have 
finite  values,  and  ^  (x  ±  a  0  values  differing  from  unity,  and  t?  and  e  will  consequently  have  such.     The  particle 

then  will  begin  to  move,  and  to  undergo  a  change  of  density,  and  will  continue  to  do  bo  till  I  ^  ,      At 

Uits  limit  we  have  x  ~ai  =  ~  a,  x  +  at^  2at  -  a=s2(xH-  a)  -  a  £s  2  x  +  a,  and  consequently  x  +  a «  > 
+  u.  Hence  at  this  limit  we  have  again  0  (x  —  al )  s  0  (x  +  a  0  =  ^»  ^^^  ^  (x  —  a  0  =  V^  (^  +  ^  0  =  1. 
and  the  motion  and  condensation  of  the  particle  will  cease  ;    and  will  not  be  resumed  afterwards,  because  the 

supposition  t  >   ^  gives  x  ~  ai<  -  a,  and  x  +  a<  >  2x  -f  a,  and,  d  fortiori^  >  +  a,  so  that  the 

functions  retain  their  values  0  and  1  from  this  moment  for  ever* 

Thus  we  see  that  the  molecule  distant  by  x  from  the  origin  of  the  coordinates  will  remain  at  rest  for  a  certain        55 

X  —  «  ,.  ..  .1*  .  ,  ^  -{-  ^  .1   —  o     Vetocitv  of 

time  i  = ,  will  then  begm  to  move,  and  continue  moving,  durmg  a  time  equal  to  Sound  uni. 

«  a  fl         form. 

-= —^  or  till  t  =  — ^  »  and  vrill  then  return  to  a  state  of  permanent  rest.    A  similar  reasoning  will 

a  e 

apply  for  negative  values  of  x.    Hence  if  we  consider  any  two  molecules  at  distances  x,  x'  from  A,  we  see  that 
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Sound,     the  more  distant  will  commence  and  terminate  its  motion  later  than  the  nearer,  by  an  interral  of  time    hoi 
s=  .    This  then  is  the  time  required  for  the  propagation  of  the  impulse,  or  Sound,  o«er  the  idtennediate 

space  y  —  or,  and  being  proportional  to  that  space,  the  velocity  of  propagation  must  be  itnifonn,  mod  moat  ba 

(jp'  —  J*  space  \ 

=       ^        =  -p —  1.    Hence  it  follows  that  the  vdociijf  qf  Sound  u  wd- 

farm^ — is  independent  of  the  nature,  extent,  and  intensity  of  the  primitive  disturbance^  {for  the  arhiirary  fiait' 
•iiiT^'**'  ^n*  do  not  enter  it,)  and  is  expressed  by  the  quantity  we  have  called  a,  that  is  V2gH' 

66.  ^^  us  reduce  this  to  numbers,  in  order  to  compare  theory  with  observation.    To  this  end,  if  we  tall  A  the 

Fint  ip-  density  of  mercury,  h  the  height  of  the  mercury  in  a  barometer  exposed  to  the  same  pressure  as  the  abunding 
proximaUoii  column,  and  D  the  density  of  the  air  in  it,  we  have  for  the  height  d  a  homogeneous  column  of  such  4ir  capable 
to  iu  nume-  ^^  counterbalancing  the  elasticity  of  the  sounding  fluid,  the  following  value 

H  =  A  .  "|^» 

and,  calling  V  the  velocity  of  Sound,  we  should  have 


=  n/ 


2yA.-A 


Now,  at  the  freezing  temperature,  and  in  a  mean  state  of  barometric  pressure,  we  have,  according  to  Bioi, 

A 
h  =:  0"^.  76  ;  2  g  £=  9*^.  8088 ;  and  —-  =  10463 ;  so  that  we  obtain,  by  executing  the  numerical  operatioiii^ 

V  c=  279-^.  29  ==  916*^.  322. 

67.  <  The  actual  value  of  V  obtained  by  experiment  is,  as  we  have  seen,  1089.42.  The  difference,  173  feet,  is  neaily 
Grett differ- ^ne-sixih  of  the  whole  amount^  a  discrepancy  far  too  g^reat  to  be  Mributed  to  any  inaccuracy  in  the  determi- 
COM  b«-  nation  of  the  data,  whidi  arte  all  of  the  utmost  precision.  It  is  evident,  then,  that  there  is  something  radically 
^^***^  insufficient  in  the  the<M^» 49^  Abdve  delivered;  and,  accordingly.  Geometers  fbr  a  long  while  endeaToored  to 
PMiBAiitr*  Account  for  it  on  variowl  suppositions.  Newton,  who,  by  a  singularly  happy  coincidence,  which  certainly 
on  the  as-  deserves  to  be  called  a  dividatioo,  had,  from  a  theory  totally  inapplicable  in  all  its  points,  elicited  the  cotrect 
'^thesM^'  expmsion  "^2  jrH  above  demonstrated,  for  the  velocity  of  Sound,  and  who  immediately  enooimtex«d  tfab 
^  difficulty  on  deducing  Stt  numerical  value,  endeavours  to  acconnt  for  the  deflciedt  178  feet  by  supposing  the 

.  molecules  of  the  air  to  be  actual  spherical  solids  of  a  certain  diameter,  (^|  of  the  interval  between  them,)  and 

tempUMo  ^^^  ^®  Sound  is  propagated  through  them  instanter.     It  is  needless  to  comment  on  this  explanation.    Lagraqge 

account  treats  the  whole  matter  lightly,  and  seems  inclined  to  attribute  the  deviation  of  fact  from  theory  to  eiroaeoas 

lor  it.  data  ;   in  other  words,  dissembling  the  difficulty,  which  Euler,  on  the  contrary,  broadly  acknowledged ;   and 

considered  that  it  might  possibly  arise  from  an  incorrectness  of  analysis,  in  assuming  the  factor  f  -r-^  j  =:  1  in 

the  equation  (a)  Art  53,  previous  to  integration.  The  true  explanation  was  reserved  fbr  the  sagadty  of  Laplace. 
But  before  we  state  it,  it  will  be  necessary  to  consider  what  will  be  the  effect  of  variations  of  temperaiore  and 
pressure  on  the  velocity,  according  to  the  principles  already  laid  down,  and  the  formula  arrived  at. 

68.  With  regard  to  an  increase  of  pressure,  its  effect  is  to  increase  the  density  of  the  air ;  but  since  at  the  same 
Effect  of  va-  time  it  increases  its  elasticity,  and  in  exactly  the  same  ratio ;  the  mass  to  be  moved,  and  the  moving  force,  are 
riatioDs  of  increased  alike,  and  therefore  the  accelerating  force  remains  unaltered.  The  velocity,  therefore,  ought  to  undeigo 
and^res^^  no  change  by  this  alteration.  On  the  other  hand,  an  increase  of  temperature,  under  a  constant  pressure,  tends 
sure  on  the  to  dilate  the  air,  and  either  renders  it  more  elastic  in  the  same  space,  or  more  rare  with  the  same  elasticity. 
velocity  of  Hence,  on  a  variation  of  temperature,  the  moving  force  remains  unaltered,  while  the  mass  moved  decreases,  and 
Sound.        therefore  an  acceleration  in  all  the  resulting  motions  must  arise.    The  velocity  of  Sound  then  ought  to  be  g^reater 

in  warm  than  in  cold  air,  ceteris  paribus.  These  two  conclusions  are  both  amply  confirmed  by  ezperimenL 
They  agree  too  with  the  formula  above  stated ;  for,  if  we  denote  by  (A)  the  mean  height  of  the  mercury  in  the 
barometer  (0*^.76),  and  by  (D)  the  density  of  air  under  this  pressure  at  the  fireezing  ten^ratui«,  since,  by  the 
experiments  of  Gay  Lussac,  aur  expands  0*00375  of  its  volume  by  every  degree  centigrade  of  increase  of  temper- 
ature* iu  density  under  the  pressure  (A)  at  any  other  temperature  +  t°  (centig.)  will  be      ■'     ^    \ ,  and 

under  the  pressure  h  it  will  ^e  —  X   ,    .  ^    0*00375    ^  ^  '    ^"^^^^^^^^^J  ***«   expression   (Art  66 )  for 

the  velocity  becomes  . 

V=  \/2g{h)  •  (5j-  X  (1  +  T. 0-00375). 
Now,  if  we  call  (V)  the  velocity  under  the  mean  pressure  (A),  and  at  the  freezing  point,  this  gives 

(V)  =  y/TTw^, 
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'**'      and  thei^fore  V  =  (V)  ,  -^  1  +  t  .  0  00375  ^  (V)  {  I  +t .  0001875  }  , 

ror  if  T  he  expressed  in  degrees  of  Fahrenheit's  scale, 
V==  (V){l  +  T.O"O01042}; 

which  shows,  first,  that  the  velocity  is  independent  of  the  pressure,  since  A  is  not  contained  in  its  expression ; 
and  thatt  secondly,  t  increases  by  very  nearly  the  0■00187S^  part  of  its  whole  quantity  for  every  deprree  centi* 
grade,  or  ^  X  tJ'0Oi875  =  0*001042  for  every  degree  Fahrenheit  above  the  freezing  point,  that  is  in  ieet  1*136, 
(see  Art,  17.)  and  decreases  by  the  same  quantity  for  each  dep^ree  below  freezing. 

The  law  of  Mariotte,  which  makes  the  elastic  force  of  the  air  proportional  to  its  density,  and  which  has       69. 
been  employed  in  estimating^  the  elasticity  with  which  each  molecule  of  the  aerial  column  resists  condensation,  Laplace^s 
and  tranf*miLs  it  to  its  neighbour,  assumes  that  the  temperature  of  the  whole  mass  of  air  is  alike,  and  undergoes  ^j^P^*nai">« 
no  change  in  the  act  of  condensation,  and  is  therefore  only  true  of  masses  of  air  which,  after  compression,  are  ^al/mbo^ 
of  the  same   temperature  as  before.     But  it  is  an  ascertained  fact,  that  air  and  all  elastic  gaseous  fluids  give  (nentinned. 
out  heat  in  the  act  of  compression,  L  e.  actually  become  koittr^  a  part  of  their  latent  heat  being  developed,  and 
acting  to  raise  their  temperature.     This  Is  rendered  evident  in   the  violent  and  sudden  condensation  of  air  by  a  He»t  deve- 
tight-fitting  piston  in  a  cylinder  closed  at  the  end.     The  cylinder,  if  of  metal,  becomes  strongly  heated;  and  if  a  f'"?**!  lo  air 
piece  of  tinder  be  enclosed,  on  withdrawing  the  piston  it  is  found  to  have  taken  fire ;  thus  proving  that  a  heat,  compression 
not  merely  trifling,  but  actually  that  of  ignition,  has  been  excited,  of  at  least  1000°  of  Fahrenheit's  scale.     Now 
when  we  consider  how  small  the  mass  of  air  in  such  an  experiment  is»  compared  with  that  of  the  including 
vessel,  which  rapidly  carries  off  the  heat  generated^  it  is  evident  that  if  air  by  any  cause  could  be  compressed  to 
the  same  degree  without  contact  of  any  other  body,  a  very  enormous  heat  would  be  generated  tu  it.     It  would, 
therefore,  resist  the  pressure  much  more  than  if  cold  ;   and,  conset|uently.  would  require  a  much  more  powerful 
force  to  bring  it  into  that  state  of  condensation  than,  according  to  Marriotte's  law»  would  be  necessary. 

Air,  then,  when  suddenly  condensed,  and  out  of  contact  with  conducting  bodies,  resists  pressure  more  (i,  e.        7U. 
requires  a  greater  force  to  condense  it  equally)  than  when  slowly  condensed,  and  the  heat  developed  carried  off  Inflticijcc  of 
by  the  contact  of  massive  bodies  of  its  original  temperature.     In  other  words,  it  is  under  such  circumstances  thi9Cftu«€in 
more  dastict  and  our  analytical  expression  for  its  elasticity  must  be  modified  accordingly.     In  fact,  the  conden-  ^^i^nTr*" 
Ration  of  the  aerial  molecules  in  the  production  of  Sound  is  precisely  performed  under  the  circumstances  most  Sownd. 
favourable  to  give  this  cause  its  full  influence;  the  condensations  being  so  momentary  that  thert  is  no  time  for 
any  heat  to  escape  by  radiation;  and  the  condt^nsed  air  being  in  contact  with  nothing  but  air.  differing  irtfiniteM- 
molly  from  its  own.  temperature ;  so  that  conduction  is  out  of  the  question.     Let  us  see  now  how  this  will  affect 
the  matter  in  hand. 

It  was  assumed  in  Art.  35,  that  the  elasticity  of  the  air  occupying  the  space  <f  x,  or  (E)  :  its  elasticity  when        71. 
occupying  dy  : :  dy  i  dx.     But,  in  fact,  the  varied  temperature  being  taken  into  account,  the  latter  ratio  should  Modifica* 
have  stood  i:  dy  (1  +  ax)  :  d^  (1  ^  ciT%  where  a  denotes  the  coeflicient  0*00375,  and  t  and  t'  the  original 

and  altered  temperatures  in  centrigrade  degrees.     Hence  in  place  of  E  .  - —  we  must  have  E  .  -j*-  .  r-^ , 


lion  of  the 
quir<'il  by  it. 


'  dx 

that  is,  E  .  -T—  {  I  +  a  (/  —  t)  }  ,  for  the  elasticity  of  the  molecule  of  air  when  occupying  the  space  d  y, 
a  y 

because,  the  condensations  being  all  along  supposed  exceedingly  small,  t'  differs  from  t  only  by  a  quantity  of  the 
same  order  as  the  condensations ;  so  that  (t^  —  t)*  and  its  higher  powers  may  be  neglected. 

Now,  whatever  may  be  the  law  according  to  which  the  temperature  of  a  mass  of  air  is  increased  by  a  sudden        72* 
diminution  of  its  volume,  it  is  obvious  that  for  very  small  condensations,  such  as  those  considered  in  the  theory  Aniljsii. 
of  Sound,  the  rise  of  temperature  will  be  proportional  to  the  increase  of  density ;  because,  the  quantity  of  latent 
heat  having  sustained  only  a  very  minute  diminution,  by  a  given  extremely  small  condensation,  a  repetition  of 
the  same   condensation   will  develope  a  quantity  of  heat  falling  short  of  the  first  only  by  a  quantity  of  the 
second  orders  so  that,  neglecting  such  quantities,  double  the  condensation  will  develope  double  the  heat,  and  so 

In  proportion.     Hence  we  must  have  t'—  T=:Jt  }1  —  -j^  \  where  k  is  a  constant  coeflicient,  whose  magni- 
tude may  become  known  either  by  direct  experiment,  or  by  the  very  phenomena  under  consideration, 
tuting  this  fori'  —  t,  we  get,  for  the  elasticity  of  the  condensed  molecule. 


Substi- 


d^ 

dy 


f{'+"('--^)1=^"  +  '"'-^-*"^- 


And  the  difference  of  elasticities  on  either  side  of  the  plane  separating  the  molecules  dy  m\ddy\  instead  of 
being,  as  in  {Art.  35.)  —  E  .  d  -j—*  will  be  now  represented  by— t/{E(l  +  Aa)  -j /r  <*  E  }  ,  that  is^ 

by  ^E{X^ka).d  -4^. 

d  y 

This  differs  from  the  expression  originally  obtained  only  by  the  constant  factor  (1  +  ka).  Without,  therefore, 
going  again  through  all  the  foregoing  analysis,  we  see  at  once  thpt  the  preneral  equations  of  Sound  will  be 
precisely  as  before,  writing  only  (I  +  k  c)  .  H  for  H  throughout ;  and,  therefore,  if  instead  of  putting,  us  before. 


73 
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S.mtid. 


a=:  ^2gr  H,  we  put  a  =:  'Z  2§r  H  (1  +  JSro)  =  ^2gH.K;  when  K  =  1  +  ifc  a   the  equation   (a)  wUl , 


become  (  -~  j .  -—  =:  «■  .  -^-— 


Final  and 
exact  ex« 
pressioQ 

Uoo  u?"^'  ^^  ^^^  ^^  ^^^'  equations  will  remain  unaltered,  and  the  velocity  of  Sound  on  this  new  hypothesis  will  be 

velocity  of    expressed  by  the  new  value  ascribed  to  a,  that  is,  by 

Sound. 


V=  ^/2gK(\+ak) 


=  V  2 


where  o  =  0-00875. 

74.  The  actual  numerical  value  of  the  constant  coefficient  K  may  be  determined,  as  we  have  before  said,  in  two 
Valae  of  ways ;  either  by  direct  experiment  on  the  increase  of  temperature  developed  in  a  given  volume  of  air  by  a  given 
^  ^^^  tV  <^°d^°SA^io"'  ^^  ^y  ^  comparison  of  the  formula  to  which  we  have  arrived  with  the  known  velocity  of  Sound, 
termioable.  ^^  ^^  ^^^^  already  obser\'ed,  however,  the  circumstances  under  which  Sound  is  propagated  are  &r  more  &voar- 

able  to  the  free  and  full  production  of  the  whole  effect  of  the  cause  in  question  than  those  of  any  experiments  in 
close  vessels.  We  must  not,  therefore,  be  surprised,  if  the  value  of  K  as  derived  firom  such  experiments  should 
differ  materially  firom  its  value  deduced  from  the  velocity  of  Sound  ;  nor  vice  vendt  if  the  observed  velocity  of 
Sound  should  differ  materially  from  that  obtained  by  calculation,  from  an  experimental  value  of  K.  It  is  suffi- 
cient, in  a  philosophic  point  of  view,  to  have  pointed  out  a  really  existing  cause^  a  vera  catMO,  which  must  act  to 
increase  the  velocity,  and  is  fully  adequate  to  do  so  to  the  extent  observed. 

75.  We  have  seen  that  the  numerical  value  of  V  neglecting  K  is  equal  to  916*322  feet  The  observed  value  on 
Determined  i[^^  other  hand,  is  10S9*42.     Hence  we  have  the  following  equation  for  determuiing  K  and  Ar, 

SouSd^  °^  1089-42  =  916-322  X  ^l  -fit.  000375  =  916322  X  Vk, 

'^^'-  /1 089  •42  V 

whence  we  obtain  K  =  I  j  =  1*4132, 


A  I.-        ^         J  /1089-42V         1 

^^  *-  0^875   I  V'9l6¥2;  "  M  == 


110-26. 


Difficulty  of  The  actual  amount  of  heat  given  out  by  a  given  amount  of  condensation  is  not  an  element  very  easily  or 
its  direct  de-  exactly  determinable  by  direct  experiment  with  thermometers.     If  a  common  mercurial  thermometer  be  enclosed 
termination.  ^^  ^  receiver,  and  the  air  suddenly  compressed,  the  thermometer,  it  is  true,  rises ;  but  the  amount  of  its  rise  is 
evidently  far  inferior  to  the  actual  increase  of  temperature ;  for^  first,  its  mass  is  enormously  greater  than  that  of 
the  air  immediatdy  in  contact  with  it ;  secondly,  it  is  brought  into  contact  successively  with  an  unknown,  and,  no 
doubt,  a  variable  quantity  in  different  experiments,  by  the  effect  of  circulation ;  thirdly,  the  vessel  used  carries 
off  by  far  the  greater  part  of  the  heat,  and  one  which  we  have  no  means  of  estimating.     It  is  accordingly  found 
that  by  increasing  the  sensibility  of  the  thermometer,  by  extending  its  surface  compaured  to  its  mass,  higher  and 
higher  degrees  of  temperature  are  indicated  for  the  same  condensation ;  and  highest  of  all  when  the  delicate 
pyrometer  of  Breguet  is  used,  which  consists  of  two  extremely  thin  strips  of  platina  and  palladium  soldered 
together  over  their  whole  surface,  and  coiled  up  in  a  spiral,  which  twists  and  untwists  by  the  different  expansions 
of  the  metals  constituting  its  inner  and  outer  face.     Still,  however,  though  almost  all  surface,  the   materials  of 
which  this  instrument  consists  are  so  infinitely  denser  than  air,  that  its  indications  must  fall  far  short  of  the 
truth. 
76-  Another  very  ingenious  method  has  been  practised  by  Messrs.  Clement  and  Desormes.  (Journal  de  PhytUjw^ 

^*P*"™^"^  November,  1819,  p.  334.)  Suppose  we  have  any  quantity  of  air  enclosed  in  a  receiver  communicating,  first, 
and  S»"'  ^^^  ***  air-pump,  by  a  valvular  brifice,  (A)  ;  second,  with  the  upper  part  of  a  barometer  tube  containing  mer 
ormet.  cury,  whose  height  therefore  measures  the  elasticity  of  the  air  in  the  receiver  by  its  depression  below  the  baro- 
metric level  of  the  external  atmosphere ;  thirdly,  with  the  external  air,  by  a  stopcock,  or  valve,  (B,)  so  large  that 
the  pressure  within  may  be  instantaneously  restored  to  an  equilibrium  with  that  without,  on  opening  it.  Let 
the  whole  apparatus  be  at  the  temperature  of  the  atmosphere,  (t,)  and  suppose  the  valve  (B)  open,  then  will  the 
internal  elasticity,  or  pressure,  (P,)  be  equal  to  that  without,  and  also  the  density  (D.)  Close  the  valve  B,  and 
open  A,  and,  by  means  of  the  air-pump,  exhaust  a  small  portion  of  the  air ;  and,  again  closing  the  valve  A,  let 
the  apparatus  remain  at  rest  till  the  whole  has  attained  the  temperature  t  of  the  atmosphere.  In  this  state  let 
the  internal  pressure  be  observed  by  the  barometer,  which  call  P' ;  and  D',  the  density,  will,  of  course,  be  equal  to 

P' 

J)  .  .—^  and  is  therefore  known.     Now  suddenly  open  the  valve  B.    The  external  air  will  rush  in  and  restore 

the  equilibrium.  The  moment  this  is  done  (which  will  be  known  by  the  cessation  of  the  inward  current)  let  the 
valve  B  be  closed.  It  will  then  be  found  that  the  internal  temperature  is  raised  by  the  condensation  thus  effected, 
and  has  become  V ;  and  the  increase  of  temperature  t'  ^  r  may  be  measured  by  a  delicate  thermometer,  and 
that  with  the  more  precision  the  greater  the  capacity  of  the  receiver.  But  it  will  be  much  more  exactly  measured 
by  the  following  process,  which,  in  fact,  amounts  to  making  the  receiver  itself  an  air  thermometer.  At  the 
moment  of  closing  the  valve  the  internal  pressure  is,  of  course,  P.  But  as  the  air  cools,  its  elasticity  diminishes, 
and,  being  cut  off  fiK)m  a  fresh  supply  fi-om  without,  the  mercury  will  rise  in  the  barometer  tube  till  the  whde 
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I'l.     of  the  heat  evolved  is  dissipated.     Let  the  interna)  pressure,  then,  be  again  observed  when  this  state  is  attained,       FartL 
and  call  it  P'^  then  will  the  corresponiling  density,  or  D^,  be  equal  to  D  .   -^.     It  is  required  from  these  data 


I 


I 

I 


I 


77. 


(P,  P',  P",  being  given  by  observation)  to  deduce  the  value  of  t'  —  t  and  the  coefficient  k. 

Now,  this  is  easy;  for,  first,  since  in  ihe  final  state  of  Ihe  receiver  the  density  is  D"  sustaining  a  pressure  P" 

at  a  temperature  t;  therefore,  the  same  quantity  of  air  in  the  same  space,  raised  to  the  teinfjerature  ■/,  would  .    ,"."    * 
•ustain  a  pressure  P"  x  {I  +  «  (t'  --  t)  }  where  a  ^=  0'00375,  t  being  in  centigra*le  degrees,!  ta  density  remaining  x\\\%  fjtpen^ 
D".     But  at  the  moment  of  closing  the  valve  A,  the  temperature  was  t',  and  the  pressure  simply  P,  we  have,  mcnt. 
therefore, 

P  =  F'  {  1  +  a  (7/  -  t)  }  ,  whence  t'  ^  t  =   ^  "if"  . 

Now,  secondly,  this  is  the  elevation  of  temperature  due  to  the  sudden  transition  of  the  air  from  the  density  D' 
to  the  density  D",  by  the  inlroduetion  of  that  portion  of  external  air  which  rushed  in  on  opening  the  valve- 
Calling  1  the  capacity  of  the  receiver,  1  X  D^  ^  D' expresses  the  quantity  of  air  in  it  before  the  valve  was  opened, 
and  1  X  D"  or  D"  the  quantity  after,  so  that  D''—  D'  expresses  the  quantity  of  air  admitted.     Its  density  beforis 

admission  being  D,  and  afterwards  D",  it  had  undergone  a  dilatation  equal  to  1  —  — ,  and  therefore  iU  tem- 

(D"\ 
1  —  -^  J.     On  the  other  hand,  the  quantity  of  air 

in  the  receiver  before  opening  the  valve  was  1  X  D'  =  IX,  and  this  quantity  having  changed  its  density  suddenly 

from  jy  to  D",  must  have  undergone  an  elevation  of  temperature  represented  by  k  (i — -  V     These  two 

tnasses  of  air,  the  one  cooled  by  dilatation,  the  other  heated  by  condensation,  became  suddenly  mixed,  and 

,  <        r*  4  sumof  products  of  masses  and  chanires  of  temp. 

therefore  must  have  undergone  a  mean  rise  of  temperature  ^ — ^-—       — -^ l- 

sum  of  mass«8 


and,  consequently. 

f{K-^)-<°--°^  0-^)1* 
mean  elevation  of  temperature  ==  *- n/  +  ly^  „  D'  —  TV'^ 
But 
and 


_  D"  -  D'  f    D'          D-D"  •)     _    D'^  -  D^  |  D'      ,    D*       , }  ^ 
D^  1  "D^  ~         D         }  * W        {  D"    "^   D  J  *' 

=0-^)l^"-('-^.)}'-l^"(-i^)-0-p)'l- 


But  we  have  —   =  -r^,  &ad  —  = —,  so  that  —  s= —, 

and  therefore  substituting,  we  find  for  the  value  of  the  above  expression,  or  t'  -  t, 

MfO-W-0-p^JH*— p— {• Fi-^}- 

If   we  suppose  the   changes   of  pressure   sufficiently  small  to  allow  of  their  squares  being  neglected,  the  value  y j^.     r  * 

pw    ^            p/  V                p/  _  p*                                            P  -  F'  eiprcued. 

of  /  -  T  is    reduced    to  k  ,  —  fl  —    pT/^  ^ '  ^^~p '     Equating  this  to  ^—  ,   the    previously 

determined  value  of  7'  —  r,  we  get 

_   1     P-P"'     P_ .         •     _      P  (P  -  PQ 
7*  P"  -  P'  *  P'f  *  P''  (F'  -  P')   ' 

In  an  experiment  of  Messrs.  Clement  and  Desormes,  on  which  M,  Poisson  has  grounded  his  fomputation  of       78. 
the  theoretical  velocity  of  Sound,  the  values  of  P,  P',  P'^  were  Nuwicricil 

P  =  0-7665  ;         F  -  P' ^  0-01381 ;         P  -  F'  =  (r00361  ;  compiit*- 

amd,  consequently,  F'  -  F  =  0  01020 , 

which  gives,  by  the  approximate  formula, 

ka  =  0  3492,         and  I  +  A  a  =  IM^Z ; 
whence  the  velocity,  at  a  mean  pressure  and  freezing  temperature,  comes  out 

gie*^322Vvd492-  106435, 

which  falls  short  of  the   actually  observed  velocity  only  by  about  25  fett     If  the  rigorous  value   of  Jta  he 

employed,  the  deficiency  is  rather  less,  the  velocity  coming  out  1066  2.     In  this  experiment,  the  lime  occupied 


vot,  IV. 


5a 


«#■- 
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Sonod.     by  the  intromission  of  the  air  was  about  half  a  second ;  the  whole  elevation  of  femperatare»  computed  from  the     I^ 
^■^v^^                                p  _  p"  ^"^v 

formula  t'  •*•  r  sx --;— ,  must  have  been  1*^*S21  centig.  {z^  2^*878  Fahr.)    M.  Poisson  has  shown  (.AnMkt 

de  Chim.  xxiii.  1823»  p.  11)  that  an  absorption  of  j  of  a  degn*ee  (cent)  by  the  receiver,  which  might  very  well 

Happen,  would  completely  reconcile  the  observed  and  theoretical  velocities.    Laplace>  calculating  on  the  expcri- 

.  ments  of  Messrs.  Welter  and  Gay  Lussao,  has,  since,  obtained  a  still  nearer  approximation  to  the  theoretical 

Telocity,  the  difference  amoonting  only  to  about  3  metres.     In  inquiries  of  such  delicacy,  and  where  the  efiects 

of  minute  triors  of  experiment  become  so  much  magnified,  it  seems  hardly  candid  to  desire  a  more  perfect 

coincidence.  .  '« 

79.  Laplace,  guided  by  peculiar  theoretical  considerations  respecting  the  constitution  of  gaseous  fluids,  has  been 

Another       induced  to  put  the  foregoing  expression  for  the  velocity  of  Sound  under  a  somewhat  different  form.  Lict  R  denote 

mode  of       the  ratio  of  the  specific  heat  of  air  under  a  constant />res«urf  to  its  specific  heat  if  retained  at  a  constant  denriiy; 

^^P^off    that  is,  a  fraction  whose  numerator  is  the  quantity  of  heat  requisite  to  raise  a  given  mass  of  air  1^  in  temperature 

the  devcK     vjider  a  conttant  pressure^  (its  volume  being  permitted  to  increase,)  and  whose  denominator  is  the  quantity 

loped  beat    necessary  to  raise  it  1°  in  a  cotutarU  volume^  or  when  so  confined  as  not  to  dilate.    Then  will  the  velocity  of 

on  the  velo-  Sound  be 

^""^  V  =  v/2y(A).^-^j(l+aT).K. 

To  show  this,  let  Q  and  q  be  the  quantities  of  heat  above  mentioned.  It  is  evident,  first,  that  when  forcibly 
prevented  from  expanding,  and  thereby  absorbing  heat  and  rendering  it  latent,  a  less  quantity  of  heat  will  suffice 
to  raise  the  temperature  of  a  given  mass  of  air  any  given  quantity,  as  l^  than  if  unconfined.  In  fact,  suppose 
it  heated  1^,  and  allowed  meanwhile  to  dilate,  so  that  the  temperature  of  the  dilated  air  shall  be  1^  above  its 
primitive  state,  then,  if  compressed  back  into  its  original  volume,  the  whole  quantity  of  heat  developed  by  the 
condensation  will  be  employed  in  raising  the  temperature  still  higher.  If  then  the  quantity  Q  of  caloric  raise 
the  temperature  1^  under  a  given  pressure^  it  will  raise  it  more  than  1^  when  confined  to  a  given  volume,  by  the 
whole  amount  of  temperature  due  to  a  compression  equal  to  its  dilatation  in  the  former  case.  Suppose  the 
initial  temperature  freezing,  then  if  a  =  0*00375,  an  increase  of  temperature  of  I^  cent,  will  produce,  under  a 
constant  pressure,  a  dilatation  =  a,  and  the  volume  from  1  will  become  1  +  a.  I^et  the  air  so  ^ilated  and  raised 
in  temperature  be  compressed  back  to  its  former  volume,  then  will  its  temperature  be  further  increased  by  4r  a,  k 
denoting  as  before ;   so  that  the  quantity  Of  caloric  Q  will  have  ultimately  produced  a  rise  of  temperature 

Q  * 

=  1  +  JSr  o,  under  a  constant  volume  ;  and  therefore  a  quantity  ==  —  only  would  be  required  to  raise 

Q  Q 

it  1^     Hence  a  =  -r — .    ;     ■  ,  and  1+J(ra  =:  *-^  =:  K.    This  demonstration  assumes,  as  an  axiom,  that  the 
1  +ka  q 

temperature  produced  by  the  introduction  of  the  satne  quantity  of  caloric  is  the  same,  whether  it  be  introduced 
into  air  confined  in  a  given  space,  or  into  air  allowed  to  expand  freely-,  and  then  forcibly  compressed  back ;  which 
it  evidently  is,  since  the  heat  given  out  by  the  compression  must  of  necessity  exactly  equal  that  absorbed  and 
rendered  latent  in  the  act  of  expansion. 

§  II.     Of  the  Linear  Propagation  of  Sound  in  Gates  and  Vapours. 

^^  The  analysis  by  which  we  have  in  the  foregoing  articles  determined  the  laws  and  velocity  of  the  propagatioiv 

Int     reta-    ^  Sound  in  air,  applies  equally,  mutatis  mutandis,  to  its  propagation  in  all  permanently  elastic  fluids,  and  in 
tion*Sf*th«   vapours,  in  so  far  as  their  properties  are  the  same  as  those  of  gases.     The  formula  so  oflen  referred  to  then 
formula  ia  » 

Sirn/  V=>/2ff(A)     A     K.(l+a,) 

vapours,  ^     '' 

expresses  the  velocity  of  Sound  in  all  such  media,  provided  for  (D)  we  write  instead  of  the  density  of  atmo- 
spheric air  that  of  the  gas  at  the  freezing  temperature,  and  under  the  mean  pressure  (A).  In  the  case  of  vapours, 
we  must  suppose  in  calculating  the  value  of  (D)  that  they  follow  the  law  of  gases  in"  their  condensation,  and 
that  no  portion  of  them  undergoes  a  change  of  sUte  to  a  liquid,  by  reduction  to  the  stancflird  temperature  and 
pressure.  Suppose,  theUf  the  specific  gravity  of  atmospheric  air  to  be  denoted  by  «,  and  that  of  any  gas  or  vapour 
under  the  same  temperature  and  pressure  by  / ;  then  if  V  and  V  be  the  velocities  of  Sound  in  air,  and  in  the 
gas  or  vapour,  we  have 

V=  y'2ff(A>.y  K(1+«T).        V'=;  y/2ff(A).AK'(l  +  ,T), 
because  (see  Pneumatics,  Heat)  the  law  of  dilatation,  or  the  value  of  a,  is  alike  in  all.     Consequently,  we  hare 

.  V         V    .f    •    K  • 
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or 


V :  V 


n/¥V^. 


whence  the  ratios  of  /:  *  and  of  K':  K  beinp^  known,  the  ratio  of  the  velocities  is  also  known,  being",  ctgierii 
paribus,  m  the  inverse  suUduplicate  ratio  oi  the  specitic  gravities. 

To  compare  this  with  experiment  directly  is  ioipracticiible*  as  no  cohimn  of  any  gas  bot  atmos|jheric  air  can 
be  obtained  of  sufficient  length  and  purity  to  determine  Ihe  velocity  of  Sonnd  in  it  by  direct  measure.  Indirectly^ 
however,  tbe  comparison  may  be  performed  by  comparing  the  Sounds  of  one  and  the  same  oriT^an-pii>e,  filled 
with  the  gases  to  be  compared,  successivelvt  or  by  other  means  of  a  similar  kind,  of  which  more  hereafter.  (See 
Index,  under  the  heads  Gases,  f'apoitra.  Sounds  of  Pipett.) 

The  following  Table  exhibits  the  Velocities  of  Sound,  as  deduced  from  theory,  and  compared  with  experiments 
instituted  by  M.  Van  Rtes,  in  conjunction  with  Messrs.  Frame yer  and  Moll. 


Ow,  or  Vapoor. 


Osry^n  (from  Manganese^  therefore  impure).. » 
Aiole i .  •, 

Hydrogen , , 

Cirbonic  acid , ,......,. 

Oituie  nf  carbon  (from  zinc  and  chtlk)  * 

Protoxide  of  azote  ffTOm  ritrsile  of  ammoi}.). . , , 

Deutoxide  of  azote  ( nilrou*  gas) . ,  * .  * 

Carburetted  hydrogen ,,,.,..,,,  j' 

Sulphuretted  riydrogeo *i  -^ 

Sulphu rous  acid. I   c  **  5 

Muriatic  acid  gas [c  S  ^ 

Ammouia , }  ^      | 

Vapour  of  waier  at  54"  R , 

Vapour  of  alcohol  at  4S*  R 


T»d««d  loOo  ft,        ^^  toO^  R. 


Thflory. 


Expcriffient 


317-7 

339-0 

1233-3 

270  7 
3tl-l 
270-6 
317  4 
337  4 
305  7 
229*2 
298*8 
432*0 
422-6 
262*7 


316-6 

338"1 

914-2 

275-3 
316-9 
281*4 
309*8 
317  8 
318*7 
^29-2 
309-3 
399*4 
369*6 
289  1 


Veloeiry  «t*ivii«d  by 
C  h  I  fttlnii,  Aeg  tutkt , 
p.t74. 


Mctrm. 
310 
310 

1680 1  according  to 
B20  ilt£  purity, 
269 


320 


PMfil 


81. 

H0IV  cotn- 
parable  u  ith 
experiment. 

82. 

Velocity  of 
Sound!  in 
varioun 
media. 


We  gnve  thisTable»  to  the  best  of  our  comprehension^  from  a  very  im  perfect  ami  obscure  abstractor  an  tnau^ural 
dissertation  of  M.  Van  Rees,  (printe*!  in  1819,)  given  in  Ihe  Jonrnai  de  Phi/dqtj^,  1821.  p.  40,  We  have  not 
been  able  to  procure  (he  original.  The  differences  of  the  columns  probably  arise  from  impudtiea  in  the  ^ses, 
or  difRcnlty  in  eslimatinof  the  exact  pitch  of  Sounds  propajraJed  by  them. 

Tiiese  determinations  are,  of  course,  liable  to  considerable  errors ;  but  the  difference  between  Ihe  resnlts  of  theory 
and  experiment  in  the  case  of  hydrogen  is  so  f^reat  as  lo  warrant  a  conelusiont  otherwise  not  improbable,  that  the 
value  of  the  coefficient  K  in  t!iat  g^s  (at  least)  is  materially  difTerent  from  what  it  is  in  others.  Experiments 
are  hardly  yet  sufficiently  multiplied  to  enable  us  to  speak  with  certainty  on  this  point ;  but  if  by  any  means  we 
are  enabled  to  determine  precisely  the  velocity  of  Sound,  in  a  gas,  or  indeed  in  any  medium,  the  ratio  of  the 
values  of  Oils  coefficient  in  it,  and  in  air,  may  be  obtained  by  the  analog-y 

which  expresses  that  the  value  of  K  is  as  Ihe  square  of  the  velocity  of  Sound,  and  the  specific  gravity  of  the 
medium  jointly.  Thus  the  specific  gravity  of  pure  hydrogen  being  to  that  of  air  as  0  0694  *  1,  (Thomson, 
Attempt  to  edablhh  ihe  first  Principks  of  Chemistry,  i.  72  J  and  the  velocity  of  Sound  in  it  being  to  that  in  air 
as  2999  4  to  10B94,  we'  have 

K  in  hydrogen  :  K  in  air  :  :  (2999  4)*  X  00694  :  (1089'4)«  x  1, 
:<  0*526:  1  ::  1  ;  1  901. 

But  not  only  the  velocity  of  Sound  differs  in  media  of  different  chemical  and  mechanical  natures.  Its  inten- 
sity, i.  e.  the  impression  it  is  capable  of  producing'  on  our  organs  of  hearing,  ctslerU  paribiu,  also  varies 
extremely  with  a  variation  in  the  density  of  the  transmitting  medium*  This  we  have  already  remarked  in  the 
case  of  air,  whether  rarefied  or  coudeiised.  Priestley  {Observation*  and  ErperiTnents,  iii,  355.)  enclosed  a  piece 
of  clockwork,  by  which  a  hammer  could  be  made  to  strike  at  intervals,  in  a  receiver  filled  successively  with 
difTerent  species  of  gas.  The  distances  at  which  the  Sound  ceased  to  be  heard  were  measured.  He  thus  found 
that  in  hydrogen  the  Sound  was  scarcely  louder  than  in  a  vacuum,  (such  a  one  as  he  could  produce.)  In 
carbonic  acid  it  was  louder  than  in  air,  and  somewhat  louder  also  in  oxygen.  Pemlle  {Mem.  AcacL  Toulouse, 
1781 ;  MSm.  Acad,  Turin,  1786*1787)  has  described  some  experiments  not  altogether  in  agreement  with  these. 
The  distance  at  which  a  given  Sound  ceased  to  be  heard  in  atmospheric  air  beinff  56  feet,  he  found  that  in 
carl>onic  acid  it  was  48  only;  while  in  oxygen  and  nitrous  gas  the  distsnce  was  63,  and  iti  hydrogen  only  11. 
Chladni  found  the  Sound  of  hydrogen  gas  in  an  organ-pipe  remarkably  feeble  and  difficult  to  distinguish,  and 
that  of  oxygen  stronger  than  that  of  atmospheric  air,  but  remarked  nothing  particular  in  the  case  of  carbonic 
acid.     {Acousi,  281.) 

Leslie  (Camb.  Phil.  TrajiS*  i-  267.)  relates  some  very  curious  experiments,  by  which  it  should  appear  that 

bQ2 


S3. 

Peculiarity 
in  hydrogen. 


VaJue  of  K 
in  hydrogen 
ne&rly  dou> 
Vie  of  itt 
value  in  air. 

84. 
Intensity  of 
Sound  Qif- 
fersindiffcr- 
eot  media. 
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Sound,     hydrogen  gas  is  peculiarly  indisposed  for  the  conveyance  of  Sound.     He  rarefied  the  air  of  a  receiver  in  which     1^ 

^^^^^'^y  a  piece  of  clockwork  was  enclosed,  striking  a  hell  every  half  minute,  100  times ;  and  then  introduced  hydrogen  v^v* 

Singular      gas,  when  no  avgmeniation  whaUver  of  the  Sound  took  place.     Yet  more ;  when  the  air  in  the  receiver  was  only 

hrdroiKn  to  ^^^^^h^^^^*  >^^  ^^  deficiency  filled  up  with  hydrogen  gas,  not  only  the  Sound  was  not  increased,  bat  was 

•nfJcShig    actually  diminished  90  oMto  become  scarcely  audible.     If  this  last  fact  be  correctly  stated,  (whidi  finom  the  high 

Sound.        d^racter  of  Mr.  Leslie,  as  an  experimenter,  we  must  not  doubt,)  some  peculiar  modification  of  the  usual  process 

by  which  Sound  is  propagated  must  have  taken  place.     It  is  much  to  be  regretted  that  the  drcumstaiiees  art 

not  more  fiilly  stated ;  the  pitch  of  the  bell  in  air,  in  the  mixed  gases,  and  in  hydrogen  alone ;   the  dimensions 

of  the  receiver ;  the  distances  at  which  the  Sounds  ceased  to  be  heard ;  and  whether  the  same  effect  took  place 

when  bells  of  different  pitch  were  struck,  and  when  the  bell  was  muffled  so  as  to  produce  no  fnmical  Sound* 

are  all  particulars  of  essential  consequence  to  enable  us  to  form  a  judgment  of  what  really  took  place  in  this 

interesting  experiment,  which  we  venture  to  express  a  hope  will  be  repeated  and  varied  by  its  author  on  a  scale 

proportioned  to  its  importance.     We  shall  have  occasion  again  to  refer  to  this  subject.     (See  Index,  Interferena 

of  Sonorous  Vibrations  and  Propagation  of  Sound  in  Mixed  Media:) 

S6.  When  hydrogen  is  breathed  (which  may  be  done  for  a  short  time,  but  not  altogether  without  inconveuienee 

Effect  of      and  even  danger)  the  voice  is  singularly  affected,  lieing  rendered  extremely  feeble,  and  at  the  same  time  raised 

hydrogen  on  jn  pftch.    (Odier,  Journal  de  Phynque^  vol.  xlviii.)     'Riis  is  just  what  ought  to  arise  fiH)m  the  lungs,  larynx,  and 

wbeiT'^     fauces  being  filled  with  an  exceedingly  rare  medium  ;  but  if,  as  some  experimenters  relate,  the  eflfect  subsists 

broithed.     long  after  the  hydrogen  is  expired,  and  the  lungs  completely  cleared  of  it,  this  can  only  be  ascribed  to  some 

Musical       physiological  cause  depending  on  its  peculiar  action  on  the  organs  of  the  voice.    The  singular  Sounds  produced 

Sounds  ex-  {)y  burning  this  gas  in  pipes  of  proper  construction  have  nothing  to  do  with  the  propagation  of  Sound  in  the  gis 

cited  by  the  j^  i/. 

of  hydrogen.     The  propagation  of  Sound  in  vapours  offers  two  distinct  cases  in  which  it  would  at  first  appear  that  very 

87.  different  effects  should  take  place.  In  the  first,  in  which  the  vapour  is  subjected  to  a  less  compression  than  what 
Proptgation  is  sufficient  to  reduce  a  portion  of  it  to  the  liquid  state,  experiments  have  sufficiently  proved  the  identity  of  the 
•f  Sound  in  laws  which  regulate  the  compression  and  dilatation  of  this  species  of  elastic  fluids  with  those  which  prevail  io 
▼apours.       ^g  gj^^  qI*  ordinary  gases  ;   and,  indeed,  recent  researches  have  proved  that  a  great  number,  and  rendered  it 

probable  that  all  the  latter,  are  in  fact  only  vapours  of  certain  liquids  capable  of  sustaining  a  very  much  gpreafer 
than  the  ordinary  atmospheric  pressure ;  or,  which  is  the  same  thing,  habitually  maintained  at  a  temperature  fitf 
above  their  boiling  point  In  this  state,  then,  the  propagation  of  Sound  in  vapours  differs  in  no  respect  firom  that 
in  gases.  But  when  the  pressure  sustained  by  the  vapour  is  sufficient  to  condense  a  portion  of  it,  as,  for  instance, 
in  the  upper  part  of  a  vessel  in  which  water  is  kept  boiling,  and  which  is  therefore  full  of  steam  at  2\7P  Fahr.,  it 
would  seem,  at  first  sig^t,  that  no  Sound  could  be  propagated  through  such  a  medium  ;  for,  since  the  slightest 
^  additional  pressure  is  sufficient  to  reduce  a  portion  of  the  vapour  to  the  liquid  state,  it  would  appear  that  the 

whole  effect  of  an  impulse  suddenly  communicated  to  any  portion  of  the  vapour,  urgfing  it  towards  the  adjacent 
stratum,  would  be,  not  the  compre&sion  of  the  whole  of  such  portion  into  less  dimensions,  accompanied  widi 
increased  elastic  force,  but  the  absolute  coudensation  of  a  small  portion  into  inelastic  water,  the  remainder 
retaining  precisely  the  same  elasticity  as  before.  Thus  the  necessary  conditions  for  the  propagation  of  the 
impulse  are  nullified,  and  it  should  seem,  therefore,  that  no  Sound  could  be  excited  in  such  a  case. 

88.  3ut  if  In  vapours,  as  in  gases,  the  act  of  compression  developes  a  certain  portion  of  heat,  it  is  evident  that  this 
^' DMed^°^  may  be  such  as  to  prevent  altogether  the  mechanical  condensation  of  the  compressed  vapour,  and  maintain  it  in 
bv^EHou  ^^s  elastic  state  even  under  the  increased  pressure  ;  and  therefore  Sound  ought  on  this  supposition  to  be  propa- 
gated freely.  Thus  it  appears  that  we  are  furnished  with  an  experimentum  crucis  for  deciding  on  the  validiU  of 
the  explanation  above  stated  of  the  'excess  of  the  observed  above  the  theoretical  velocity  of  Sound,  /f  the 
momentary  condensations  and  dilatations  of  an  elastic  fluid  do,  as  supposed  in  that  explanation,  give  out  and 
absorb  heat,  Sound  should  be  fireely  propagated  in  a  saturated  vapour,  (t.  e.  a  vapour  in  contact  with  liquid,  or 
under  a  pressure  which  it  can  just  sustain.)  If  not,  no  Sound  can  be  transmitted  by  it  The  experiment  has 
been  made  with  care  by  M.  Biot,  assisted  by  Messrs.  Berthollet  and  Laplace,  (Mhm,  dArcueil,  ii.  99.)  by  means 
of  a  bill  suspended  in  a  large  glass  balloon.  When  completely  exhausted,  no  Sound  was  heard  on  striking  the  bdl ; 
but  on  the  admission  of  a  little  water  it  was  feebly  heard,  and  as  the  water  and  balloon  were  warmed,  became 
stronger  and  stronger.  When  allowed  to  cool,  the  vapour  condensed,  and  the  Sound  became  enfeebled  by  the 
same  degrees.  When  alcohol  was  used  instead  of  water  the  Sound  was  more  powerful,  and  still  more  so  when 
ether  was  introduced,  the  vapours  of  these  liquids  at  a  g^ven  temperature  being  more  dense  than  that  of  water. 
As  in  these  experiments  care  was  taken  to  keep  the  inside  of  the  balloon  constantly  wet  with  the  liquid,  it  is 
evident  that  the  only  condition  requisite  to  be  observed,  that  of  maintaining  the  vapour  in  the  interior,  at 
its  maximum  of  pressure,  was  completely  fulfilled.  The  reader  is  referred  to  the  original  Memoir  for  an 
account   of  the  details  of  this  elegant  experiment.     The   reasoning   above  stated   is  M.  BiotTs.     We  would 

Remarks  remark,  however,  on  it,  that  the  developement  of  the  latent  heat  of  a  vapour  on  its  condensation  into  a  liqmd, 
thereon.  though,  no  doubt,  analogous  to,  is  still  in  a  material  point  different  from,  the  developement  of  heat  in  a  gas  by 
mere  compression,  unaccompanied  with  a  change  of  state.  If  the  latent  heat  of  steam  at  212^  (amoimtinff  to 
about  945°)  be  not  conducted  away,  the  steam  cannot  be  condensed  into  water  of  212^.  A  portion  will  be 
condensed,  but  its  latent  heat  will  be  employed  in  raising  the  temperature  of  the  water  produced  and  of  the 
remaining  steam,  and  thus  increasing  its  elasticity  and  resistance  to  the  pressure.  Thus,  the  propagation  of 
Sound  in  saturated  vapour  is  not  incompatible  wiUi  the  reduction  of  a  portion  of  the  vapour  to  a  liquid  state  at 
every  condensation  caused  by  the  sonorous  pulse,  and  its  reconversion  into  vapour  when  the  condensation  goes 
off  :  nor  is  it  to  be  assumed  as  proving  any  thing  with  respect  to  gases  or  vapours  under  less  than  their  maxi- 
mum pressure.     The  heat  developed  may  (for  any  thing  this  experiment  proves)  come  entirely  from  the  liquefied 
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L      portion,  and  have  no  existence  when  no  portion  is  liquefied.     We  do  not  make  this  remark  as  detracting 
•^  from  (he  merit  of  M.  Biot's  ingenious  views,  in  which,  on  the  contrary,  we  fully  coincide  as  to  their  result^ 

but  as  an  Instance  of  the  circumspection  requisite  in  drawing  conclusions  in  a  theory  so  delicate  as  that 

of  the  propagation  of  Sound. 


§  IV,     Of  the  Propagation  of  Sound  through  Liquidi. 


Purt  I, 


i 


I 


The  experiments  of  Canton,  and  the  more  recent  ones  of  Perkins,  Oersted,  Colladon,  and  Sturm*  have  shown 
that  water,  alcohol,  ether,  and,  no  doubt,  all  other  liquids,  are  compressible  and  elastic,  thouarh  requiring-  a  very 
much  greater  force  to  produce  a  given  diminution  of  hulk  than  air.  Water,  according"  to  the  experiments  of 
Perkins,  {Phil^  Trans,  1820,  p,  234,)  as  computed  by  Dr.  Roget,  suffers  a  condensation  nf  ^-f^ys:  by  a  pressure 
of  100  atmo6phere5.  This  result  agrees  sufficiently  well  with  that  of  Canton,  which  gave  a  condensation  of 
0  000046  for  every  atmosphere  of  pressure,  {PHiL  Tram*  1764,)  and  has  been  since  confirmed  by  Oersted's 
researches. 

Since  water,  then,  and  other  liquids  have  the  essential  property  of  elastic  media,  on  which  the  propagation  of 
Sound  depends,  it  may  be  presumed,  d  priori^  that  Sounds  are  capable  of  being  conveyed  by  them  as  well  as  by 
the  air  ;  and,  indeed,  better,  by  reason  of  their  greater  density,  pursuant  to  the  same  law  which  obtains  in  gases. 
This  conclusion  is  abundantly  confirmed  by  experiment.  Hanksbee  (PhiL  Trans*  1726,  371.)  ascertained  that 
water  would  transmit  a  Sound  excited  in  air,  Andcron  (PkU,  Tram,  1748,  p,  151.)  describes  a  number  of  expe- 
riments on  the  hearing  of  fishes,  from  which,  indeed,  he  concludes,  that  they  are  altogether  devoid  of  this  sense* 
But  a  very  different  conclusion  really  follows  from  them.  Fishes  enclosed  in  a  glass  jar  appealed  (says  Anderon) 
utterly  insensible  to  any  Sound  excited  in  the  air  without  them,  (if  unaccompanied  with  motion,)  but  the  slightest 
tap  with  the  naii  on  the  edge  ofthe  jar,  although  made  in  such  a  situation  that  the  motion  could  not  be  seen  by 
them,  immediately  disturbed  them.  This  is  easily  explicable;  and  is,  in  fact,  just  what  ought  to  happen.  The 
intensity  of  Sound  eitcited  in  any  medium  must  evidently  be  proportioned  to  the  energy  of  the  original  impulse, 
and  must  therefore  be  much  greater  when  arising  from  the  direct  impact  of  a  solid  body  on  the  water,  or  its  con- 
taining vessel,  than  from  that  ofthe  particles  of  the  air  in  a  sonorous  wave,  whose  momentum  is  necessarily  very  small. 
As  fishes  have  no  external  organs  of  hearing.  Sounds  must  be  conveyed  to  their  sensorium  by  direct  propagation, 
through  the  bones  of  their  heads;  and  they  are  probably  insensible  to,  or  habitually  careless  of,  those  feeble 
impulses  which  are  communicated  from  the  air.  But  that  the  latter  impulses  do  exist,  and  are  audible  by  our 
ears,Anderon*sPaper  furnishes  proof  enough.  He  made  three  people,  stripped  quite  naked,  dive  at  once,  and  remain 
about  two  feet  below  the  surface  of  the  water.  In  this  situation  he  spoke  to  them  as  loud  as  he  was  able.  At 
their  coming  up  they  repeated  his  words,  but  said  he  spoke  very  low.  He  caused  the  same  persons  to  dive 
about  12  feet  below  the  surface,  and  discharged  a  gun  over  them,  which  they  said  they  heard,  but  that  the  noise 
was  scarce  perceivable.  He  further  caused  a  diver  to  halloo  under  water,  which  he  did ;  and  the  Sound  was 
heard,  though  faintly,  A  grenade,  exploded  about  nine  feet  below  the  surface,  gave  a  prodigious  hollow  Sound, 
with  a  most  violent  concussion  of  the  earth  around.  Lastly,  he  caused  a  diver  to  descend  with  a  bell  in  his 
hand,  whose  ringing  he  (the  diver)  assured  him  he  could  hear  distinctly  at  all  depths  ;  adding,  also,  that  he  could 
hear  the  rushing  of  the  water  through  a  flood* gate  at  20  feet  distance  from  the  place  he  was  in. 

The  Abb^  Nollet  having  descended  to  various  depths,  from  4  to  24  inches,  could  hear  all  Sounds  made  in  the 
air  (as  a  clock  striking,  a  hunter's  horn,  the  human  voice,  &c.)  distinctly,  but  faint  and  attenuated.  (Brockleshy, 
PhiL  Tram,  1748,  p.  237.) 

Franklin,  having  plunged  his  head  below  water^  caused  a  person  to  strike  two  stones  together  beneath  the 
surface  ;  and  at  more  than  half  a  mile  distance  heard  the  blows  distinctly.  These  instances  are  sufficient  to 
diow  that  Sound  is  audibly  conveyed  through  water  as  well  as  through  air ;  and,  indeed,  if  properly  excited, 
much  better. 

A  series  of  experiments  on  the  velocity  of  Sound  in  sea-water  was  instituted  by  M.  Beudant.  at  Marseilles, 
Two  observers,  with  regulated  watches,  were  stationed  in  boats  at  a  known  distance.  Each  was  accompanied 
by  a  diver.  A  bell  was  struck  at  stated  intervals  at  one  station  ;  aud  at  the  instant  of  its  being  heard  by  the 
diver  at  the  other  he  made  a  signal,  and  the  time  was  noted  by  the  observer  in  the  boat  Of  course,  time  was 
loat     The  mean  result  of  these  observations  gives  1500  metres  —  4921  feet  per  seco!»d  for  the  velocity. 

A  more  careful  and  no  doubt  more  exact  determination  was  undertaken  and  executed  in  1826,  by  M.  CoUadon,  in 
the  Lake  of  Geneva.  After  trying  various  means  for  the  production  ofthe  Sound,  as  the  explosion  of  gunpowder, 
blows  on  anvils,  and  bells;  the  latter  were  preferred,  as  giving  the  most  instantaneous,  and,  at  the  same  time, 
most  intense  Sound,  the  blow  being  struck  about  a  yard  below  the  surface  by  means  of  a  metallic  lever.  The 
experiments  were  all  made  at  night,  to  avoid  the  interference  of  extraneous  sounds,  and  for  the  better  observing 
of  the  sigimls  made  at  each  blow  by  the  flash  of  gunpowder. 

To  render  audible  to  an  observer  out  of  water  (in  which  situation  only  can  any  observations  worthy  of 
confidence  be  made)  sounds  excited  at  a  great  distance,  a  very  ingenious  method  was  practised  by  M.  Colladon. 
He  found,  that  although  the  Sound  of  the  blow  was  well  heard  directly  above  the  bell,  yet  the  intensity  of  the 
Sound  so  propagated  into  the  air  diminished  with  great  rapidity  as  the  observer  removed  from  its  immediate 
neighbourhood,  and  at  two  or  three  hundred  yards  it  could  no  longer  be  heard  at  all.  This  fact  renders  it 
probable,  that  the  waves  of  Sound,  like  those  of  light,  in  passing  from  a  denser  into  a  rarer  medium,  undergo, 
at  a  certain  acuteness  of  incidence,  a  total  reflexion ;  (see  Lioht,  Art,  (184)  ;  see  also  Index  to  thk  Artick^-^ 
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Souod;  ReflfMon  of  Sound — Echo ;)  and  cease  to  penetrate  the  surface*  so  that  the  Sound  heard  beyond  that  limit  is  Part 
v«»v^»^  merely  that  which  diverges,  in  the  air,  from  the  point  immediately  above  the  bell.  Acting  on  this  idea,  M.  Col-  ^<«v 
ladon  plunged  vertically  into  the  water  a  thin  tin  cylinder,  about  three  yards  long  and  eight  inches  in  diameter, 
closed  at  the  lower  end,  and  open  to  the  air  above ;  thus  forming  an  artificial  surface  on  which  the  sonoroua 
waves,  impinging  perpendicularly,  might  enter  the  air,  and  be  thence  propagated  freely  as  from  a  new  origin; 
just  as  we  may  look  into  water  at  any  obliquity  by  using  a  hollow  tube  with  a  glass  plate  at  the  end  perp^i- 
cular  to  the  axis.  This  contrivance  succeeded  completely,  and  he  was  enabled  by  its  aid  to  hear  the  strokes  of  a 
bell  under  water  at  a  distance  of  2000,  6000,  and  even  14,000  metres,  (about  9  miles,)  vix.  across  the  whole 
breadth  of  the  lake  of  Geneva,  firom  RoUe  toThonon.  A  better  spot  could  not  have  been  found,  the  water  being 
exceedingly  deep,  without  a  trace  of  any  current,  and  of  the  most  transparent  purity.  The  signals  we<^  nuuie 
by  the  inflammation  of  gunpowder,  which  being  performed  by  the  same  blow  of  the  hammer  by  which  the  beff 
Was  struck,  all  loss  of  time  was  effectnally  avoidesd.  The  time  was  reckoned  by  a  quarter  second  stop-watch,  fion 
'  the  appearance  of  the  flash  to  the  arrival  of  the  Sound, 

96.  By  the  mean  of  44  observations  on  three  difierent  days,  it  appeared  that  a  distance  of  13*487  metres  was 
Result  of  traversed  in  9*295  seconds,  the  greatest  deviation  being  less  than  three-tenths  of  a  second.  M.  ColladoB 
their  expe-  assumes  9*4  as  the  true  interval,  regarding  it  as  probable  that  a  minute  portion  of  time  is  necessarily  lost  in  flie 
rimfmis        estimation  of  the  intierval.     The  mean  temperature  of  the  water,  from  trials  made  at  both  stations,  and  halfway 

between,  vms  found  to  be  8^*1  cent  (=:  46^*6  Fahr.)  At  this  temperature,  then,  the  velocity  of  Sound  in  th^ 
water  of  the  Lake  of  Geneva  was  1435  metres  =  4708  feet  per  second. 

97.  To  compare  this  result  with  theory,  we  will  take  the  data  afibrded  by  the  experiments  of  Messrs.  Colladoa 
Comptriioii  and  Sturm  on  this  very  water ;  whose  fbreigfn  contents,  as  appears  by  the  analysis  of  M.  Tingry,  amount  only 
with  theory.  ^  ^^  ^f  ^^  weight,  and  which  may,  therefore,  be  regarded  as  pure  water,  (though,  of  course,  saturated  with 

air.)    They  state  the  compressibility,  both  at  this  and  at  the  freezing  temperature,  at  0*0000495  for  every  atmo* 

49*5 
sphere ;  i.  e.  that  an  increase  of  pressure  of  one  atmosphere  produces  a  diminution  of  bulk  equal  to        ■^^^- 

1 '1100*0011' 

of  the  whole,  or  very  nearly  one  two-hundred-thousandth.  But  as  the  atmospheric  pressures  used  in  their  expe> 
riments  were  not  standard  ones,  but  each  equal  to  a  column  of  mercury  0*76  metres  long,  at  a  temperature  of 
10^  cent.,  instead  of  0^  the  compressibility  by  one  standard  atmosphere  must  be  equal  to 

^^^^^-^.         specific  gravity  of  mercury  at    0®  cent         ^  ^^^^^^^        1*0018       ^^^^^.^^ 

0 0000495  X  — — 7^ — 77—? ' 77^5 =  00000495  X  -— --  =  0000049689. 

specific  gravity  of  mercury  at  10^  cent.  1*0000 

98.  To  apply  the  general  analysis  by  which  the  velocity  of  Sound  in  an  elastic  medium  was  deduced  (Art  52.)  to 
Differeot  this  case,  we  must  express  the  elasticity  in  a  form  somewhat  difierent  from  that  before  employed  in  the  case  of 
mode  of  ex-  aerial  fluids.  Let  us  then  put  e  for  the  compressibiiUy  of  any  elastic  medium,  or,  the  diminution  of  bulk  it  wfll 
^Mffi^°{^  ^i^  sustain  by  an  additional  pressure  of  a  single  atmosphere;  or  by  immersion  to  the  depth  of  0*76  metres  (=:  29*937 
of  eluticity.  laches)  in  mercury  of  the  freezing  temperature,  (so  that  in  water  e  =  0*000049589.)     Then,  if  we  neglect  the 

heat  disengaged  by  compression,  an  infinitesimal  column  d «  of  the  medium,  when  compressed  into  a  space 

a  «r 
c=  (i  y,  will  exert  a  resistance  on  the  compressing  column  equal  to  one  atmosphere  X    .    Let  A  be  tiis 

area  of  the  section  of  the  sounding  column,  then  will  the  weight  of  the  particle  dxhe  rq)re6ented  by  Xd^  X  Di 
where  D  is  the  density  of  the  medium  ;  and  its  elastic  pressure  on  the  section  A,  which  separates  it  firom  the 

d  X 
preceding  particle,  will  be  A  X   X  {h)  A,  where  (h)  =  the  standard  height  of  mercury  in  the  barometer 

and  A  the  density  of  mercury  at  the  freezing  temperature.  This,  then,  is  the  force  mutually  exerted  between 
d  X  and  the  particle  immediately  preceding  it.     Similarly  the  force  exerted  between  d  x'  and  the  particle  (d  x) 

doi 
immediately  preceding  it  is  represented  by  A  x  X  (A)  A  ;  and  the  difference  of  these,  or  the  whole 

force  by  which  dx\%  urged  forwards,  is  therefore 

I  e    \        dx J\  e  dx** 

so  that  the  accelerating  force  acting  on  (f  x  is 

(A)      A_       d^y 

e    '    D    '    dx"' 
j^  ^ .  If  we  take  into  consideration  the  heat  developed  by  compression,  we  have  only  to  multiply  tWs  by  the  coelfi- 

foratuimfor  ^^^^  ^*     Finally,  therefore,  if,  as  before,  we  represent  by  a  the  velocity  of  Sound,  we  shail  have 
^^^y°f  _       /2g(A)A   "7_       /  98089  X  0*76  X  13*568  ~ 

^"V         eD         ^^V  0000049589  x  D 


d.     The  specifie  gravity  of  the  water  of  the  lake  at  the  temperature  of  the  experiment  was  found  to  be  exactly  that 

-^^  of  dislilled  water  at  its  maximum  density,  the  triHirig  expansion  due  to  the  excess  of  temperature  being  exactly 

counterbalanced  by  the  superior  density  due  to  the  saline  contents,  so  that  D  =  L     Reducing-,  then,  the  value 


of  a  to  nnmberSf  we  find 


It  =  U2B'2  met.  (=  468&'6  feet)  x 


As  we  have  seen,  the  velocity  actually  observed  was  1435  metres.     The  agreement  of  this  with  the  coefficient 

of  v^  K  within  7  metres  (a  space  run  over  by  the  aqueons  pulse  in  one  200th  of  a  second)  is  so  near,  as  to  autho- 
rize the  conclusion  that  in  water,  at  leaslt  the  heat  developed  by  compression,  and  consequent  increased  resistance 
to  sudden  condensation,  is  insensible. 

In  the  course  of  these  experiments,  M.  CoUadon  was  led  to  remark  some  very  curious  particulars  respectin«: 
the  nature,  intensity,  and  duration  of  Sounds  propag^ated  by  water.  He  observed,  first,,  that  the  Sound  of  ti 
bell  struck  nnder  water,  when  heard  at  a  distance*  has  no  resemblance  to  its  Sound  in  nir.  Instead  of  a  con- 
tinued tone,  a  short  sharp  sound  is  heard,  like  two  knife-blades  (messerklingen)  stnick  tog-ether.  The  elFect 
produced  by  hearing  such  a  short  dry  sound,  at  a  distance  of  many  miles  from  its  orig-iui  he  compares  to  that  of 
seeing,  for  the  first  time*  very  distant  objects  sharply  defined  in  a  telescope.  When  tried  at  different  distfince*!, 
it  preserved  this  character,  varying"  only  in  intensity,  so  as  to  render  it  impossible  to  distin|ruish  whether  the 
sound  heard  arose  from  a  violent  t)low  at  a  great  distance,  or  a  gentle  one  near  at  hand.  It  was  only  when 
within  200  metres  (about  a  furlong)  thai  the  musical  tone  of  the  bell  was  distingnishable  after  the  blow.  In  air 
the  contrary  takes  place,  as  every  one  knows  ;  the  shock  of  the  first  impulse  of  the  hammer  being  heard  only 
in  the  immediate  neighbourhood  of  the  bell,  while  the  continued  musical  Sound  is  the  only  one  that  atfects  the 
hearing  at  a  distance.  The  reason  of  this  curious  ditference  will  be  apparent  when  we  come  to  speak  of  Musical 
Sounds,    (See  Index.     Mmkal  Sounds.     Vihraimm  of  Bodies  in  ditferent  media,) 

Another  very  curious  and  important  observation  of  M.  Colladon,  is  that  of  the  effect  of  interposed  obstacles. 
Sounds  in  air  s[jread  round  obstacles  with  great  facility,  so  that  by  a  hearer  situated  behind  a  |jrojecting  wall,  or 
the  comer  of  a  building,  sounds  excited  beyond  U  are  heard  with  little  diminution  of  intensity*  But  in  water 
this  was  far  from  being  tlie  case.  When  the  tin  cyliuder,  or  bearing-pipe,  already  mentioned,  wa«  plunged  into 
the  water,  at  a  place  screened  from  rectilinear  communication  with  the  bell  by  a  projecting  wall  running  out  from 
the  shore,  whose  top  rose  above  the  water,  M.  Colladon  assures  us,  that  a  very  remarkuble  diminution  of  intensity 
in  the  Sound  was  perceived,  when  compared  with  that  heard  at  a  point  very  near  the  former,  but  within  reach  of 
direct  communication  with  the  bell;  or,  so  to  speak,  out  of  the  acoustic  shadow  of  the  wall.  Thus  the  phenomena 
of  Sound  in  water  approximate  in  this  respect  to  the  rectilinear  propagation  of  light,  and  may  lead  us  to  presume, 
that  in  a  medium  incomparably  more  elastic  than  water,  the  ithudow  would  be  still  mure  perfect  and  more  sharjdy 
defined.  A  materia!  support  is  thus  afforded  to  the  undulaiary  doctrine  o^  Light,  against  one  of  its  earliest  and 
itrongest  objections— the  existence  of  shadows. 

It  appears,  from  these  experiments,  that  the  velocity  of  Sound  in  water  may  be  correctly  computed  when  its 
compressibility  is  known,  withonl  the  necessity  of  having  regard  to  the  heat  developed  during  compression. 
From  all  direct  experiments  hitherto  made,  it  appears  that  in  water,  and  all  other  liquids,  the  quantity  of  heat 
thus  developed  is  either  altogether  insensible,  or  at  least  very  minute;  so  that,  most  probably,  the  same  thing 
will  hold  in  other  liquids.  The  Memoir  of  Messrs.  Ctdladon  and  8turm,  then,  which  contains  a  very^  elaborate 
determination  of  the  compressibility  of  a  variety  of  liquids,  will  afford  the  means  of  computing  the  velocity  of 
Sound  in  them.  We,  therefore,  subjoin  a  Table  of  iheir  resuhs,  and  of  such  others  us  we  have  been  able  to 
collect. 
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Soand. 


Tibleofab. 
•olote  com- 
prettibiU- 
tiet  of  Ta« 
riout  bodiei. 


SobtteaM  eompTWMd. 


Mercury  at  0^  cent 

Water  free  from  air  0"  •  • 

Water  saturated  with  air  at  (P  . . . 

Oil  of  turpentine  at  0° 

Nitric  acid  S.  G.  1  •  403  at  O^^  ... 
Coocentrated  sulphuric  acid  at  (P, 
Acetic  add  at  (r 

Alcohol  at  11^6  cent 

Sulphuric  ether  at  0* • . . 

atllM 

Water  saturated  at  20*  cent,  with  1 
ammonia  (temp.  10**) / 

Nitric  ether  0* 

Acetic  ether  at  0" 

Muriatic  ether  at  IP  2 

Linseed  oil 

Olive  oil 

Glaia 

Copper  

Water  !  /. .'.'.  .'.*. !  .*. '.  .*. ! .'. .'  .*. ! .', '..'.  '.\ '. 


Authority. 


CoUadon  and  Sturm. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 

Ditto. 


Ditto. 
Ditto. 

Ditto. 

Ditto. 
Ditto. 

Ditto. 

Galy-Calazat 
Ditto. 
CoUadoo  and  Sturm. 
Gahr-Calazat 
Ditto. 
Ditto. 
Canton. 
Perkins. 
Oersted. 


AbMliit«  eom- 
pTMsion  in  mil- 
lioBtli  iMTlcof 
the  orifuud  to- 

luBM. 


503 
51*30 
49-50 
73-0 
35-5 
32  0 
42  2 

(96-2 


^93 
89 
133- 
118 
149 
141 


380 

71-5 

/  79-3 

I  71-3 

/  85-9 

I  82  25 

46*8 

470 

3  30 

2-84 

7  09 

018 

4600 

4709 
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A  column  of 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


try  0^76  high  atlO^'C 
(If  correctly  computed.) 


(Query  strength.) 

Ditto. 
(Under  an  initial  pressure  of  obs 
atmosphere.) 
Ditto.    (Under  8  atmosph.  init  preii.) 
Ditto.    (TjDder20  ditto.) 

Ditto.    (Under  3  ditto.) 

Ditto.    (Under  24  atmospheres.) 
Ditto.    (Under  3        ditto.) 
Ditto,    r  Under  24      ditto.) 
Ditto.    (Under  a  mean  pressure  of  abool 
10  acmoipherea.    Diminishei 
rapidly  as  the  pressure 
creases.) 


Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 


(Under  4  atmospheres.) 
(Under  16      ditto.) 
(ITnder  2        ditto.) 
(Under  9        ditto.) 

One  atmosphere,  (doubtful.) 

Ditto  ditto. 

0*76  met  of  mercuiy  of  10"  cent 

One  atmosphere  (1) 

Ditto.  ditto. 

Ditto.  ditto. 

One  atmosphere  at  50*  Fahr. 

As  computed  by  Dr.  Roget. 
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Of  the  Propagation  of  Sound  in  Solidt  and  in  Mixed  Media. 


104  Solids*  if  elastic,  are  equally  well,  or  better,  adapted  for  the  conveyance  of  Sound  with  fluids.     By  elasticity 

Elasticity  in  ^^  ^  ^^^^^  ^^  °^^  meant  a  power  of  undergoing  great  extensions  and  compressions,  afler  the  manner  of  air,  or 
solids,  what.  Indian  rubber,  and  returning  readily  to  its  former  dimensions ;  but  rather  what  is  commonly  called  hardness,  m 
contradistinction  to  toughness,  a  violent  resistance  to  the  displacement  of  its  molecules  inter  «e  in  all  directions. 
Thus  the  hardest  solids  are,  generally  speaking,  the  most  elastic,  as  glass,  steel,  and  the  hard  brittle  alloys  of 
copper  and  tin,  of  which  mirrors  are  made  ;  and  in  proportion  as  they  are  so,  they  are  adapted  to  the  free  propa- 
gation of  Sound  through  their  substance. 

105.  But  an  important  condition  in  their  constitution  is  homogeneity  of  substance ;  and  in  a  substance  peifectly 
Effect  of  in-  homogeneous,  we  may  add,  too,  uniformity  of  structure.  The  effect  of  want  of  homogeneity  in  a  medium,  on  its 
temipted  power  of  propagating  Sound,  is  precisely  analogous  to  that  of  the  same  cause  in  obstructing  the  free  passage  of 
solids  o7 the  ^^^'*  ^"^  ^^^  ^®  undulatory  doctrine  of  light  teaches)  for  the  very  same  reason.  The  sonorous  pulses,  in  their 
propagation  Passage  through  it,  are  at  every  instant  changing  their  medium.  Now,  at  every  change  of  medium,  two  things 
of  Sound,     happen ;  first,  a  portion  of  the  wave  is  reflected,  (see  Reflexion  of  Sound, — Echo^  in  the  Index,)  and  the  intensity 

of  the  transmitted  part  is  thereby  diminished ;  secondly,  the  direction  of  propagation  of  the  transmitted  part  is 
changed,  and  the  sonorous  rays,  like  those  of  light,  are  turned  aside  firom  their  direct  course.  (See  Refiradiim 
of  Sound,  in  the  Index.)  Thus  the  general  wave  is  broken  up  into  a  multitude  of  non-coincident  waves,  ema- 
nating from  different  origins,  and  crossing  and  interfering  with  each  other  in  all  directions.  Now,  whenever  this 
takes  place,  a  mutual  destruction  of  the  waves,  to  a  greater  or  less  extent,  arises,  and  the  Sound  is  stifled  and 
obstructed.  Further  yet : — as  the  parts  of  a  non-homogeueous  medium  differ  in  elasticity,  the  velocities  with 
which  they  are  traversed  by  the  sonorous  pulses  also  differ ;  and  thus,  among  the  waves  which  do  ultimately  arrive 
at  the  same  destination  in  the  same  direction,  some  will  arrive  sooner,  some  later.  These,  by  the  law  of  inter- 
ference, tend  mutually  to  destroy  or  neutralize  each  other. 

106.  But  of  all  causes  which  obstruct  the  propagation  of  Sound,  one  of  the  most  effective  is  a  want  of  perfect  adhe- 
Effeetof  im- sion  at  the  junctures  of  the  parts  of  which  such  a  medium  consists.  The  effect  of  this  may  be  conceived,  by 
P^*^^  regarding  the  superficial  strata  of  molecules  of  each  medium  when  in  contact,  as  forming  together  a  thin  film  ol 
junction  of  j^^^  elasticity  than  either ;   at  which,  therefore,  a  proportionally  greater  reflexion  of  the  wave  will  take  pit 


parts. 


than  if  the  cohesion  were  perfect, — just  as  light  is  much  more  obstructed  by  a  tissue  of  cracks  pervading  a 
piece  of  glass,  than  it  would  be  by  any  inequality  in  the  composition  of  the  glass  itself. 
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A  pleasing  example  of  the  stifling  and  iibstruclion  of  the  pulses  propagated  through  a  medium,  fmm  the  effet-t 
of  its  non-hiimog^t^neity»  may  be  seen   by  filHng'  a  tall  g^lass  (a  Champagne  glass,  far  instance)  half  full  of  that 
uparklinf*:  liquid.     As  lonfjf'  as  its  effervescence  lasts,  and  the  wine  is  full  of  air-bybhles,  the  g^iass  cannot  be 
made  to  ring  by  a  stroke  on  its  edge,  but  ^ives  a  dead,  pufly,  disagreeable  Sound.     As  the  efTervescence  subsides  .  ^F''*™*"^ 
the  tone  becomes  clearer,  and  when  the  Ikjuid  is  perfectly  tranquil  the  glass  rings  as  usual ;  but  on  reexciting  the  i\^j^^ 
bubbles  by  agitation,  the  musical  tone  again  disappears.     To  understand  the  reason  of  this,  we  must  consider 
what  posses  in  the  communicalion  of  vibrations  through  the  liquid  from  one  side  of  the  glass  to  the  other.     The 
glass  and  toniained  liquid,  to  give  a  musical  tune*  must  vibrate  regularly  in  unison  as  a  system  ;  (see  VibratiouM 
of  a  System  of  bodies ;)   and  it  is  clear,  that  if  any  considerable  part  of  a  system  be  unsusceptible  of  reg»dar 
vibration,  the   whole  must  be  so.      This  neat  experiment  seems  to  have  been  originally   made   by  Chladni, 
{Acousiiqui'n  §  214,)  and  has  been  employed   by  Humboldt,  to  illystrate  by  it  a  natural  phenomenon  equally 
familiar  and   striking  ;    we  mean,  the  greater  audibility  of  distant  Sounds   by  night  than  by  day.      This  he 
attributes   to   the   uniformity    of   temperature   in   the    atmosphere   by   ntghi,  when    upward   currents   of  air,  Greater 
healed    by   their  contact  with   the   earth   under  the    influence   of  the   sun's  rays,  are    no  longer  continually  *"    ^j']*!^ 
mixing  the  lower  with  the  upper  strata,  and  disturbing  the  equilibrium  of  temperature.      It  is  obvious  that  f^\„l^^  i^^ 
Sound,  as  well  as  light,  must  be  obstructed,  stiBed,  and  dissipated  from  its  one  original  direction,  by  the  mixture  by  day. 
of  air  of  ditferent  temperatures,  (and  consequently  elasticities;)  and  thus  the  same  cause  which  produces  that  Humboldt's 
extreme  tnmsparency  of  the  air  at  night,  whicli  astronomers  only  fully  appreciate,  renders  it  also  more  permeable  <'*P'^ "**"■<"*• 
to  Sound,     lliere  is  no  doubt,  however,  that  the  universal  and  dead  silence  generally  prevalent  at  night  renders 
our  auditory  nerves  sensible  to  impressions,  which  would  otherwise  escape  tliem.     Tiie  analogy  between  Sound 
and  light  is  perfect  in  this  as  in  so  many  other  respects*     In  the  general  light  of  day  the  stars  disappear*     In 
the  continual  hum  of  noises  which  is  always  going  on  by  day,  and  which  reach  us  from  all  quarters,  and  never 
leave  the  ear  time  to  attain  complete  tranquillity^  those  fe«ble  Sounds  which  catch  our  attention  at  night  make  no 
impression.     The  ear,  like  the  eye,  requires  long  and  perfect  repose  to  attain  its  utmost  sensibility. 

To  a  caus«  of  the  same  kind,  particularly  modified,  may  possibly  be  attributable  the  singular  eftect  of  hydrogen 
gas  when  mixed  with  air,  already  described,  Art.  85,  in  imfitting  it  for  the  free  propagation  of  Sound,     Chemists  Sormih  in 
inuintain  that  when   gases  are  mixet(,  the  molecules  of  each  form    separate   and  ijidependent  systems,  being  ^^^^*^ 
mutually  inelastic,  and  each  sustaining  a  part  of  the   pressure  proportional  to  its  own  density.     They  admit,  K»*e** 
however,  that  the  molecules  of  one  gas  (A)  act  as  obstacles,  to  obstruct  the  free  motion  of  those  of  another  (H ;) 
and  on  this  principle  they  explain  the  slow  mixture  of  two  gases  in  separate  vessels  communicating  by  a  narrow 
aperture.     Granting  these  pustulates,  let  us  conceive  a  pulse  excited  in  a  mixture  of  equal  volumes  of  two  gases. 
If  the  velocity  of  Sound  in  both  be  alike,  the  pulse  will  run  on  in  each,  idlhough  independently,   yet  with  the 
same  speed,  and  at  any  instant,  and  at  any  point  of  the  medium,  the  contiguous  molecules  of  both  gases  will  be 
moving  in  the  same  direction  and  with  the  same  ve\ccity.    They  will,  therefore,  offer  no  mechanical  obstruction  to 
each  others  motion^  and  Sound  will  be  freely  propagated.    But  if  they  differ  in  their  specific  elasticitVt  the  case 
will   he  altered.     Each  being  non -elastic  to  the  other,  two  distinct  pulses  will  be  propagated,  and  will  run  on 
with  different  velocities  ;    the  molecules  of  either  gas,  at  different  points  beginning,  and  ceasing  to  be  agitated 
with  the  pulsation  at  dififerent  instants,     Thtis  an  internal  motion,  a  change  of  relative  position  among  the  oi.^tructioa 
molecules  of  the  gas  (H)  and  those  of  the  gas  (A)  will  take  place,  the  one  set  being  obliged  to  force  themselves  of  Sound  by 
a  passage  betvveen  the  other ;  \n  which,  of  course,  a  portion  of  their  motion  will  be  diverted  in  all  sorts  of  lateral  hvdrofoo 
directions,  and  will  be  mutually  destroyed,     ft  is  evident  that  the  greater  the  diiference  of  specific  elasticities,  g^*  mi<ed 
the  greater  will  be  the  eflect  of  this  cause.     In  hydrogen  the  velocity  of  the  pulse  is  nearly  three  times  its  velocity  ""^  *'''  *^*' 
in  atmospheric  air ;  and,  of  course,  it  may  be  expected  in  this  case  to  act  with  great  efficacy-     In  azote  and 
oxygen  the  velocities  are  so  nearly  alike,  that  very  little  obstruction  can  arise  from  its  influence  ;  so  that,  in  so  far 
as  the  phenomena  of  Sound  are  concerned,  atmospheric  air  may  be  looked  upon  as  a  liomogcneous  medium. 

If  saturated  with  ac^ueons  vapour,  at  high  temperatures,  however,  it  is  possible  that  the  effect  may  become       109. 
sensible,  and,  perhaps,  to  this  cause  may  be  attributed  a  phenomenon,  mentioned  by  more  than  one  experimenter  DnpiH  nion 
on  this  branch  of  Physics,  of  the  occasional  duplication  of  the  Sound  of  a  gunshot  heard  from  a  great  distance,  **f  Sounds 
a  part  of  the  Sound  being  transmitted  quicker  than  the  rest  by  aqueous  vapour,  or  even  by  water  in  the  liquid  ^^^pj^^j'^  ^ 
slate  suspended  in  the  air.     If  this  be  the  case.  Sounds  might  be  expected  to  be  heard  double  in  thick  fogs,  or 
in  a  snow-storm.    But  the  remarkable  obstruction  to  Sound  caused  by  fog,  and  especially  by  snow,  (see  Art.  21,) 
wotild,  probably,  prevent  any  Sound  from  being  heard  far  enoug^h  to  permit  the  interval  of  the  two  pulses  to  be 
distinguishable.     This  latter  phenomenon,  we  may  here  observe,  affords  another  and  very  satisfactory  illustration  ^ffcctof 
of  the  general  principle  explained  in  Art.  107.     To  it  we  may  add  the  weli-known  efiect  of  carpeting,  or  woollen  t,irp«riw^, 
cloth  of  any  kind,  in  deadening  the  Somid  of  music  in  an  apartment.     The  intermixture  of  air  and  solid  fibres  tVt\  in  dca- 
in  the  carpets  through  which  the  Sound  has  to  pass,  deadens  the  Echo  between  the  ceiling  and  ^oor  by  which  ^«"'"K 
the  origitial  Sound  is  swelled.  -ourir. 

A  plienomenon  noticed  by  every  traveller  who  visits  the  Solfaterra  near  Naples,  but  whose  true  nature  has  tieen       \  \q 
much  misconceived,  is  easily  explicable  on  this  principle.     The  Solfaterra  is  an  amphitheatre,  or  extinct  crater,  pbeno- 
surrounded  by  hills  of  lava,  in  a  rapid  slate  of  decomposition  by  the  action  of  acid   vapours  issuing  from  one  mmon 
principal  and  many  subordinate  vents  and  cracks.     The  whole  soil  of  the  level  at  its  bottom  consists  of  this  t^^^^*^**  ^' 
decomjjosed  lava,  whose  disintegration,  however,  is  not  so  complete  as  to  reduce  it  to  powder;   but  leaves  it  in       *  ^^^ 
coherent  white  masses  of  a  very  loose  friable  stnicture.     At  a  particular  spot,  a  large  sttme  violently  thrown 
against  the  soil,  is  observed  to  produce  a  peculiar  hollow  Sound,  as  if  some  great  vault  were  below.     Accordingly 
it  is  usually  cited  as  a  proof  of  the  existence  of  some  vast  cavity  below,  communicating  with  the  ancient  vent  of 
the  volcano,  and  perhaps  with  subterraneous  fires;  while  others  ascribe  it  to  a  reverberation  from  the  surrounding 
hills,  with  which  it  is  nearly  concentric  ;   and  others  to  a  variety  of  causes  more  or  less  fanciful.     It  seems  most  ^''pla^nw. 
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probable,  however,  that  the  hollow  reverberation  is  nothing  more  than  an  assemblage  of  partial  echoes  aridog 
firom  the  retlexion  of  successive  portions  of  the  origrinal  impulse  in  its  progress  through  the  soil  at  the  ionume- 
rable  half-coherent  surfaces  composing  it ;  were  &e  whole  soil  a  mass  df  sand,  these  reflexions  would  be  so 
strong  and  frequent  as  to  destroy  the  whole  impulse  in  too  short  an  interval  to  allow  of  a  distinguishaUt  after- 
sound.  It  is  a  case  analogous  to  that  of  a  strong  light  thrown  into  a  milky  medium,  or  smoky  atmosphere ; 
the  whole  medium  appears  to  shine  with  a  nebulous  undefined  light.  This  is  to  the  eye,  what  such  a  hollow 
Sound  is  to  the  ear. 

The  general  principle  on  which  the  conveyance  of  Sound  through  solids  depends,  is  precisely  the  same  as  in 
fluids  ;  and  the  same  formula  may  be  used  to  express  its  velocity  when  the  qieciflc  elasticity  is  known.  Tbers 
are,  however,  two  very  important  particulars  in  which  they  differ ;  first,  the  molecules  of  fluids  are  capable  of 
displacement  inUr  ie.  Those  of  solids,  on  the  other,  hand,  are  subjected  to  the  condition  of  never  dianging  their 
order  of  arrangement.  Secondly,  each  molecule  of  a  fluid  is  similarly  related  to  those  around  it  in  all  directions; 
in  solids  each  molecule  has  distinct  sides^  and  different  relations  to  space  and  to  the  siurrounding  pttitickst 
Hence  arise  a  multitude  of  modifying  causes,  which  must  necessarily  affect  the  propagation  of  sonorous  puisei 
through  solids,  which  have  no  place  in  fluids,  and  modes  of  vibration  become  possible  in  the  former,  which  it  is 
difficult  to  conceive  in  the  latter,  whose  parts  have  no  lateral  adhesion.  Thus  we  may  conceive  pulses  |»opa» 
gated  In  solids,  like  those  of  a  cord  vibrating  transversely,  in  which  the  motion  of  each  molecule  is  transverae^ 
or  oblique,  to  the  direction  in  which  the  general  pulse  is  advancing.  Again,  the  cohesion  of  the  molecules  of 
crystallized  bodies  is  different  on  their  different  sides^  as  their  greater  facility  of  cleavage  in  some  directions 
than  in  others  indisputably  proves.  They  must,  in  consequence,  have  unequal  elasticities  in  different  directions; 
and  thus  the  velocity  of  the  pulse  propagated  tlirough  a  crystallized  solid  will  depend  on  its  direction  with 
respect  to  the  axes  of  crystallization.  Among  uncrystallized  solids,  too,  there  are  many,  such  as  wood,  whale* 
bone,  &c.  which  have  a  fibrous  structure,  in  virtue  of  which,  it  is  evident,  they  are  very  differently  adapted  to 
convey  an  imptilse  longitudinally  and  transversely. 

Interruptions  of  crystalline  structure,  then,  ought  to  produce  an  effect  on  the  conveyance  of  Sound  andogous 
to  that  of  the  mixture  of  extraneous  matter  in  a  medium.  The  conducting  power  of  wood  along  tbe  grain  is 
certainly  very  surprising.  A  simple  experiment  will  show  it.  Let  any  one  apply  his  ear  close  to  one  end  of 
the  longest  stick  of  sound  timber,  and  let  an  assistant  at  the  other  end  scratch  with  the  point  of  a  pin,  or  tap  so 
lightly  with  its  head  as  to  be  inaudible  to  himself.  Every  scratch  or  tap  will  be  distinctly,  nay  loudly,  heanl  at 
the  oUier  end,  as  if  close  to  the  head.  In  general,  however,  all  solids  tolerably  compact  conduct  Sound  well, 
and  transmit  it  rapidly. 

Chladni  relates  an  experiment  made  by  Messrs.  Herhold  and  Rafn,  in  Denmark,  where  a  metallic  wire 
600  feet  long  was  stretched  horizontally.  At  one  end  a  plate  of  sonorous  metal  was  suspended,  and  slightly 
struck ;  an  auditor  placed  at  the  other,  and  holding  the  wire  in  his  teeth,  heard  at  every  blow  two  distinct 
sounds ;  the  first  transmitted  almost  instantaneously  by  the  metal,  the  other  arriving  later  through  the  air. 
Messrs.  Hassenfratz  and  Gay  Lussac  made  a  similar  experiment  in  the  quarries  at  Fans ;  a  blow  of  a  hammer 
against  the  rock  produced  two  Sounds,  whi^^h  separated  ia, their  progress;  that  propagated  through  the  stone 
arriving  almost  instantly,  while  the  Sound  conveyed  by  the  air  lagged  behind.  The  same  thing  has  been  observed 
in  the  blasting  of  rocks  in  the  deep  mines  of  Cornwall.  These  experiments  were,  however,  made  at  intervals 
too  short  to  give  any  numerical  estimate  of  the  velocity  of  transmission  of  Sound  in  the  iron  or  stone.  The  only 
direct  experiments  we  have  on  this  subject  are  those  of  M.  Blot  himself,  who,  assisted  by  Messrs.  Bonvaid, 
Mains,  and  Martin,  ascertained  the  interval  required  for  the  Sound  of  a  blow  on  the  cast-iron  conduit  pipe  dready 
spoken  of.  Art.  24,  to  traverse  measured  lengths  of  it.  The  pipe  consisted  of  joints  of  cast  iron,  each  S*"*^515  s 
8'2514  feet  long,  and  connected  by  flanches  with  collars  of  lead  covered  with  tarred  cloth  interposed,  and  strongly 
screwed  home ;  each  collar  measiu'ed  0*"^14256=0*''46773.  A  blow  being  struck  atone  end, and  heard  at  the  other, 
the  interval  between  the  arrival  of  the  Sound  through  the  air  and  through  the  iron  was  noted.  The  length  being 
known,  the  time  required  for  the  transmission  of  the  aerial  Sound  became  known  with  great  precision,  and  thence 
the  time  of  transmission  through  the  iron  became  known  also.     The  following  is  a  statement  of  the  results  : 


Pki 


Observers*  names. 


Biot,  Bouvard  .. 
Bouvard,  Mains. 
Biot,  Martin  . . . 
Ditto     do.     ... 


Number  of 
iron  joints. 


78 
156 
376 
ditto. 


Number  of 
leaden 
collars. 


77 
155 
875 
ditto. 


Total  length 
when  con- 
nected in 
metres. 


197-27 

394-55 

951-25 

ditto. 


Obser>'ed  in- 
terval of  the 
sounds  iQ 
seconds. 


0-542 
0-810 
2-500 


Number  of 
observa- 
tions. 


53 

64 

200 


Computed 
time  of  trans- 
mission in  air. 

Seconds. 


0-579 
1158 
2-790 


Time  directly  observed  by  a  different  method. 


Deduced  time 
of  transmis- 
sion through 
the  compcand 
solid. 


0-037 
0*848 
0-290 
0-260 


114.  The  last  result  was  obtained  as  follows.     Each  observer  holding  in  one  hand  a  chronometer  and  in  the  other  a 

^^^^^  ®^"  hammer,  (the  chronometers  being  carefully  compared,)  the  one  (M)  at  the  precise  beats  of  0'-  and  30'-  struck  on 
dty  of  ^*°'  ^^®  P^P®'  ^^  ^^®  ^^^^^  noted  the  moment  of  arrival  of  that  Sound  only  which  was  propagated  through  the  solid, 
Sound  in  (*"•  ^  f^«  ^^^)  At  every  15*-  and  45»-,  and  also  precisely  on  the  beat  of  his  chronometer,  the  observer  (B)  struck 
cift  iron.     Uie  pipe,  and  (M)  noted  in  the  same  manner  the  moment  of  arrival  of  tbe  metallic  Sound  by  his  watch*    From 
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un4,  gxich  reciprocal  observalionfl,  a  very  little  consideration  will  show  that  the  exact  lime  required  for  the  Sound's 
s/^^  propagation  throug'h  the  solid  may  be  obtained,  independa^t  of  any  observation  of  the  aerial  Soond,  as  well  as 
of  the  rotes  of  the  watches.  The  agreement  of  the  results  obiained  by  the  two  methods  sufficiently  proves  that 
the  result  of  Messr*;**  Bouvard  and  Ma! us,  in  the  above  Table,  is  too  larg^;  rejecting:  t^iis  for  that  reason,  and 
^he  first  on  account  of  the  shortness  of  the  pipe»  we  have,  as  a  mean  result^  0-'*275  for  the  time  required  to 
traverse  951*25  metres,  which  gives  a  velocity  of  3-l[*9  ""^1  =  11090  feet  per  second  for  the  velocity  of  Sound 
in  cast  iron  at  the  temperature  of  the  experiment,  (11°  cent,  ^  5Ph  Fahr)  and  neg-lecting  the  very  pmali  retard- 
ation due  to  the  collars,  whose  united  thickness  was  5**^61:=  18*^^41  only.  This  is  about  10^  times  its  velocity 
in  air.  Chladni  assigns  3597  metres  for  the  Vflocity  of  Sound  in  brass.  Laplace,  calculating  on  an  experiment 
of  Borda,  on  the  compressibility  of  brass,  makes  it  3560*4.  According^  to  Chladni,  tbe  following-  are  the  ve!o* 
cities  of  Sound  in  dilferent  sohds.  that  in  air  being  taken  for  unity :  tin  =  7j,  silver  =  9,  copper  s  12,  iron  ss 
17,  glass  =  17,  baked  clay  (porcelain  ?)  10, . , .  12,  woods  of  various  species  ==^  11. , ,  .  17.  The  error  in  the 
case  of  iron  throws  a  doubt  on  all  the  rest;  unless,  perhaps,  steel  be  meant.     (Acoust  §  219,) 

Prom  this  determination  we  may  estimate  the  time  it  requires  to  transmit  force,  whether  by  pulling,  pushing, 
or  by  a  blow,  to  any  distance,  by  means  of  iron  bars  or  chains.  For  every  11090  feet  of  distance  the  pull,  push. 
Of  blow,  will  reach  its  point  of  action  one  second  after  the  moment  of  its  first  emanation  from  the  first  mover. 
In  all  moderate  distances,  then,  the  interval  is  utteHy  insensible*  Bvit  were  the  sun  and  the  earth  connected  by 
an  iron  bar,  no  less  than  107*1  days,  or  nearly  three  years,  must  elapse  before  a  force  applied  at  the  sun  could  reach 
the  eartb.  The  force  actually  exerted  by  their  mutual  gravity  may  be  proved  to  require  no  appreciable  time  for 
its  transmission.     How  wonderfyl  Is  tliis  connection  ! 
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(  VI.  Of  the  Divergence  and  Decay  of  Sound, 


Hitherto  we  have  taken  no  account  of  the  lateral  divergence  of  Sound,  wliich  we  have  supposed  confined  by      i^j^ 
a  pipe ;  but  it  is  evident  that  condensation  taking  place  in  any  section  of  such  a  channel  will  urge  the  contained  Divergen« 
air  laterally  against  the  side  of  the  pipe,  as  well  as  forward  along  its  axis;  and,  consequently,  if  the  pipe  were  of  SounJ 
cut  off  at  any  point,  the  Sound  would  diverge  from  that  point  into  the  surrounding  air.     Accordingly,  when  any  fro"*  i^** ^'^'* 
one  speaks  through  along  straight  tube  the  voice  is  heard  laterally,  as  if  proceeding  from  the  mouth  of  a  speaker  ^  *  ^^^^' 
at  the  orifice. 

In  general,  a  Sound  excited  in,  or  impulse  communicated  to,  any  portion  of  the  air  or  other  elastic  medium,       1 17^ 
Rpreads,  more  or  less  perfectly,  in  all  directions  in  space*     We  say  more  or  less  perfectly  ;  for  though  there  are  Une^jutl 
Sounds,  as  the  blow  of  a  hammer,  the  explosion  of  gunpowder,  &c,  which  spread  equally  in  atl  directions,  yet  divergence 
there  are  others  which  are  far  from  being  in  that  predicament.      For  instance,  a  common  tuning-fork  (a  piece  of  ^'^  certain 
steel  in  the  shape  represented  in  fig,  6}  being  struck  sharply,  when  held  by  the  handle  (A)  against  a  substance,  ^^J°^* 
is  set  in  vibration,  the  two  branches  of  the  fork  alternately  approaching  to  and  receding  from  each  other.     Each 
of  them,  consequently,  sets  the  air  in  vibration,  and  a  musical  tone  is  produced.     But  this  Sound  is  very  unequally 
audible  in  different  directions.     If  the  axis  of  the  fork,  or  the  line  to  which  it  is  symmetrical,  be  held  upright 
about  a  foot  from  the  ear,  and  it  be  turned  round  this  axis  while  vibrating,  at  every  quarter  revolution  the  Sound  Exemplified 
will  become  so  faint  as  scarcely  to  be  heard,  while  in  the  intermediate  axes  of  rotation  it  is  heard  clear  and  strong,  '^^  Souad  of 
Tlie  audible  situations  lie  in  lines  perpendicular  and  parallel  to  the  flat  faces  of  the  fork,  the  inaudible  at  4b^  J  tuning- 
inclined  to  them.     This  elegant  experiment,  due  originally  to  Dr.  Young,  has  recently  been  called    into  notice 
by  Weber,     (Wellenlehre,  §  271.) 

The  non -uniformity  of  the  divergent  pulses  which  constitute  certain  Sounds  is  easily  demonstrated  by  con-      118, 
iidering  what  happens  when  a  small  disc  is  moved  to  and  fro  in  a  line  perpendicular  to  its  surface.     The  aerial  A  priori 
molecules  in  front  of  the  disc  are  necessarily  in  an  opposite  state  of  motion  from  those  similarly  situated  behind  «=5^"**<^erv 
it.     Hence,  if  we  ctmceive  a  wave  propagated  spherically  all  around  it,  the  vertices  of  the  two  hemispheres  in 
front  and  behind  are  in  opposite  motions  with  respect  to  the  centre.     But  wilh  regard  to  that  wave  of  the  sphere 
where  the  vibrating  plate  prolonged  cuts  il,  there  is  evidently  no  reason  why  Hm  molecules  should  approach  to  or 
recede  from  the  centre,  or,  rather,  there  is  as  much  reason  for  one  as  for  the  other.     Tljey  will  therefore  either 
remain  at  rest,   or  move  langentially ;  so  that  the  motion  of  the  whole  sounding  surface,  or  wave,  will,  in  this 
case,   be  rather  as   in  fig.  7  than   in   fig.  8  ;  and  a  corresponding  difference,  both  in  the  intensity  ajid  character  ^e^^* 
of  the  Sound  heard  in  different  directions,  may  be  fairly  expected,  '^'  ^' 

The  mathematical  theory  of  such  pulses  as  these  is  of  the  utmost  complication  and  difficnlty,  depending  on       ^' 
the  integration  of  partial  differential  equations  wilh  four  independent  variables,  viz.  the  time  and  I  he  three  coor-  Veiocii   of 
dinates  of  the  moving  molecules.     It  is  therefore  of  much  too  high  a  nature  to  have  any  place  in  an  Kssay  like  Swnnd  L 
the  present.     We  shall  merely  content  ourselves  with  stating  the  following  as  general  results  in  which  mathema-  fr^  jiir, 
ticians  are  agreed.  •  121. 

Ist.  The  velocity  of  propagation  of  a  sonorous  pulse  is  the  same,  whether  we  regard  it  as  propagated  in  one,  Lawoft»i# 


decay  of 
Sound, 


two,  or  three  dimensiona,  i.e.  in  a  pipe,  a  lamina,  or  a  mass  of  air, 

2nd,  Sounds  propagated  in  a  free  mass  of  air  diminish  in  intensity  as  they  advance  further  from  the  sonorous  '     mqq 
centre,  and  their  energy  is  in  the  inverse  duplicate  ratio  of  this  distance,  caiefu  paribuM,  Ciseoft 

We  shall  not  attempt  a  proof  of  these  propositions  in  the  general  cases,  but  content  ourselves  with  illustrating  tphericnJ 
them   in  one  particular  but  important  case,  twi.  when  the  initial  impulse  is  confined  to  a  very  small  space,  undulation 
and  consists  in  any  small  radiant  motion  of  all  the  particles  of  a  spherical  surface  in  all  directions  equally  from  ^^^^^  **"  •*" 
the  centre.  "^"* 

Since  the  initial  wave  is  sphertcal,  and  similar  in  all  its  parts,  it  will  evidently  retain  this  property  as  it  dilates      123, 
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by  the  progress  of  the  impulse.     If,  then,  it  be  conceived  to  be  divided  into  its  infinitesimal  elements  by  a     Vm 
system  of  pyramidally  disposed  plane  surfaces,  having^  the  common  vertex  in  the  centre  of  the  sphere,  each  of  these  ^^^r 
elements  will  form  the  base  of  one  of  the  pyramids,  and  its  molecules  will  advance  and  recede  along  its  axis,  as 
the  pulse  traverses  them,  without  any  change  of  their  relative  positions,  inter  «e  ;  so  that  the  whole  wave  may  be 
regarded  as  broken  up  into  partial  waves,  each  advancing  as  if  confined  within  a  pyramidal  pipe,  independently 
of  all  the  rest 

Now  in  any  one  of  these  imaginary  pipes  the  pulse  will  be  propagated  from  layer  to  layer  of  the  induded 
particles  with  the  same  velocity  as  if  the  pipe  were  cylindrical,  for  the  divergence  of  the  sides  of  the  pipe  can  only 
cause  a  lateral  extensicai,  and  thence  a  diminished  thickness,  of  the  stratum,  and  will,  therefore,  alter  the  vdod^ 
of  each  of  its  molecules  and  the  extent  and  law  of  its  motion  from  what  it  would  be  in  a  cylindrical  pipe.  But 
if  we  consider  a  row  of  particles  situated  in  the  axis  of  the  pyramid,  the  propagation  of  a  pulse  Biong  them 
depends,  as  we  have  seen,  neither  on  the  velocity  nor  extent  or  law  of  excursion  of  the  individual  molecules,  but 
only  on  their  intriruic  elasticity.  The  latter,  however,  is  not  altered  by  the  shifting  of  the  whole  vibrating  fibre  into 
a  wider  or  narrower  part  of  the  pipe,  since,  from  this  cause,(it8  excursions  from  its  original  place  being  supposed 
infinitely  small,)  the  whole  dilates  or  contracts  together,  as  if  by  an  external  compressing  or  rarefying  force. 
Now  we  have  seen  that  a  variation  in  the  general  density  of  the  medium  in  which  a  pulse  is  propagated  from 
external  pressure  makes  no  change  in  its  velocity.  It  follows,  then,  that  the  pulse  will  be  propagated  with  equal 
velocity  along  the  line  of  molecules  in  question,  whether  the  pipe  be  cylindrical  or  pyramidal,  or,  indeed,  of  any 
shape ;  and  as  it  runs  equally  fast  in  each  of  the  imaginary  pyramids  into  which  the  sphere  is  divided,  the  wave,  oif 
which  it  is  an  element,  will  dilate  itself  spherically  with  the  uniform  velocity  of  Sound  in  a  straight  tube.  See  also 
Euler,  Comm.  Petrop,  1771,  cap.  iv.  &c.,  where  the  general  equations  for  the  motions  of  air  in  tubes  of  any  figure 
are  deduced,  and  the  above  proposition  proved  therefrom,  in  the  case  of  hyperbolic  tubes  (p.  391)  and  oonicd  or 
pyramidal  ones  (p.  418.) 

Let  us  now  conceive  a  spherical  wave  by  any  means  excited,  such  that  the  whole  interval,  reckoned  along  its 
radius,  within  which  the  motion  to  and  fro  of  the  molecules  is  comprised,  shall  be  equal  to  2  a.  This,  then,  will 
be  the  breadth  of  the  wave,  and  as  all  its  parts  dilate  equally  fast,  this  will  continue  to  be  its  breadth  throughout 
its  whole  prog^ss.  Its  surface  increases  in  the  ratio  of  the  square  of  the  radius,  and,  therefore,  calling  r  this 
radius,  2ai^  will  represent  the  quantity  of  matter  in  motion  at  the  moment  the  Sound  has  reached  the  distance  r 
from  its  origin.  Now,  as  all  the  air  within  and  beyond  the  wave  is  quiescent,  the  whole  impulse,  or  vii  ma, 
originally  communicated  to  the  sphere  first  set  in  motion,  is  successively  transferred  to  all  the  rest  without  loss 
or  increase,  (by  the  general  law  oif  the  conservation  of  the  vis  viva.  See  Mechanics.)  And  since  it  is  distributed 
equally  over  the  whole  spherical  surface,  any  portion  of  it,  of  given  magnitude,  (that  of  the  aperture  of  the  ear, 

for  instance,)  will  receive  a  part  of  the  whole,  proportional  to  r — — ,  or  to  ~.    Thus  the  whole  shock  or  impulse 

given  to  the  ear,  while  the  wave  passes  over  it,  is  as  the  inverse  square  of  the  distance  from  its  origin,  and  the 
absolute  velocity  of  each  molecule  in  any  determinate  phase  of  its  motion  inversely  as  the  distance  itself. 

In  the  theory  of  Sound,  as  in  that  of  I^ight,  the  intensity  of  the  impression  made  on  our  org^s  is  estimated 
by  the  shock,  impetus,  or  vis  viva,  of  the  impinging  molecules,  which  is  as  the  square  of  their  velocity ;  and  not 
by  their  inertia,  which  is  as  the  velocity  simply.  Were  the  latter  the  case,  there  could  be  no  such  thing  as  Sound 
"if  vhJ.  *  ^^  Light,  since  the  negative  inertia  of  the  receding  molecules  would  exactly  equal  and  destroy  their  positive  eflect 
in  their  advance.  (Vide  Light,  Art.  578.)  We  conclude,  then,  that  the  intensity  of  Sound  decays,  in  receding 
from  its  origin,  as  the  square  of  the  distance  increases.  It  is  exceedingly  difficult  to  subject  this  law  to  satis&c- 
tory  experimental  tests,  and  we  know  of  no  attempt  that  has  yet  been  made  for  the  purpose. 
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§  VII.     Of  the  Reflexion  and  Refraction  of  Sound,  and  ofEchoi. 
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As  there  is  no  body  in  nature  absolutely  hard  and  inelastic,  whenever  the  particles  of  a  vibrating  medium 
impinge  on  the  solid  or  fluid  matter  which  contains  or  limits  it,  they  will  agitate  those  of  the  latter  with  motions 
similar  to  their  own,  but  modified  by  their  greater  or  less  density  and  mobility.  A  pulse,  then,  will  be  propa- 
gated into  the  solid  or  fluid  according  to  its  own  laws,  but  this  will  not  take  place  without  the  propagation  back 
again  of  a  pulse  in  the  original  medium,  which  may  be  regarded  as  the  reflexion  or  echo  of  the  first.  To  under- 
stand how  this  happens,  let  us  consider  what  takes  place  when  a  motion  is  first  impressed  on  any  small  stratum, 
whose  thickness  is  2  a  (as  in  Art.  63)  of  a  sounding  column,  and  let  its  law  be  as  there  expressed,  t.  e.  that  the 
velocity  of  any  one  of  its  particles  at  the  distance  x  from  its  middle  shall  be,  at  the  first  instant,  represented  by 
0(<r),  and  the  linear  extent  of  the  same  molecule,  compared  with  its  original  lengfth,  ore,  shall  equal  '^(f)  where 
(p  (x)  =  0,  and  y^  (j?)  =:  1  from  x=5  —  Qotoa?=—  a,  and  from  x  sz  -fatoj;=s  +  od;  while  from  x  =  —  o  to 
0?  =:  -f-  *  ^licy  ™ay  1j8^v®  any  arbitrary  values. 

Since  t  is  always  positive,  if  we  take  j?  >  +  a  we  have,  of  necessity,  x-\-  at>  +  a,  and,  therefore, 
0  (op  +  a  0  =  ^>  ^"^  y^^  (x -i-  a  i)  :=:  1,  so  that  the  values  of  o  and  e  in  equations  (i)  (j)  become 


ac=r-<a  — 0(j?  —  a/)-f-'^(ap  —  aOf 


Id 


-^.  which  gives 


a  c  =  a  —  r,  or  1  —«:=  —  . 
a 


Again,  on  the  ne^tive  sitle  of  the  t  we  take  :t  <  —  «,  we  have,  of  necessity!  jf  —  a  i  <  —  o»  and,  therefore, 
0  (j  —  a  0  =  ^  /  Y^  (j?  —  «  0  ^  J »  ^'^^^»  consequently. 


ae  ==  i{  a  +  0  (x  +  a  f)  +  y-  (t  +  a  0  } 


and»  therefore,  in  111  is  case. 


a' 


Now  1  —  e  =:  I  — ^  ~  =  —----  -      expresses  the  condensation  the  molecule  d  t  haa  undergpone  in  its  disturbed 
ax  a  £ 

state.  Hence  we  see,  that  in  each  of  the  two  waves  into  which  the  primary  impulse  separates  itself,  one  running 
towards  the  positive^  the  other  towards  the  nei^tive  side  of  the  J,  there  obtains  this  condition,  viz.  that  the 
condemaiiont  of  the  aerial  molecules  are  proportional  to  their  actual  velocititM^  the  fluid  being;  cortderued  wherever 
the  molecules  are  moving- /rom  the  orig-in  of  the  first  impulse,  and  diltited  when  returning'  to  it. 

This  remarkable  relation,  which  does  not  of  necessity  hold  |^ood  within  the  limits  of  the  first  disturbance, 
establishes  a  distinction  equally  marked  between  the  initial  impulse  and  the  waves  freely  propagated  from  it.  The 
former  is  subject  to  no  law,  the  latter  must  obey  this  condition.  Any  impulse,  then,  in  which  this  condition  it 
not  satisfied,  will  immediately  divide  itself  into  two  pulses  running-  opposite  ways,  in  each  of  which  the  condition 
in  question  holds^  but  so  long  as  this  condition  obtains,  no  subdivision  of  the  pulse  wilt  take  place.  This  is 
easily  shown,  for  if  we  suppose  an  initial  impulse  communicated  to  any  portion  (2  a)  of  the  fluid  in  which  this 
relation  is  purposely  maintained,  such  supposition  is  equivalent  to  making 

a  (I  -V^(x))=s0{^X 
which,  substituted  in  (i}  and  (j),  give,  for  all  values  of  x  and  f, 

ae=^^lr{x  ^  a  t), 

in  which,  whenever  x  is  negative  and  <  —  a,  we  have  t?  =  Q  and  1  —  e  ^  0 ;  thus  indicating  that  the  molecules 
on  the  negative  side  of  such  a  primitive  disturbance  as  supposed  will  remain  constantly  at  rest,  in  other  words, 
that  the  pulse  will  only  be  propagated  on  the  positive  side. 

Whenever,  then,  in  the  progress  of  a  pulse  through  a  medium,  it  receives,  by  extraneous  causes,  any  modifica- 
tion which  disturbs  the  condition  1  —  «  ^  ^,  it  will  undergo  subdivision,  and  a  portion  will  run  backward,  or  be 

reflected.  Similarly  this  portion  may  be  again  subdivided  and  undergo  partial  reflexion,  and  so  on  ad  infinitum, 
giving  rise  to  a  continual  series  of  repetitions  or  Echos  of  the  original  Sound. 

Let  us  now  examine  more  closely  what  passes  at  the  junction  of  two  mifdia  when  the  pulse  arrives  there  ;  and, 
first,  in  the  equations  (i)  and  (j)  let  us  write*  instead  of  <p  (x)  and  V'  Wt  which  are  arbitrary,  tiie  combinations, 
equally  arbitrary, 

$(x)=F(x)+/(jr) 

a 

when  it  is  to  be  observed  that  F  and/ are  not  the  same  with  the  F  and /of  Art  &7,  which  we  shall  have  no  mort 
occasion  to  refer  to.  If,  then,  we  put  t  =  1  —  c,  so  that  #  shall  represent  the  infinitely  small  condensation  under- 
gone by  the  molecule  £?  j  in  its  troubled  state,  those  equations  will  become 

r:=/(x-aO  +  F(x+«0  I  ... 

as  =  fix  -  at}^F{x  +  at)  I  ^^ 

.     Similarly,  the  state  of  those  in  the  second  will, 
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These  represent  the  state  of  the  molecules  of  the  first  medium 
of  necessity,  be  represented  by  another  system  similar  in  form, 

v^=rix~a't)  +  rix+a^i)\  .^. 

9'M'-f(x^aft}^r{x+aU)r  ^^^ 

where  a'  repreflcnts  the  velocity  of  Sound  in  the  second  medium,  but  the  functions  /'  and  F'  (which  are  not  here 
intended  to  represent  the  derived  fimctions  or  difTerential  coefficients  of/  and  F,  but  others  quite  distinct)  are 
here  no  longer  arbitrary,  because  the  motion  of  the  particles  of  the  second  medium  must  evidently  depend  on  that 
of  the  first,  and  on  their  relative  elasticities*  densities*  &c.  Let  u»  see,  then,  what  conditions  the  nature  of  the 
case,  and  their  mutual  action  at  their  point  of  junction,  will  enable  us  to  assign  for  deducing  the  forms  of  these 
functions  from  those  of  /  and  F»  supposed  to  remain  arbitrary. 


776  SOUND. 

Sound.         Now,  first,  the  condition  of  continuity  of  the  two  media  requires  that  the  strata  in  contact  should  always  have     Par 
\mms/^m/  a  couimon  motion,  or  that  for  the  value  «  ==  /,  corresponding  to  the  place  of  junction,  we  should  have  17  =  1/,  ^<«»^ 

132.  which  ffives 

Conditionof  /(/-«<)  + Ftf  +  a/)  =  /'(/- o'Q  +  F  (/+ fl^Q;  (C). 

133.  Again,  they  must  not  only  have  a  common  motion,  but  a  common  elasticity,  at  this  point  Now,  if  we  call  E 
Must  htv«  a  the  natural  elasticity  of  the  first  medium  and  £'  that  of  the  second,  the  elasticities  in  the  disturbed  state  will  be 
common  expressed  hyE^l+fis)  and  E'  (l  -(-  i^'Of  where  P  and  ft*  are  constant  coefficients  depending  on  the  nature  of 
elktucity  at  ^^  m^^  ^q^  th^  heat  developed  in  them  by  compression*  and  which  would  each  be  unity  were  no  heat  so 
their  June,    developed.     Hence  we  must  have  E  (1  +  /3  «)  =  E'  (I  +  /3  f),  and  since  in  the  state  of  equilibrium  E  s=  F,  we 

must  also  have  fis:=:fi'$\  that  is 

or,  putting  c  =:  -  X  J 

/(lTflO-F('+«0  =  c{/a^a'0-F(l  +  a'0};  (D). 

134.  Snppose  the  whole  extent  of  both  media  t6  be  initially  at  rest  (and,  therefore,  «st/s=!fs<'ssO),  for  ef«ry 
value  of  X,  but  those  comprised  within  Uie  region  of  the  primitive  disturbance  (x  s:  ±  a),  supposed  very  mumle 
and  situated  at  the  origin  of  the  «,  we  shall  have  then 

f  {x)siO  and  F(a?)  as  0  from  jrs=  I  to  d^ss  a>, 
and  since  t  is  necessarily  positive,  and  also  a\  therefore 

f  H+a!i)  =  0  and  P (/  +  fl^O  =  0, 
The  equations  C  and  D  then  become 

/(/  -  aO  - F(/  +  aO  =  cfil  -  off); 
and,  consequently, 

/(^-aO-F(/+aO  =  c{/a-aO+F(/+aO}-  (E). 

135.  Now  this  equation  is  equivalent  to  a»srcv;  x  being  supposed  =  U  (equation  A.)  Consequently,  idiatever 
Division  of  be  the  motion  of  the  first  medium,  the  existence  of  a  second,  in  contact  with  it,  establishes  at  their  point  of 
the  pulse  on  jmiQtij^  a  relation  between  the  velocity  v  and  the  condensatiOB  t  of  its  terminal  stratum,  whieh  is  incpoipailbk 


inff  an  obV    ^^^^  ^'^  Condition  a<  =  V,  (unless  in  the  very  peculiar  case  where  c  s=  1,)  which  we  have  shown  to  be  < 
stacie.         to  the  total  propagation  of  the  pulse  forward.     It  will,  therefore,  divide  itself  conformably  to  what  was  said  k 
Art  129,  and  a  portion  will  run  back  in  the  first  medium  and  cause  an  Echo. 
136.  In  the  second  medium,  on  the  other  hand,  we  have  constantly  «  >  ^  and,  therefore,  «  -f*  ^  ^  >  A  so  thM 

But  is  pro-  F  (a:  +  a'  0  =  Of  ^^^^  therefore,  the  equations  (B)  give 
jrl  r'=:«'/=/'(,-a'0;  (F.) 

yond  It       rpi,^  condition  of  the  single  propagation  of  the  pulse  onward  in  this  medium  ii  ^szd^  being  therefore  aafisfied,  no 

further  subdivision  of  the  pulse  will  take  place,  and  each  particle  of  the  second  medium  wul  be  agitated  onee  and 

no  more.   The  reader  who  would  pursue  this  discussion  (a  very  delicate  one)  fiirther,  is  referred  to  M.  Pc»noa*t 

Memoir,  Bur  le  Mouvement  des  Fluides  ElasHquet  dan*  da  Tuyaux  Cylindrique*^  M6m,  Acad.  Par.  1818^  1819^ 

See  also  a  very  curious  Paper  by  Euler,  Sur  la  Propagation  du  Son  et  iur  la  Formation  de  FEcho^  MSn.  Acad, 

Berlin,  1765,  p.  355  ;  where  he  shows  how  an  echo  may  be  formed  at  the  open  mouth  of  a  tube,  by  the  meie 

conditions  to  be  satisfied  by  the  arbitrary  functions,  and  without  any  reflexion  properly  so  called.     It  is  enoogfa 

that  the  condition  a  «  =  v  should  be  disturbed  (as  it  will  by  the  sudden  breaking  off  of  the  pipe)  to  cause  an 

echo.     See  also  Weber,  Wellenlehre,  §  276,  who  shows  how  this  disturbance  takes  place,  owing  to  the  greater 

fireedom  of  motion  suddenly  attained  by  the  particles  when  the  pulse  reaches  the  firee  air. 

jq«  If  we  suppose  a  plane  wave  of  indefinite  extent  to  fall  obliquely  on  the  surfiice  of  a  second  elastic  mediam,  each 

Oblique*  re-  P<^i^<^l®  of  this  surface  may  be  regarded  as  being  put  in  agitation  by  it  and  becoming  a  separate  and  indepoidcot 

fraction  of    Centre,  from  which  spherical  waves  originate  and  are  thence  propagated  in  either  medium  with  th^  Telocity 

Sound.        peculiar  to  it.    Now,  if  we  investigate  the  surfaces  which  in  either  medium  are  common  tangents  to  all  these 

spheres,  and  which,  therefore,  will  be  the  form  of  the  general  or  resulting  waves  in  each,  we  shall  find  them  to  be 

planes ;  that  in  the  medium  of  incidence  being  inclined  to  the  surface  at  an  angle  equal  to  that  made  with  h  by  tlie 

incident  wave,  and  that  in  the  other  medium  at  an  angle  whose  cosine  is  to  the  cosine  of  that  made  with.it  hy  the 

incident  wave  as  the  velocity  of  propagation  of  the  wave  in  the  first  medium  to  that  in  the  second.     For  the 

Internal       demonstration  of  these  propositions  we  shall  refer  to  our  article  oh  Light,  Art  586.    Thus  the  reflexion  uid 

total  refrac   refraction  of  Sound  at  oblique  surfaces  obeys  the  same  geometrical  laws  with  those  of  Light.    The  obaervatioa 

^°'  of  Messrs.  Colladon  and  Sturm,  above  cited,  Art.  95,  shows  thi^t  this  analogy  extends  to  the  case  of  obUqae 

internal  reflexion  at  the  surface  of  a  less  elastic  medium,  which,  at  a  certain  incidence,  becomes  totaL 


PART  IL 


op  MUSICAL  SOUNDS. 

^  h     Of  the  Nature  and  Production  of  Muiical  Sountk. 


^^  ^  Every  impulse  meclianically  communicated  to  the  air,  or  other  sooorous  medium,  is  propng'ated  onward  by  its     Pan  11, 
^■^  elasticity  as  a  wave  or  pulse;   but,  in  order  that  it  shall  affect  the  ear  as  an  audible  sounds  a  certain  force  and  '^^^N'^*^ 
Budctenness  is  necessary.     Thus  the  slow  waving  of  the  hand  throujrh  the  air  is  noiseless^  but  the  sudden       ^^^: 
displacement  and  collapse  of  a  portion  of  that  medium  by  the  lash  of  a  whip  produces  tlie  effect  of  an  explosion.  ^^"^^P^^^n 
It  is  evident  that  the  impression  conveyed  to  the  ear  will  depend  entirely  on  the  nature  and  law  of  the  original      ^'^**""* 
impulse^  which  being  completely  arbitrary,  both  in  duration,  violence,  and  character,  will  account  for  all  the 
variety  we  observe  in  the  continuance,  londnti;s,  and  quality  of  Sounds.     The  auditory  nerves,  by  a  delicacy  of 
mechanism,  of  which  we  can  form  no  conception,  appear  capable  of  analyzing  every  pulsation  of  the  air,  and 
appreciating  immediately  the  law  of  motion  of  the  particles  in  contact  with  the  ear.     Hence  all  the  qualities  we 
distinguish  in  Sounds— g^rave  or  acute,  smooth,  harsh,  mellow,  and  all  the  nameless  and  (leeting  peculiarities 
which  constitute  the  differences  between  the  tones  of  different  musical  instruments^ — bells,  flutes,  cords,  &c.,  and 
between  the  voices  of  different  individuals  or  different  animals. 

Every  irregular  impulse  communicated  to  the  air  produces  what  we  call  a  nohe^  in  contradistinction  to  a      1S9. 
musical  Sound,     If  the  impulse  be  short  and  single  we  hear  a  crack,  bounce,  or  explosion  ;  yet  il  is  worthy  of  ^"*'«'t  ^ 
remark,  as  a  proof  the  extreme  sensibility  of  the  ear,  that  the  most  short  oml  sudden  noise  has  its  peculiar  *^'^^,'"K"«**» 
character.     The  crack  of  a  whip,  the  blow  of  a  hammer  on  a  stone,  and  the  re]iort  of  a  pistol,  are  perfectly  nmft'^i] 
distiuguighable  from  each  other.     If  the  impulse  be  of  sensible  duration  and  very  irregutar  we  hear  a  crash,  if  Sound. 
long"  and  iuternipted^  a  rattle  or  a  rumble,  according  as  its  parts  are  less  or  more  continuous,  and  so  for  other 
varieties  of  noise. 

The  ear,  like  the  eye,  retains  for  a  moment  of  time,  after  the  impulse  on  it  has  ceased,  a  perception  of  excite-       140. 
ment.     In  consequence,  if  a  sudden  and  short  impulse  be  repeated  beyond  a  certain  degree  of  quickness,  the  ear  Contiutioui 
loses  the  intervals  of  silence  and  the  Sound  appears  continuous.     TJic  frequency  of  repetition  necessary  for  the  ^'^""^* 
production  of  a  continued  Sound  from  single  impulses  is,  probably,  not  less  than  sixteen  times  in  a  second, 
though  the  limit  would  appear  to  differ  in  different  ears. 

If  a  succession  of  impulses  occur,  at  exactly  equal  intervals  of  time,  and  if  all  the  impulses  be  exactly  similar      '^i- 
itt  duration,  intensity,  and  law,  the  Sound  prochiced  is  perfectly  uniform  and  sustained,  and  has  that  peculiar  iind  f^"o*i"ca-l 
pleasing  character  to  which  we  apply  the  term  musical     In  musical  Sounds  there  are  three  principal  points  of  p'^'y^^jj,^ 
distinction,  the  pitch,  the  intensity,  and  the  quality.     Of  these,  the  intensity  depends  on  the  violence  of  the  musical 
impulses,  the  quality  on  their  greater  or  less  abruptness,  or,  generally,  on  the  law  which  regulates  the  excursions  Sounds, 
of  the  molecules  of  air  originally  set  in  motion.     The  pitcli  is  determined  solely  by  the  frequency  of  repetition  of  Pitch, 
the  impulse,  so  that  all  Sounds,  whatever  be  their  loudness  or  quality,  in  which  the  elementary  impulses  occur 
with  the  same  frequency,  are  at  once  pronounced  by  the  ear  to  have  the  same  pitchy  or  to  be  in  unison,    Il  is  the 
pitch  only  of  musical  Sounds  whose  theory  is  susceptible  of  exact  reasoning,  and  on  this  the  whole  doctrine  of 
harmonics  is  founded.     Of  their  quahties  and  the  molecular  agitations  on  which  they  depend,  we  know  too  little 
to  subject  them  to  any  distinct  theoretical  discussion. 

The  means  by  which  a  series  of  equidistant  impulses,  or,  to  speak  more  generally,  by  which  an  initial  impulse       142. 
of  a  periodical  nature  (*,  e,  capable  of  being  represented  by  a  periodical  function)  can  be  produced  mechanically,  iteansof 
are  extremely  various*    Thus,  if  a  toothed  wheel  be  turned  round  with  uniform  velocity,  and  a  steel  spring  be  made  pro<J'^<;'«g 
to  bear  against  its  circumference  with  a  constant  pressure,  each  tooth,  as  it  passes,  will  receive  an  equal  blow  {J^pui^J 
from  the  spring,  and  the  number  of  such  blows  per  second  will  be  known,  if  the  velocity  of  rotation  and  number 

I    of  teeth  ill  the  wheel  be  known. 
The   late   Professor   Robison    devised   an  instrument  in  which  a  current  of  air  passing  through    a  pipe      143. 
was  alternately  intercepted  and  permitted  to  pass  by  the  opening  and  shutting  of  a  valve  or  stopcock.    When  The  Sireoe. 

■  this  was  performed  with  sufficient  frequency  (which  could  only  be  done,  we  presume,  by  giving  a  rapid  rotatory 
motion  to  the  stopcock  by  wheel  work)  a  musical  tone  was  produced,  whose  pitch  became  more  acute  as  the 
alternations  became  more  frequent.  This  is  precisely  the  principle  of  the  S Irene  of  Baron  Cagniard  de  la  Tour* 
In  this  elegant  instrument  the  wind  of  a  bellows  is  emitted  through  a  small  aperture,  before  which  revolves 
a  circular  disc,  pierced  with  a  certain  number  of  holes  arranged  in  a  circle  concentric  with  the  axis  of  rotation, 
exactly  equidistant  from  each  other,  and  of  the  same  size,  &c.  The  orifice,  through  which  the  air  passes,  is 
so  situated,  that  each  of  these  holes,  during  the  rotation  of  the  disc,  shall  pass  over  it  and  let  through  the  air,  but 
the  disc  is  made  to  revolve  so  near  the  orifice,  that  in  the  intervals  between  the  holes  it  shall  act  as  a  cover  and 
intercept  the  air-  If  the  holes  be  pierced  obliquely,  the  action  of  the  current  of  air  alone  will  set  the  disc  in 
motion  :  if  perpendicular  to  the  surface,  the  disc  must  be  moved  by  wheelwork,  by  means  of  which  its  velocity  of 
rotation  is  easily  regulated  and  the  number  of  impulses  may  be  exactly  counted.  The  Sound  produced  is  clear 
and  sweet,  like  the  human  voice.  If,  instead  of  a  single  aperture  for  transmitting  the  air,  there  be  several,  so 
disposed  in  a  circle  of  equal  diraensioD  with  that  in  which  the  holes  of  the  disc  are  situated,  that  each  shall  be 
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Sound,     opposite  one  corresponding  hole  when  at  rest,  these  will  all  form  Sounds  o^  one  pitch,  and  being  heard  together    Pi 
y^^sr^^  will  reinforce  each  other.     The  Sirene  sounds  equally  when  plunged  in  water,  and  fed  by  a  current  of  that  fluid,  ^^ 
as  in  air ;  thus  proving  that  it  is  the  number  of  impulses  alone,  and  nothing  depending  on  the  nature  of  the 
medium  in  which  the  Sound  is  eicited,  that  influences  our  appreciation  of  its  pitch. 

144.  In  general,  whatever  cause  produces  a  succession  of  equidistant  impulses  on  the  ear,  causes  the  sensation  of  a 
Echos  from  musical  Sound,  whether  such  periodicity  be  a  consequence  of  periodical  motions  in  the  origin  of  the  Sound,  or  of 
a  series  of  the  mode  in  which  a  single  impulse  is  multiplied  in  its  conveyance  to  the  ear.  For  example,  a  series  of  broad  palisades 
palisades.     ^^  edgeways  in  a  line  directed  from  the  ear,  and  equidistant  from  each  other,  will  reflect  the  Sound  of  a  blow 

struck  at  the  end  of  the  line  nearest  the  auditor,  producing  a  succession  of  echos,  which  (by  reason  of  the  equidifttanoe 

of  the  palisades)  will  reach  his  ear  at  equal  intervals  of  time,  (  =  2  X  ^-^ — : ~- ; — V  and  will 

^  ^  ^  •  y^  velocity  of  Sound     / 

therefore  produce  the  effect  of  a  number  of  single  impulses  originating  in  one  point.  Thus  a  musical  note  will 
be  heard  whose  pitch  corresponds  to  a  number  of  vibrations  per  second,  equal  to  the  quotient  of  the  velocity  of 
Sound  by  twice  the  distance  of  the  palisades. 

145.  A  similar  account  may  be  given  of  the  singing  Sound  of  a  bullet,  or  other  missile,  traversing  the  air  with  great 
Singing  of  a  rapidity.  The  bullet  being  in  a  state  of  rapid  rotation,  and  not  exactly  alike  in  all  its  parts,  preseifiB,  periodically, 
bullet.         ^i  equal  intervals  of  time  and  space,  some  protuberance  or  roughness  first  to  one  side,  then  to  the  other.    Tlmi 

an  interruption  to  the  uniformity  of  its  mode  of  cutting  through  the  air  is  periodically  produced,  and 
reaches  the  ear  in  longer  or  shorter  equal  intervals  of  time,  according  as  the  rectilinear  velocity  of  the  build 
bears  a  greater  or  less  ratio  to  the  velocity  of  its  rotation  about  its  axis. 

146.  The  echos  in  a  narrow  passage,  or  apartment  of  regular  figure,  being  regularly  repeated  at  equal  very  small 
Echos  in  a  intervals,  always  impress  the  ear  with  a  musical  note ;  and  this  is,  no  doubt,  one  of  the  means  which  bliod 
chamber,  persons  have  of  judging  of  the  size  and  shape  of  any  room  they  happen  to  be  in.  But  the  most  ordinary  wa]fs 
\  7^?°'  in  which  musical  Sounds  are  excited  and  maintained  consist  in  setting  in  vibration  elastic  bodies,  whether 
1^1^^         flexible,  as  stretched  strings,  or  membranes ;  or  rigid,  as  steel  springs,  bells,  glasses,  &c.  or  columns  of  air  of 

determinate  length  enclosed  in  pipes.  All  such  vibrations  consist  in  a  regular  alternate  motion  to  and  fro  of  the 
particles  of  the  vibrating  body,  and  are  performed  in  strictly  equal  portions  of  time.  They  are,  therefore,  adapted 
to  produce  musical  sounds  by  communicating  that  regularly  periodic  initial  impulse  to  the  aerial  molecules  iB 
contact  with  them  which  such  sounds  require.  We  shall,  therefore,  proceed  to  consider  more  particularly  the 
principal  of  these  modes  of  production ;  but  especially,  at  present,  the  first  and  last,  being  the  most  simpk 
cases. 

§  II.     Of  the  Vibrations  of  Musical  Strings  or  Cords, 

147.  If  a  string,  or  wire,  be  stretched  between  two  fixed  pins,  or  supports,  and  then  struck,  or  drawn  a  little  oal 
Vibration  of  of  its  straight  line,  and  suddenly  let  go,  it  will  vibrate  to  and  fro,  till  its  own  rigidity,  and  the  resistance  of  the 
a  stretched  ^ir,  reduce  it  to  rest ;  but  if  a  bow  (which  is  an  instrument  composed  of  a  bundle  of  fibres  of  horse  hair,  loosd) 
^^^  '           stretched,  and  rendered  adhesive  by  rubbing  with  rosin)  be  drawn  across  it,  the  vibrations  are  continually  renewedi 

and  may  be  maintained  for  any  length  of  time,  and  a  musical  Sound  is  heard  corresponding  to  the  rapidity  of  the 

vibration. 

148  The  mathematical  theory  of  the  vibrations  of  a  stretched  cord  is  remarkable,  in  an  historical  point  of  view,  is 

having  given  rise  to  the  first  general  solution  of  an  equation  of  partial  differences ;  and  led  geometers  to  the 

consideration  of  the  nature  and  management  of  the  arbitrary  functions  which  enter  into  the  integrals  of  tbrie 

equations.    Such  functions,  as  we  have  seen,  enter  into  the  general  expressions  for  the  motion  of  the  air  in  Sound ; 

and  such,  as  we  shall  presently  show,  into  that  of  the  molecules  of  a  vibrating  cord ;  and  a  long  and  livdj 

discussion,  on  the  degree  of  generality  which  ought  to  be  attributed  to  them,  soon  arose  between  Euler,  D'AIem- 

bert,  D.  Bemouilli,  and  Lagrange.     It  is  not,  however,  our  intention  in  this  Article  to  enter  into  any  points  of 

historical  detail,  and  we  shall  content  ourselves  with  a  reference  to  the  principal  Memoirs,  &c.  on  the  subject, 

which  the  reader  may  consult  for  himself;  while  we  proceed  to  give  such  a  view  of  the  subject  as  is  consistent 

with  the  present  state  of  knowledge  on  this  delicate  point,  and  sufficient  for  the  purpose  we  have  in  hand.    See 

References.  Taylor,  De  Motu  Nervi  Tensi,  Phil.  Trans,  1713-26  ;  D'Alembert,  Mem.  Acad.  Berl.  1747  ;  Ditto,  1753;  Ditto 

Opuscules,  torn.  i. ;  Euler,  Mim.  Acad.  Berl.  1753;  Daniel  Bemouilli,  Ditto;   Lagrange,  Miscellanea  Taurtn. 

vol.  i.     See  also  Sauveur,  Mem.  Acad,  for  1713,  p.  324  :  J.  Bemouilli,  on  Vibrating  Cords,  Petrop.  Camm.  iii* 

13  ;   Daniel  Bemouilli,  Ditto,  p.  62;  Ditto,  on  Vibrations  of  Unequal  Cords,  Acad.  Berl.  1765,  p.  81  ;   Ditto, 

on  Vibrations  of  Compound  Cords,  N.  Comm.  Petropp.  xvi.  257 ;  Euler,  Acad.  Berl.  1748,  p.  69  ;  Ditto,  Ditto, 

1765,  p.  307,  335 ;   Ditto,  on  Unequal  Vibrating  Cords,  N.  Comm.  Petropp.  xvii.  381  ;   Ditto,  1780.  iv.  ii.  99. 

149.  Let  M  N  (fig.  9)  be  a  cord  maintained  by  any  means  in  a  constant  state  of  equal  tension  throughouU  and  disturbed 

Solution  of  by  any  external  cause  from  its  rectilinear  position,  and  then  left  to  take  its  own  form  and  motion  in  consequenee 

the  problem  ^f  j^g  tension;  its  gravity,  however,  being  neglected.     Let  MABCDN  be   the  figure  of  the  cord  after  the 

Uons*of"a'    ^®P®^  ^^  ^"y  ^'™®  ^  ^^™  ^^^  initial  disturbance ;  respecting  which  we  will  only  suppose  that  the  distance  of  all 

stretched     its  points  from  the  axis  V  T  (the  undisturbed  rectilinear  position  of  the  cord)  is  extremely  small ;  so  that  in  this 

cord.  theory,  as  in  that  of  the  sonorous  vibrations  of  the  air,  we  concern  ourselves  only  with  such  excursions  of  the 

Pig-  9*        vibrating  molecule  as  may  be  considered  infinitely  minute.     Let  A  B  C  D  be  points  of  the  cord  infinitely  near 

each  other ;   and  erecting  the  ordinates  A  P,  B  Q,  C  R,  D  S,  and  drawing  A  a,  B  6,  C  c,  D  d,  parallel  to  V  T 
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""^      put  V  P  =s  jT,  V  Q  =  x^  V  R  t=  y,  Ac.  and  A  P  -  y,  B  Q  =  y,  C  R  t=  y^.  &c.     Let  the  tenaion  of  the  cord  at    P»rt  If. 

*"  ^^    rest  be  represented  by  c,  which  (since  the  cord  is  infinilely  little  dislijrb«^d  from  its  position  of  repose)  will  also  ^^"^"v^ 
be  its  ten»iioti  in  its  disturbed  state ;  and  will  iti  this,  as  in  the  former  stale,  be  uniform  over  its  whole  leng^tlj, 
the  curvature  being  evanescent*     The  point  B  of  the  cord  then  will  be  solicited  towards  the  axis  by  the  tension 
e  applied  at  B,  and  acting  in  the  direction  B  A,  and  whose  resolved  value  is,  therefore, 

,t  I  d  X        2\d  j/  \  dx 


BA 


^djr^+c/y^ 


rfy 


neg-lecting  the  higher  powers  of  the  quantity  -~^,  which  {being  the  tangent  of  the  inclination  of  tlie  element 

a  J? 

A  B  to  the  axis)  is  inHnitely  stnalh     Similarly  the  point  B  will  be  solicited  from  the  axis  by  the  tension  c  applied 

at  B  in  the  direction  B  C»  whose  resolved  part  in  the  direction  of  the  ordinate  is  equal  to  c  .  -r^.     The  resolved 

dr 

parts  in  directions  parallel  to  the  axis,  being-  equal  and  parallel,  destroy  each  other ;  consequently,  the  vv!io!e 

ffvrce  applied  at  B  will  be  c  ,  (  -—^ —  -; —  ) ;  or,  supposing  d  x  constant,  c  *  —  — -  d  or,  tending  to  increase 

\d  jf         d  ,t  /  dx* 

the  value  of  y. 

Now  the  motion  of  the  cord  will  be  the  same,  whether  we  regard  it  as  a  continuous  mass,  or  compound  of      150. 
detached  particles  situated  at  A,  B,  C,  D,  &c.  and  connected  by  filaments  A  B,  B  C,  &c.  without  weight.     Tims  Its  equation 

AB-j-BC                                       BC4-CD  derived  ind 

at  B  we  may  conceive  to  be  placed  a  weight  equal  to  — %  at  C  the  weight ~^ ,  and  so  on,  that  ii^tegrtted. 

/dy\ 
IS,  neglecting  (  —r—  I ,  simply  a  constant  weight  a  j  in  each  point.     This,  then,  is  the  mass  to  be  moved  by  the 


d^  y  .  d^  ff 

moving  force  c  -~-  d  J,  and  the  accelerating  force  is,  therefore,  simply  c  ^-_^ 


Hence,  calling  t  the  time. 


and  regarding  d  t  as  constant  as  well  as  cf  2,  r  and  i  being  independent  variables,  and  putting  2  g  :=  ©-"^SOSS 
=  32*^18169,  or  ff  =  16*^090845,  we  have 


I 


^  ^2ec.^- 
de  ^""^^'dx*' 


or,  putting 


di^ 


di^' 


Tills  equation  is  precisely  similar  to  that  above  obtained  for  the  propagation  of  Sound  along  a  cylindrical  pipe, 
and  its  integral  Willp  of  course,  be  of  the  same  form,  viz. 

y  =  Fix  +  ai}^f(x-aLy 

The  determination  of  the  arbitrary  functions  in  this  equation  will  depend  on  the  conditions  we  may  set  outfrom^       ISL 
Now,  first,  when   the  cord  is  supposed  to  be  of  indefinite  length,  and  the  part  initially  disturbed  to  be  compa-  Determim. 
TiUwely  very  small ;  and  having  an  indefinite  undisturbed  portion  on  either  side.     In  this  case,  it  is  evident  by  t^«n  of  i^e 
the  very  same  reasoning  as   that  of   Articles  63  and  64,  that  a  pulse  or  undulation  will  run  out  both  ways  J'^^'^';^'? 

along  the  cord  from  the  point  of  initial  disturbance,  with  a  velocity  represented  by  a  ^  "^  2gc^  every  molecule 
of  the  cord  being  once  agitated  during  the  time  the  pulse  runs  over  it,  and  no  more.  Moreover,  a  condition 
similar  to  that  which  ensures  the  single  propagation  of  the  pulse  when  once  it  has  proceeded  beyond  the  limits 
of  the  initial  disturbance  (j;  —  ±  a)  in  the  theory  of  Sound,  holds  good  in  the  present  case ;  for  we  have 

dx 

d  i 
So  that  on  the  positive  side  of  the  ^,  when  x  >  a,  and  therefore  x  +  a  <  =  a,  and  F  (j  +  a  0  and  F(^  -f-  aQ  Condition 

dy  d  y  for  the  «in- 

=  0,  we  shall  have  f^  — ^  ==  —   — 


d^ 


di 


gle  propa- 
Ifation  of  « 
wave. 


which  expresses  that  the  tangent  of  the  obliquity  of  the  cord  to  the  axis  in  its  disturbed  state,  at  any  point,  is 
proportional  to  the  absolute  velocity  of  that  point  in  its  motion,  or  putting  B  =  angle  B  A  a, 

a .  tan  ^  =  —  u  ; 

and  when  this  conditon  ceases  to  hold  good,  as  it  does  when  the  pulse  encounters  an  obstacle  either  fixed  the  wave  by 
or  less  movable  than  the  rest  of  the  cord*  it  will  be   either   wholly  reflected,  or  divide  itself  into  two,  one  an  obstacle* 
running  back,  and  producing  a  species  of  imperfectly  echoed  or  reflected  wave,  just  as  in  the  theory  of  Sound*     "^^  Sowod. 
VOL,  IV.  ^  1 
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152. 

Velocity 
with  which 
a  wave  raot 
along  a 
stretched 
cord. 

153. 
Caie  whea 
oneeztre- 
initT  of  the 
cord  U 
fixed. 


154. 
Case  when 
both  ends 
are  fixed. 

155. 
In  this  cast 
the  cord 
assumes  a 
continued 
vibratory 
motion. 


Since,  in  the  above  investigration,  c  represents  k force  equal  to  the  tension  on  the  same  scale  that  ti  jp  represeats 
a  vmght  equal  to  that  of  the  element  d  x,  we  have 

weight  of  ds  :  tension  ::  dx  :  e. 

Hence  c  represents  the  length  of  a  portion  of  the  cord  whose  weight  is  equal  to  the  tension,  and  ^2gc  the 
velocity  which  would  be  acquired  by  a  body  falling  freely  by  gravity  through  that  length.  Hence  this  theorem. 
The  velocity  of  a  ptdse,  or  undulation  propagated  oiong  a  tended  cord,  i$  equal  to  that  which  a  heavy  body  would 
acquire  by  falling  freely  through  the  length  of  a  portion  of  the  cord  whoie  weight  ii  equal  to  its  tension. 

Let  us  next  suppose  the  cord  attached  at  one  of  its  extremities  to  an  immovable  point,  and  let  the  undulation 
be  supposed  to  reach  this  point,  at  which  suppose  x  si  I,  then,  whatever  lie  the  value  of  /,  y  =  0,  when  x=zl 
So  that  we  must  have 

Since  at  may  have  any  positive  value,  and  since  on  the  positive  side  of  the  x  (at  which  we  have  supposed  the 
fixed  end  situated)  x  <  /,  therefore  ^  —  x  is  in  all  cases  positive,  and  therefore  may  be  one  df  the  values  of  at 
We  may  substitute,  then,  I  —  x  for  at  in  this  equation,  when  we  get  for  positive  values  of  jp  less  than  ^  and  for 
all  negative  ones 

F(2/^ap)+/(j?)  =  0;        or  F  (2/- x)  =r  - /(x).  Cp) 

Now,  in  general,  y  =  F  (j?  +  a  0  +  /(-^  ""  «  0- 

If,  then,  we  make  a  <  =  a?  -f  «,  where  w  is  any  quantity  between  +  o  and  —  a,  at  which  values  of  x  both  /(x) 
and  F  (x)  may  be  suppdsed  to' vanish, 

y  =  F(«x  +  «)+/(-«). 
and  if  we  make  a<:=2/  —  x  +  i»,  we  have 

y=:F(2/  +  a^)  +/(2x-2/-iu), 

but  by  (p)  F  (21  Jt  ^)--'f{-'  «). 

so  that  for  the  latter  value  of  t  we  have 

y=-/(-i«>)  +  /(2x-2/-.u). 

Now  since  when  <  =  0,  we  have  y  =  F  (x)  +  /(x)  and  ^^  =  F  (x)  +/'(«)  ;  3T"  =  «  {  ^  W  —  /'  (*)  }  • 

d  X  at 

all  these  values  must  vanish  unless  x  lies  between  the  limits  +  a  and  —  a.  Consequently,  for  all  values  but 
those  comprised  within  such  limits,  we  now  have  F  (x)  =  0  andy*(x)  =  0.  From  the  above  equations,  then, 
supposing  X  >  o,  or  <  —  a ;  and,  therefore,  F  (2  ^r  +  w)  =  0,  and  /  (2  x  —  2  /  —  iw)  =  0,  we  see  that  for 
values  of  a  ^  between  X'\-a  and  x^a^  y  will  have  real  values ;  and  that  when  a  t  attains  any  value  between 
2  /  —  X  +  a*  and  2  /  —  x  —  a,  y  will  again  have  real  values,  the  same  as  the  former,  only  with  contrary  signs. 
Thus  the  reflected  pulse  runs  back  with  the  same  velocity  as  the  direct,  and  is  in  all  respects  similar  and  equal 
to  it,  only  that  it  lies  on  the  opposite  side  of  the  axis.  A  reasoning  precisely  similar  applies  to  the  case  of  an 
aerial  pulse  reflected  from  the  bottom  of  a  stopped  pipe,  supposed  peifectiy  rigid. 

If  the  cord  be  fixed  at  both  ends,  the  two  pulses  into  whish  the  initial  pulse  has  separated  itself,  will  each  be 
totally  reflected,  and  will  run  along  the  whole  length,  being  reflected  again  at  the  other  end,  and  thus  run 
backwards  and  forwards  for  ever,  at  least  if  we  neglect  the  effect  of  the  stiffness  of  the  cord  and  resistaooe 
of  the  air ;  crossing  each  other  at  each  traverse. 

Suppose  the  whole  length  of  the  cord  to  be  /  +  f  =  L,  of  which  I  lies  on  the  positive,  and  V  on  the  negative 
side  of  the  origin  of  the  x.    That  portion  of  the  subdivided  primitive  pulse  which  runs  towards  the  positive  side 

of  the  X  will  describe  the  length  lin  a  time  =  —  ;  being  then  reflected  it  will  describe  the  whole  length  l-^-t 


Fto 


m  a  time 


l  +  V 


and  being  again  reflected,  it  will  describe  Z'  in  a  time  -^,  so  that  after  a  time 


=  -  + 


l+r 


r  _  2L 


it  will  reach  its  first  starting  point ;  and  having  been  twice  inverted  by  reflexion,  will  lie  now  on  the  same  side 
of  the  axis  it  originally  was.  Similarly,  the  negative  portion  of  the  original  pulse  will  describe  r,  f  -}-  I,  and  t 
and  reach  its  starting  point  afler  two  reflexions  in  the  time 


V  +  l 


;  _  2L 

-f-  •—  ^  « 

a         a 


a  a 

the  same  as  the  other,  and  will  also  have  recovered  its  original  situation  with  respect  to  the  axis.     TTius  at  the 
end  of  this  time  the  two  pulses  will  precisely  reunite,  and  constitute  a  compound  pulse  in  all  respects  similar  to 

2  L 

the  initial  impulse.     The  state  of  the  cord,  then,  afler  the  lapse  of  the  time   -^  ,  will  (abstracting  the  effects  of 


AT         #5  T 

resistance,  &c.)  be  precisely  what  it  was  at  first ;  and  so  again,  afler  the  lapie  of  time  —  ,  —  , 
state  wiU  lecur,  so  ibat  If  lefl  to  itself  it  will  continue  to  vibrate  for  ever. 


&c.  the  same 


OUND 


ind.         Thus  we  see  that  what  in  an  indefintte  cord  wae  merely  a  pulse  niTining^  along  it  and  never  returning^,  becomes, 

V  ™* '  by  the  reaction  of  the  fixed  extremiiies  of  a  finite  one,  a  reg-ultir  vibration,  in  which  each  molecule  repeats  its 

motion  to  and  fro  on  either  side  of  the  axis,  at  equal  intervals,  for  ever.     In  the  foregoing-  reasoning  no  particular      1  bS, 

assumption  has  been  made  respecting'  the  value  of  a.      It  has   not  been  supposed  smaU  with   respect  to  /,  t,  Passage 

and,  consequently,  the  above  conchisbn  applies  equally  to  the  case  where  the  initial  disturbance  is  confined  ^fo"^atra"- 

to  a  minute  portion  of  the  cord,  and  where  a  larg-e  portion,  or  even  its  whole  length,   is  disturbed  at  onie.  J^  t'^ermiT- 

Only  in  the  former  case  the  motions  of  the  individual  molecules  of  the  cord  will  be  performed  by  starts  interrupted  nem  vibra- 

by  intervals  of  absolute  rest  in  the  aiis.     In  the  latter  there  will  be  no  moments  of  rest  but  tho.«e  when  tlie  tiou. 

direction  of  the  motion  changes  at  the  extreme  points  of  their  excursions* 

Hence  we  conclude  that  when  a  stretched  cord,  whose  lengtli  ^  L»  is  struck,  or  forcibly  drawn  out  of  its  straight      157. 

situation  into  any  form  and  let  go,  it  will  continue  to  vibrate  to  and  fro,  and  that  the  time  of  one  complete  p"'?  <*^  ^j- 

^  bratiOQ  of  t 

Tibrationi  after  which  it  resumes  its  initial  state,  is  represented  by ^  r  being  equal  ta  the  time  of  a  ^.^^^ 

a         V2gc 

pulse  running  over  double  the  length  of  the  cord,  or  to  the  time  in  which  a  body  would  describe  such  double 
length  with  the  velocity  acquired  by  falling  down  a  height  equal  to  the  length  of  a  portion  of  the  cord  whose  weight 
is  the  tension. 

Hence  the  times  of  vibration  of  different  cords  are,  as  their  lengths  directly,  and  the  square  roots  of  the  tending      158. 
forces  inversely,  and  the  number  of  vibrations,  dato  tempore^  as  the  lengths  inversely,  and  the  square  root  of  the  1"  different 
tensions  directly.  ^^   ^' 

The  equations  which  express  the  conditions  arising  from  the   immobility  of  the  ends  of  the  cord  so  far  limit      159. 
the  arbitrary  functions  F  and  f^  that  when  the  figure  of  the  cord  between  its  two  extremities  is  given  it  may  be  Pfolong*- 
prolonged  beyond  them  to  any  extent     To  show  this^  let  ^i  represent  the  ordinate  P^  M^  of  tbe  curve  supposed  to  ^"*"  *>f  *J"* 
be  continued  beyond  B,  one  of  the  fixed  extremities,  at  a  distance,  B  Pp  beyond  that  end  equal  to  B  P,  ^^e  ^^^^*^^^^* 
distance  from  it  of  the  ordinate  y,  and,  for  simplicity,  suppose  V  ^  0,  or  let  the  origin  of  the  x  be  at  the  other  guijer  side 
fixed  extremity.  A,  (fig,  10.)     Then  we  have  of  its  flied 

y  —  Fix  +  at) +f{j^^  a  0*  Fif.  10, 

yj  t=  F  (2  L  -  J  -f-  fl  0  +  /(2  L  —  ^  -  a  0- 
Now  the  condition  of  Art,  153,  derived  from  the  fixity  of  the  point  B,  viz. 

F(2L-ap)  +  /(x)^0, 
givesi  if  we  write  for  x  successively  x  —  at  and  2  L  —  jr  —  a  f,  the  following  equations, 

F (2  L  -  J  +  fl  0  +  /(^  -  £f 0  =  Of 
F  (x  +  a  0  +/(*  L  *-  «  -  ^  0  =  0, 

whose  sum  is  no  other  than 

Thus  we  see  that  the  curve  A  M  B  will  be  continued  beyond  B  by  merely  reversmg  it  from  right  to  left  and 
transferring  it  to  the  otlier  side  of  the  axis.  Again,  if  we  put  y,  for  the  ordinate  P,  Bfl^  at  a  distajice  ^  x  beyond 
Ct  we  have 

y,  =  F(2L  +  ^  +  aO+/(2X  +  £~  at), 

F  (2  h  +  s  +  at)  +f(  ^  x~  at)^0  T 

and  F(-  j  +  aO+/(2L  + j: -oO  =  0  I 

On  the  other  hand,  the  condition  of  the  immobility  of  the  point  A  gives,  as  we  have  seen, 

in  which,  writing  successively  for  jp,  +  ^  +  ^ ^  ^ind  -^x+at^vve  get 

F(^j  +  ai)+fi£-at}=iO  f 

and  subtracting  the  sum  of  these  from  that  of  the  two  former,  we  find  ultimately 

y,  ^  y  =  0,  or  y,  —  y, 

so  that  the  portion  of  the  curve  C  Mf  D  is  the  very  same  with  the  first  portion  A  M  B,  And  thus  we  may  go  on 
as  far  as  we  please,  repeating  the  same  curve  alternately  in  a  direct  and  reverse  position^  and  the  same  manifestly 
holds  good  on  the  other  side  of  the  point  A» 

A  very  simple  conj?ideration  will  show  »bat  such  ought  to  be  the  case ;  for  if  we  conceive  two  equal  and  similar      160. 
cords,  A  M  B,  B  Mj  C,  (fig.  10.)  both  attached  to  the  same  point,  B,  and  vibrating  simultaneously,  the  strain  on  Origin  o/ 
B»  from  both  their  tensions,  will  be  always  equal  and  opposite,   provided   the  curves  be  so  related  as  alxive  "^^^p*' 
described^  and  B^  therefore,  will  be  retained  in  equilibrium,  independently  of  its  attachment  to  any  extraneous  ^^g^  j^ 
body,  so  that  were  it  detached,  or  if  tbe  two  cords,  instead  of  being  fixed  to  one  immovable  point,  were  merely      ^^^ 
linked  together  at  B,  so  as  to  form  one  cord  of  double  the  length,  their  vibrations  would  be  the  same.  a  cord  may 

Some  curious  and  important  consequences  follow  from  this.     And,  first,  a  cord,  although  vibrating  freely,  may  have  any    • 
yet  have  any  number  of  points,  equally  distributed  at  aliquot  parts  of  its  whole  length,  which  never  leave  the  nurnbtrof 
axis,  and  between  which  the  vibrating  portions  are  equal  and  similar,  and  lie  alternately  above  and  below  the  ^^^' 

b  I  2 
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Sound.  a»s,  and  in  reversed  positions  as  Ur  right  and  left  Such  points  of  rest  are  called  nodes  or  nodal  points,  the 
v^av*^*/  intermediate  portions  which  vibrate  are  termed  beUiei  or  ventral  tgrnenU, 

162.  Secondly,  if  a  string  in  the  act  of  vibration  be  touched  in  any  point  so  as  to  reduce  that  point  to  rest  and  retain 

Division  oft  it  in  the  axis,  then  if,  after  the  contact,  it  vibrate  at  all,  it  will  divide  itself  into  a  certain  number  of  ventral  parts 
vibrating  similar  and  equal  to  each  other  and  separated  by  nodes,  and  each  of  these  will  vibrate  as  if  the  others  had  no 
^^^^'^^  ^  eiistence,  but  instead  the  nodes  were  fixed  points  of  attachment  Hence,  if  L  be  the  whole  Iragth  of  a  cord,  n  the 
imu  v!br»-  number  of  ventral  segments  into  which  it  divides  itself,  and,  therefore,  n  —  1,  the  number  of  its  nodes,  the  time  of 


Ptttn. 


ting  simul« 
tuieoasly. 


one  complete  vibration  (going  and  returning)  will  be  - 


2L 


and  the  number  of  vibrations  per  second  will  be 


n^2^c, 

represented  by  the  reciprocal  of  this  fraction. 
108,  Experience  confirms  this.    If  the  string  of  a  violin,  or  violoncello,  while  maintained  in  vibration  by  the  action 

Prodtiction   of  the  bow,  be  lightly  touched  with  the  finger  or  a  feather  exactly  in  the  middle,  or  at  one-third  of  the  ien|^  it 
^barmooie  ^ji|  not  cease  to  vibrate,  but  its  vibrations  will  be  diminished  in  extent  and  increased  in  firequency,  and  a  note 
SotiDdi.       ^211  become  audible,  fiiinter  but  much  more  acute  than  the  original,  or,  as  it  is  termed,  the  fimdamaUal  note  of 
the  string,  and  corresponding  in  the  former  case  to  a  double,  in  the  latter  to  a  triple  rapidity  of  vibration.    The 
note  heard  in  the  former  case  being  the  octave,  in  the  latter  the  twelfth,  above  the  fundamental  tone      (See  Index, 
Muiical  InUriioU,)  If  a  small  piece  of  light  paper,  cut  into  the  form  of  an  inverted  V,  be  set  astride  on  the  string, 
it  will  be  violently  agitated,  and,  probably,  thrown  off  when  placed  in  the  middle  of  a  ventral  segment  while  at 
a  node  it  will  ride  quietly  as  if  the  string  were  (as  it  really  is  at  those  points)  at  perfect  rest     The  Sounds  thus 
produced  are  termed  harmonics. 
164.  But  further,  any  number  of  the  different  modes  of  vibration,  of  which  a  cord  is  thus  susceptible,  loay  be  going 

Cot&ittence  on  timultantmuiy^  or  be,  as  it  were,  superposed  on  each  other.  This  is  a  consequence  of  the  principle  in 
^'od  ^^  mechanics  of  **  the  superposition  of  small  motions,"  which,  when  the  excursions  of  the  parts  of  a  system  firom  their 
vibr^ion  in  V^^^^^  ^^  ^^^^  ^'^  infinitely  small,  admits  of  any  or  all  the  motions  of  which,  from  any  causes,  they  are  susceptible^ 
•ntcord.  to  go  on  at  once  without  interfering  with  or  disturbing  each  other.  In  the  particular  case  before  us  it  b  easOy 
shown,  for  since  the  general  iniegrd  of  the  equation 

rf'y 


IS 


y  =  F(j:  +  aO+/(J?-aO. 


where  F  and /denote  arbitrary  functions,  we  may  suppose 

F(ar)  =F.  (x)  +  F.(i-)  +F,(x)  +  &c. 

/(^)  =/  (^)  +/.(J?)  +/.(^)  +  &c. 

where  F^,  Fi,  &c.,  and  /,  /,  &c.,  denote  functions  equally  arbitrary,  and  we  get 

y={F,Cr  +  aO-f/i(x-aO}  +  {F,Cr+aO+/.(*-aO}  +  &c 

Now  each  of  the  expressions  within  brackets  is  the  integral  of  an  equation  exactly  similar  to  the  original  one. 
Therefore,  if  we  put 

aU  "■       d^'    de    ^       djf' 


&c. 


we  shall  have 


y  =  yi  +y,  +  yt  +  &c. 
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Thus,  if  the  several  particular  modes  of  vibration,  y  =  y,  y  =r  y„  Ac,  be  possible,  y  =  yi  +  ys  +  &c.  will  also 
be  possible :  the  ordinate  of  the  curve  into  which  the  cord  at  any  moment  forms  itself  in  virtue  of  the  compound 
vibration  will  be  the  sum  (algebraically  understood)  of  the  ordinates  it  would  have  in  virtue  of  each  simple  one, 
separately :  the  compound  curve  will  be  formed  by  first  constructing  on  the  abscissa,  as  an  axis,  any  one  of  the 
simple  ones,  then  on  that  curve,  as  an  abscissa,  any  other,  on  the  new  curve  thence  arising  any  other,  and  so  on. 

Hence  it  is  evident  that  if  we  suppose  the  curve,  whose  ordinate  is  yi,  to  be  of  the  form,  fig.  11,  (a)  having  no 
node,  and  that  whose  ordinate  is  y„  to  have,  for  instance,  one  node,  as  fig.  II,  (6)  the  corresponding  modes  of 
vibration,  when  coexisting,  will  produce  a  curve,  such  as  (c).  On  these  we  may  superpose  a  third  mode  of 
vibration,  where  the  string  divides  itsdf  into  three  ventral  segments,  as  (rf).  and  the  result  will  be  a  curve,  sudi  as 
(e),  and  so  on  to  any  extent.  The  reader  may  exercise  himself  in  tracing  the  variations  of  form  in  these  curves 
as  they  go  through  the  several  phases  of  their  periodic  excursions  during  one  complete  period  of  a  vibration  of  the 
whole  string  as  one  cord. 

Experience  again  confirms  this  result  of  theory.  It  was  long  known  to  musicians  that,  besides  the  principal  or 
fundamental  note  of  a  string,  an  experienced  ear  could  detect  in  its  Sound  when  set  in  vibration,  especially  idiea 
very  lightly  touched  in  certain  points,  other  notes,  related  to  the  fundamental  one  by  fixed  laws  of  harmony,  and 
which  are  called,  therefore,  harmonic  sounds.  They  are  the  very  same  which,  by  the  production  of  distinct  nodes, 
may  be  insulated,  as  it  were,  and  cleared  from  the  confusing  effect  of  the  coexistent  Sounds,  as  in  Art  16S. 
They  are,  however,  much  more  distinct  in  bells,  and  other  sounding  bodies,  than  in  strings,  in  which  only  delicate 
ears  can  detect  them. 

The  monochord  is  an  instrument  well  adapted  to  exhibit  these  and  all  dther  phenomena  of  vibrating  strings. 
It  is  nothing  more  than  a  single  string  of  catgut  fixed  at  one  end  immovably,  and  at  the  other  strained  over  a 
well-defined  edge,  which  effectually  terminates  its  vibrations,  either  by  a  known  weight  or  by  screws.  A  similar 
well-defined  edge  is  also  interposed  between  its  fixed  end  and  the  vibrating  portion,  and  the  interval  between  the 
two  edges  is  graduated  into  aliquot  parts,  or  in  any  other  convenient  way,  and  it  is  provided  with  a  movable 
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mil.      bridge,  or  piece  of  wood  capable  of  beinp^  placet!  at  any  division  of  the  scale,  and  abuttinfl^  firmly  against  the     Puit  11 

^^^^'  sifmg  so  an  to  stop  its  vibralions»  and  divide  it  into  two  of  equal  or  unequal  lengths,  as  the  case  may  b*.  k^,,^^ 

By  the  aid  of  this  instmment  we  may  ascertain  the  number  of  vibrations  which  belonfrs  to  any  assig-ned  musical       ItiS. 

note,  or  which  correspond  to  the  notes  of  any  musical  in*itrument,  as  a  piano-forte,  Ate.     For  when  we  have  asccr-  Applied  to 

tained  the  weight  of  u  known  length  of  the  catgut,  of  which  the  string  is  formed,  and  the  weight  which  must  be  "^^  **J^^*   '^ 

applied  to  stretch  the  cord,  bo  as  to  make  it%  fundamental  tone  coincide  with  any  given  note»  (as  the  middle  C  ^^f^ given nute. 

a  piano-forte,)  then  by  the  formula  — y —  we  know  the  numt>er  of  complete  vibration*  going  and  returning,  and 

by  the  formula —  the  number  of  oscillations  from  rest  on  one  side  of  the  axis  to  re^st  on  the  other,  that 

Li 

is,  the  number  of  impulses  made  on  the  ear  per  second  corresponding  to  that  fundamental  tone.     To  determine 

the  same  for  any  note  xhat^er,  higher,  or  more  acute  than  the  fundamental  note,  we  have  only  to  apply  the 

bridge,  and  move  it  backwards  and  forwards  till  the  sound  of  the  vibrating  part  of  the  string  is  in  unimn  with  that 

of  the  note  to  be  compared,  of  which  the  ear  judges  with  the  greatest  precision ;  then  if  tJie  length  of  this  part, 

read  off  on  the  divided  scale,  be  called  h  the  number  of  its  vibrations  per  second  will   be  to  that  of  the  whole 

string  L  t ;  L  :  I,  and  is  therefore  known. 

The  production  of  harmonic  Sounds  from  cords,  and  their  division  into  aliquot  parts,  was  6rat  noticed,  in  1673, 
by  Wall  is,  (Opera  J.  Wallisii,  fol.  ii.  p.  466,  cap.  cvii.,)  but  the  subject  remained  unattended  to  till  taken  up  by 
Sauveur,  in  a  valuable  Memoir,  published  among  those  of  the  French  Academy  for  1701,  which  first  put  this  part 
of  the  doctrine  of  Acoustics  in  a  clear  point  of  view.  The  contact  of  a  solid  obstacle  is  not  the  only  means  of 
producing  them.  If  two  cords  equally  tended,  and  in  all  other  respects  similar,  but  one  only  half,  one  third,  or 
other  aliquot  part  of  the  length  of  the  other*  be  placed  side  by  side,  and  the  shorter  be  struck  or  sounded,  the 
vibration  will  be  communicated  to  the  longer  by  the  intervention  of  the  air,  which  will  thus  at  once  be  thrown  into 
a  mode  of  vibration,  in  which  the  whole  length  is  divided  into  ventral  segments,  each  equal  to  the  shorter  string. 
To  understand  how  this  may  happen,  let  us  conceive  first  two  strings  of  equal  length,  one  at  rest  the  other  vibrat- 
ing, and  let  them  be  placed  parallel,  and  side  by  side,  then  the  sonorous  pulses  diverging  at  any  instant  from  each 
point  of  the  moving  string,  will  arrive  at  once  at  each  corresponding  point  of  the  other.  The  aerial  molecules  in  their 
progress,  while  condensed,  will  press  on  the  string  and  give  it  a  very  slight  motion  in  their  own  direction  ;  in  their 
retreat  they  will  be  followed  by  the  string,  whose  vibrations  by  hypothesis  are  synchronous  with  their  own,  but  it 
will  not  follow  thein  so  fast  as  they  retreat,  and  it  will  be,  therefore,  urged  and  accelerated  by  those  behind.  It 
will,  however,  come  to  rest,  in  its  furthest  point  of  excursion,  at  the  same  lime  with  the  aerial  molecules,  when  its 
elasticity  will  begin  to  urge  and  accelerate  it  in  the  contrary  direction.  But  now  also  tlie  direction  of  the  motion 
of  the  air  has  changed,  and  again  conspiring  with  that  of  the  cord  still  continues  to  accelerate  it,  and  so  on,  till, 
after  a  very  great  number  of  repetitions  of  this  process,  the  cord  will  be  set  in  full  vibration  and  will  become 
itself  a  source  of  Sound.  But  its  Sound  will  always  be  much  fainter  than  that  of  the  original  vibrating  cord,  for 
this  reason,  vi£.  that  its  acquired  motion  is  perpetually  dissipated,  laterally ^  into  the  surrounding  air,  for  no  cord 
is  so  exactly  uniform,  or  so  equally  tended  in  every  part  of  its  transverse  section,  that  it  can  vibrate  rigorously  in 
one  plane.  Hence  it  will  inevitably  begin  to  rotate,  or  to  describe  vibrations  whose  plane  is  continually  shifting, 
(see  Art.  177,)  and  thus  it  will  throw  off  laterally  a  great  part  of  the  motion  it  receives  from  the  air;  just  as  a 
body  exposed  to  the  radiation  of  a  hot  fire  never  acquires  a  temperature  equal  to  that  of  the  fire,  part  of  the  heat 
communicated  being  dissipatefl  by  lateral  radiation. 

Just  as  a  small  pull,  repeated  exactly  in  the  time  of  its  natural  swing,  will  raise  a  great  bell,  or  a  trifling 
impulse  a  heavy  pendulum,  so  the  molecules  of  the  air,  in  a  state  of  sonorous  vibration,  will  impress  on  any  body 
eapable  of  vibrating  in  their  own  time  an  actual  vibratory  motion,  and  if  a  body  be  susceptible  of  a  number  of 
modes  of  vibration  performed  in  different  times,  that  mode  only  will  be  AicHed  which  is  synchronous  with  the  aerial 
pultations.  All  other  motions,  though  they  may  be  excited  for  a  moment  by  one  pulsation,  will  be  extinguished  by 
a  subsequent  one.  Hence,  if  two  cords  have  any  mode  of  vibration  in  common,  that  mode  may  be  excited  by 
sympathy  in  either  of  them  when  the  other  is  sounded,  and  that  only.  For  example,  if  the  length  of  one  cord  be 
to  that  of  the  other  as  2  :  3,  and  if  either  be  set  vibrating,  the  mode  of  vibration,  corresponding  to  a  division  of 
the  former  into  two,  and  of  the  latter  into  three  ventral  seg^ments,  will,  if  it  exist  in  the  one,  be  communicated  by 
sympathy  to  the  other.  Nay,  if  it  do  not  originally  exist,  it  will,  atler  a  while,  establish  itself;  for  all  accidental 
circumstances  which  may  favour  such  a  division  have  their  cflects^  however  minute^  continually  preserved  and 
accumulated,  till  at  length  they  become  sensible. 

In  the  vibrations  of  cords,  which  from  their  small  surface  can  receive  but  a  trifling  impulse  from  the  air,  the 
Sounds  and  motions  excited  by  this  sort  of  sympathetic  communication  are  feeble,  but  in  vibrating  bodies,  which 
present  a  large  surface,  they  become  very  great.  It  is  a  pretty  well  authenticated  feat  performed  by  persons  of 
clear  and  powerful  voice,  to  break  a  drinking-glass  by  singing  its  proper  fundamental  note  close  to  it,  (See 
Chladni,  Acomt,  §  224.)  Looking-glasses  also  are  said  to  have  been  occasionally  broken  by  music,  the  excur- 
sions of  their  molecules  in  the  vi bra' ions  into  which  they  are  thrown  being  so  great  as  to  strain  them  beyond 
the  limits  of  their  cohesion. 

The  coincidence  of  the  theory  above  stated,  of  the  propagation  of  a  wave  along  a  stretched  cord,  with  experi- 
ment, has  been  put  to  careful  trial  by  Weber.  (See  his  fftllenkhre  aitf  Erjierimente  Oegrundet,  8vo.  Lreipsig, 
1825,  p,  460,  a  most  instructive  work.)  He  stretched  a  very  e<]ual  and  flexible  cotton  thread,  51  feet  2  inches 
in  length,  weighing  864  grains,  horizontally,  by  a  known  weight.  The  thread  was  struck  at  6  inches  from  one 
end  at  the  instant  of  letting  go  a  stop-watch  of  peculiar  and  delicate  constructioni  marking  thirds,  (sixtieths  of 
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S.and.     seconds,)  whose  motion  was  instantaneously  arrested  when  the  wave  had  run  a  certain  number  of  times  over  th^    Fkrti 
^^^v"^^  length  of  the  string  backwards  and  forwards.    The  mean  of  a  great  many  observations,  agreeing  well  with  each  ^^v« 
other,  gave  as  follows : — 


Tension  in 
Grains. 

Length  run  over 
by  the  Wave. 

Time  of  its  de- 

scription  in 

Thirds. 

Time  of  running  over 
the  length  102  / 
4  m.   in    Thirds, 
by  observation. 

The  same  time  calcu- 
lated from  the  for- 

muUVs=V2yc. 

10023 
10023 
10023 
SS292 
69408 

102/ 4m. 
204     8 
409    4 
409     4 
409     4 

46 
92 
184 
99 
65 

'      46 
46 
46 

24-72 
16-25 

46-012 
46-012 
46-012 
25-246 
17-485 
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A  completer  coincidence  could  not  have  been  wished  for.  The  slight  discrepancies  may,  perhaps,  arise  firom  the. 
want  of  uniformity  in  the  tension  of  so  long  a  thread,  which  would,  of  course,,  form  a  catenary  of  sensible  curva- 
ture. We  should  observe,  however,  that  M.  Weber  has  reckoned  here  the  weight  (864  grains)  of  the  thread  as 
part  ol^  the  tension,  a  proceeding  whose  legitimacy  may  be  questioned. 

The  way  in  which  the  permanent  or  vibratory  oscillations  of  a  cord  arise  by  reflexion  at  its  fixed  extremities 
from  a  wave  propagated  along  it  progpressively,  may  be  rendered  a  matter  of  ocular  inspection  if  we  take  a  loQg 
and  pretty  thick  cord,  fasten  it  at  one  end,  and  holding  the  other  in  our  hands,  give  it  a  reg^ar  motion  to  and 
firo,  transverse  to  the  length  of  the  cord.  Progressive  waves  will  thus  arise,  which,  as  soon  as  they  reach  the' 
fixed  end,  and  are  reflect^,  will  be  observed  to  interfere  with  those  still  on  their  way,  and,  as  it  were,  to  arrest 
them,  producing  a  series  of  nodes  and  ventral  segments,  whose  number  will  depend  on  the  tension  and  firequency 
of  the  alternate  motion  communicated  to  the  movable  end.  In  this  arrangement  the  continual  periodic  renewal 
of  the  primary  impulse  by  the  hand  supplies  the  place  of  a  reflecting  obstacle  at  that  end. 

The  pitch  of  the  Sound  of  a  vibrating  string  depends  only  on  the  number  of  vibrations  made  dato  Umgore^  its 
quality  will  depend  partly  on  the  nature  of  the  string,  and  especially  on  its  equality  of  thickness,  besides  which,' 
much  may  depend  on  the  form  and  extent  of  the  wave  excited,  or  of  the  curve  into  which  it  is  thrown.  In 
instruments,  like  the  violin  or  violoncello,  played  with  a  bow,  or  the  guitar  or  harp,  where  the  string  ia  drawn 
softly  out  of  its  position  and  suddenly  let  go,  this  curve  is,  probably,  single,  and  occupies  the  whole  length  of  the' 
string  I  but  in  the  piano-forte,  where  the  strings  are  struck,  near  one  extremity,  with  a  sharp  sudden  blow,  there; 
can  be  little  doubt  that  the  vibration  consists  in  an  elevation  or  bulge,  more  or  less  extensive,  running  backwards 
and  forwards.  Fig.  12  represents  the  different  phases  of  a  single  complete  vibration  of  a  siring  so  struck.  Tbn' 
first  wave  (1)  is  a  single  elevation,  it  divides  in  (2)  into  two  running  contrary  ways  ;  in  (3)  that  nearest  the  end 
A  is  reflected  and  takes  a  reversed  position ;  in  (4)  they  advance  the  same  way  towards  B  ;  in  (5)  the  unreflected^ 
portion  reaches  B,  is  there  reflected  and  reversed,  as  in  (6).  In  (7)  it  meets  and  coincides  with  the  former  reflected 
portion,  there  forming  a  depression  equal  and  similar  to  the  original  elevation  in  (1),  and  as  far  distant  from  the 
end  B  as  the  former  from  A.  After  this  the  same  steps  are  repeated  in  the  reverse  direction,  till  the  original 
elevation  is  reproduced  again,  as  in  (1).  The  waves,  however,  must  be  supposed  to  bear  a  much  more  const-, 
derable  ratio  to  the  whole  string  than  in  the  figure.  It  is  evident  that  the  magnitude  of  this  ratio  must  influence 
the  quality  of  the  tone,  and  thus  a  difference  of  character  in  the  tone,  according  as  the  keys  are  struck  with  quick 
short  brilliant  blows,  or  gently  pressed,  and  the  duration  of  the  contact  of  the  hammers  with  the  strings  prolonged 
for  an  instant  of  time,  giving  rise  to  a  more  moderate  but  sustained  ienuto  effect,  by  bringing  a  lai^^  portion  of 
the  string,  or  even  the  whole  into  motion  at  once. 

But  whether  the  portion  disturbed  at  once  be  large  or  small,  whether  it  occupy  the  whole  string,  or  run  along  ft' 
like  a  bulge  in  its  line,  whether  it  be  a  single  curve,  or  composed  of  several  ventral  segments  with  intervening 
nodes,  we  must  never  lose  sight  of  the  fact  that  the  motion  of  a  string  with  fixed  ends  is  no  other  than  an  undnh* 
tion  or  pulse  continually  doubled  back  on  itself  taaid  retained  constantly  within  the  limits  of  the  cord,  instead  of 
running  out  both  ways  to  infinity. 

It  very  seldom  (for  the  reasons  mentioned  in  Art.  170)  can  happen  that  the  vibrations  of  a  string  actnaUy  lie  in 
one  plane.  Most  commonly  they  consist  of  rotations  more  or  less  complicated,  except  when  produced  by  the 
sawing  of  a  bow  across  the  string,  when  they  are  forcibly  limited  to  the  plane  of  motion  of  the  bow.  The  real 
form  of  the  orbit  described  by  any  molecule  may  be  made  matter  of  ocular  inspection,  by  letting  the  sun  shine 
through  a  narrow  slit  so  as  to  form  a  thin  sheet  of  light.  Let  a  polished  wire  be  placed  so  as  to  penetrate  this 
sheet  perpendicularly  to  its  plane,  and  the  point  where  it  cuts  the  plane  will,  at  rest,  be  seen  as  a  bright  speck,  hot 
when  set  vibrating  it  will  form  a  continued  luminous  orbit,  just  as  a  live  coal  whirled  round  appears  as  a  drde 
of  fire.     Fig.  IS  exhibits  specimens  of  such  orbits,  observed  by  Dr.  Young. 

A  very  curious  case  of  a  mode  of  vibration,  by  which  a  string  may  be  made  to  produce  a  Sound  graver  than 
its  fundamental  tone,  is  mentioned  by  M.  Biot.  If  an  obstacle  be  placed  below  the  middle  point  of  a* 
vibrating  string  so  as  just  to  touch,  but  not  to  press  against  it,  and  the  string  be  then  drawn  up  vertically  and 
let  go,  it  will  strike  at  every  oscillation  upon  this  obstacle,  and  bend  over  it,  as  in  fig.  14,  at  every  blow ;  thus 
resolving  itself  into  two,  of  half  the  length.    Thus  the  first  semi-oscillation  will  be  perfonned  as  a  whole,  thtf 


U  N  D. 


nd.      next  as  a  subdivided  string.     Let  unity  represent  the  time  of  one  complete  oscillation  from  rest  to  rc»t  of  the 
^-•fc<  whole  string ;   then  will  the  times  in  which  the  different  phases  of  the  motion  now  in  question  are  performed 
be  as  follows  : 

From  the  position  A  B  C  to  the  straig-ht  line  A  C. . . .  s  J, 

From  the  position  A  C  to  the  position  A  E  D,  D  F  C  =  J* 

Back  to  the  straight  line    ,  * •   . ,  *  ^  i* 

Back  to  the  original  position  ADC,.,,,.... =  J. 

Sun,  =  J  +  i  +  i  +  J  =  f 

Thus  the  interval  between  two  consecutive  blows  made  by  the  string  on  the  bridge  is  ^  of  the  time  of  oscillation 
of  the  string  as  a  whole,  from  rest  on  one  side  of  the  uxis  to  rest  on  the  other*  or  of  the  impulses  made  by  it  on 
tlie  ear  when  so  vibrating.  Hence,  the  blows  on  the  bridge  will  be  heard  as  a  continued  note*  (though  extremely 
harsh  and  dit^agreeablej  graver  ihan  that  of  the  string  vibrating  as  a  whole,  by  the  musical  interval  called  a 
fiflh.     (See  Index,  Mudcal  lntt:rcaU.) 

§  III.     Of  the  Fibraihm  of  a  Column  of  Air  of  DefiniU  Length. 

The  general  equation  representing  the  motions  of  the  molecules  of  a  tended  cord  of  indefinite  length  is,  as 
we  have  seen*  precisely  similar  in  its  form,  and  in  that  of  its  complete  integral,  to  that  of  the  particles  of  air  in  a 
sounding  column.  There  subsists,  of  course,  a  perfect  analogy  between  the  two  cases*  and,  mutatis  mutandUt  all 
propositions  which  are  true  of  a  vibrating  cord  are  also  true  of  a  vibrating  cylindrical  volume  of  air 

Thus,  if  such  a  cylindrical  column  be  enclosed  in  a  pipe,  whose  length  ^  f  +  f  =  L,  stopped  at  both  ends  by 
perfectly  immovable  stoppers,  and  if  we  suppose  any  single  impulse  communicated  to  one  of  its  sections  at  the 
distance  l  from  one  of  its  extremities  (A),  tliis  will  immediately  divide  itself  into  two  pulses  running  opposite 
ways ;  they  will  be  totally  reflected  at  the  two  extremities*  the  one*  after  describing  the  space  I  before  and  l*  after 
reflexion,  will  meet  the  other  which  has  described  V  before  and  /  after  reflexion*  at  a  distance  :=  /  from  the  other 
extremity  B,  and  produce  a  compound  agitation  in  the  section  at  that  place  similar  to  the  primitive  disturbance; 
ihence  the  partial  pulses  will  again  diverge,  and  after  each  undergoing  another  reflexion  will  again  unite  in  their 
original  point  of  departure*  constituting  a  repetition  of  the  first  impulse,  and  so  on,  till  the  motion  is  destroyed 
by  friction  and  by  the  imperfect  fixity  and  rigidity  of  the  stoppers*  allowing  some  of  it  to  pass  into  tliera  and  be 
lost  at  each  reflexion. 

But  if  the  section  first  set  In  motion  be  maintained  in  a  state  of  vibration  synchronous  with  the  return  of  the 
reflected  pulse,  it  will  unite  with  and  reinforce  it  at  every  return,  and  the  result  will  be  a  clear  and  strong  musical 
Sound  resulting  from  the  exact  combination  of  the  original  periodic  impulse  with  all  its  echos.  This  will  be 
transmitted  through  the  pipe  to  the  outer  air,  and  thus  dissipated  and  lost. 

For  simplicity,  let  us  suppose  the  section  primitively  set  in  vibration  and  so  maintained,  to  be  situated  just  in 
the  middle  of  the  pipe.  Then*  when  once  the  regular  periodic  pulsation  of  the  contained  air  is  established,  it  ia 
evident  that  the  motion  of  the  column  will  consist  of  a  constant  and  regular  fluctuation  to  and  Iro  within  the  pipe 
of  the  whole  mass,  the  air  being  always  condensed  in  one  half  of  the  pipe  while  it  is  rarefied  in  the  other.  The 
greatest  excursions  from  their  place  will  be  made  by  the  molecules  in  the  middle,  while  those  at  the  extremities, 
being  constantly  abutted  against  the  stoppers,  remain  unmoved,  and  the  excursions  made  by  each  intermediate 
molecule  will  be  greater  the  nearer  it  is  to  the  middle.  On  the  other  hand,  the  rarefactions  and  condensations 
are  greatest  at  the  extremities,  and  diminish  as  we  approach  the  middle  of  the  pipe*  where  there  is  neither  conden- 
sation nor  rarefaction.  The  analog^'  of  this  ease  with  the  case  of  the  vibrating  cord  will  be  evident  if  we  consider 
that  the  condensation  in  the  former  is  represented  by  the  angle  of  inclination  of  the  vibrating  curve  to  its  abscissa 
in  the  latter,  and  that  the  mode  of  vibration  now  contemplated  in  the  aerial  molecules  is  analogous  to  that  of  a 
cord  vibrating  as  a  whole,  and  having  its  two  halves  symmetrical. 

In  the  same  way  as  a  vibrating  cord  is  susceptible  of  division  into  its  several  aliquot  parts  all  vibrating  simul- 
taneously, so  may  the  aerial  column  in  our  stopped  pipe  vibrate  in  distinct  ventral  segments.  The  manner  in 
which  this  may  take  place  will  be  evident  on  inspection  of  figs*  15  and  16,  where  the  arrows  denote  the  directions  of 
the  motions  of  the  vibrating  molecules,  and  where  we  see  the  immobility  of  the  nodal  sections  is  secured  by  the 
equal  and  opposite  pressures  of  the  molecules  on  either  side  of  them.  At  these  nodal  sections,  too,  the  same 
thing  holds  good  as  at  the  stopped  extremities,  their  molecules  remain  constantly  at  rest  white  yet  they  undergo 
greater  vicissitudes  of  compression  and  dilatation  tliau  those  in  any  other  parts  of  the  column. 

Precisely,  too,  as  in  the  vibrations  of  strings*  any  number  of  these  modes  of  vibration  may  go  on  simultaneously. 
Such  combined  modes  may  be  produced  by  an  expert  flute  player,  by  a  nice  adjustment  of  the  force  of  his  breath ; 
at  least  the  octave  of  any  note  may  be  obtained  without  difficulty,  and  distinctly  heard  with  the  fundamental  tone. 

Half  way  between  two  nodes  (regarding  the  stopped  ends  as  nodes)  the  condensations  and  rarefactions  are 
evanescent,  and  the  amplitudes  of  the  molecular  excursions  are  at  a  maximum.  Now  at  such  a  point  let  us 
conceive  a  narrow  ring  of  the  cylindrical  pipe  in  which  the  vibrating  column  is  contained  to  be  cut  away,  so  as  to 
open  a  free  communication  with  the  outer  air-  Tliere  will  be  no  tendency  for  air  to  pass  in  or  out*  because  the 
air  within  is  constantly,  at  these  points,  in  its  natural  state  as  to  density;  neither  will  its  motion  be  impeded, 
being  parallel  to  the  axis  of  the  column  and  without  any  lateral  bias.  The  detachment  then  of  such  a  ring  will 
BO  way  alter  the  vibrations  of  the  column,  nor,  a  fortiori,  will  the  opening  of  a  hole  in  the  pipe  at  this  place  affect 
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Sound,      them.     Suppose,  now,  at  this  hole,  a  Yibrating  body  placed,  whose  vibrations  are  executed  in  equal  times  with 

^"^^v"^^  those  in  which  the  excursions  to  and  fro  of  the  included  aerial  sections  are  performed  in  the  stopped  pipe.     They 

will  be  communicated  to  them,  and  thus  the  Sound  of  the  pipe  will  be  excited  and  maintained.   Sudi  an  aperture 

is  called  an  embouchure. 

185.  But  let  us  now  conceive  the  one  half  (A)  of  the  pipe  entirely  removed,  and  in  its  place  a  disc  substituted  exactly 

Case  where  closing  the  aperture,  and  maintained,  by  some  external  cause,  constantly  in  a  state  of  vibration,  such,  that  the 

the  vibra-     performance  of  one  complete  vibration,  going  and  returning,  shall  exactly  occupy  as  much  time  as  a  sonorous 

cUed*by  a*'  P^^®®  would  take  to  traverse  the  whole  lengrth  of  the  stopped  pipe  (A  +  B),  or  double  that  of  the  open  one  (B). 

vibrating      Its  first  impulse  on  the  air  will  be  propagated  along  the  pipe  (B)  and  reflected  at  the  stopped  end,  and  will  again 

disc.  reach  the  disc  just  at  the  moment  when  the  latter  is  commencing  its  second  impulse.     But  the  absolute  velocity 

of  the  disc  in  its  vibrations  being  excessively  minute  compared  with  that  or  Sound,  the  reflected  pulse  will 

undergo  a  second  reflexion  at  the  disc  as  if  it  were  a  ftxed  stopper.     It  will,  therefore,  in  its  return  exactly 

coincide  and  conspire  with  the  second  original  impulse  of  the  disc,  and  the  same  process  being  repeated  on  every 

impulse,  each  will  be  combined  with  all  its  echos,  and  a  musical  tone  will  be  drawn  forth  from  the  pipe  vastly 

superior  to  that  which  the  disc  vibrating  alone  in  free  air  would  produce.     This  is,  in  fact,  the  simplest  instance 

of  the  r&tonance  of  a  cavity,  of  which  more  hereafter.    (See  Index,  Resonance,)     Now,  it  is  manifestly  of  no 

importance  whether  the  pulses  reflected  from  the  closed  end  of  the  pipe  (B)  undergo  a  second  reflexion  at  the  disc, 

and  are  so  returned  back  by  the  pipe,  or  whether  we  regard  the  disc  as  penetrable  by  the  pulse,  (i.  e.  a  mere 

imaginary  vibrating  section,)  and  suppose  the  pulse  to  run  on  and  be  reflected  at  the  extremity  of  the  other  half 

(A)  of  the  bisected  pipe  (A  --f-  B),  and  on  its  return  again  to  pass  freely  through  the  disc  and  be  again  reflected 

at  the  stopped  extremity  of  (B).    The  Sounds  produced  will  be  the  same,  on  tfie  principle  of  the  superposition  of 

vibrations.    Thus  we  see  that  the  fundamental  Sound  of  a  pipe  open  at  one  end  is  the  same  with  thai  of  a  pipe 

closed  at  both  ends,  and  of  double  the  length. 

The  mode  here  supposed  of  exciting  and  maintaining  the  vibrations  of  a  column  of  air  in  a  pipe  is  easily  put  in 
practice.  Let  any  one  take  a  common  tuning-fork  and  on  one  of  its  branches  fiisten  with  sealing-wax  a  curcular 
disc  of  card  of  the  size  of  a  small  wafer,  or  sufficient  nearly  to  cover  the  aperture  of  a  pipe.  The  sliding  joint  of 
the  upper  end  of  a  flute,  with  the  mouth-hole  stopped,  is  very  fit  for  the  purpose ;  it  maybe  tuned  in  unison  with 
the  loaded  tuning-fork  (a  C  fork)  by  means  of  the  movable  stopper,  or  the  fork  may  be  loaded  till  the  uniton  is 
perfect.  If  the  fork  be  then  set  in  vibration  by  a  blow  on  the  unloaded  branch,  and  the  disc  be  held  close  over 
the  mouth  of  the  pipe,  as  in  fig.  16,.  a  note  of  surprising  clearness  and  strength  will  be  heard.  Indeed*  a  flute 
may  be  made  to  ** speak"  perfectly  well  by  holding  close  to  the  embouchure  a  vibrating  tuning-fork  while  the 
fingering  proper  to  the  note  of  the  fbrk  is  at  the  same  time  performed.  We  shall  have  further  occasion  to  refer 
to  this  point.  (Resonance^  Index.) 

But  the  most  usual  means  of  exciting  the  vibrations  of  a  column  of  air  in  a  pipe  is  by  blowing  into,  or  rather 

over  it,  either  at  its  open  end  or  at  an  orifice  made  for  the  purpose  at  the  side,  or  by  introdacmg  a  small 

current  of  air  into  it  through  an  aperture  of  a  peculiar  construction  called  a  reed,  provided  with  a  "  tongue* 

or  flexible  elastic  plate  which  nearly  stops  the  aperture,  and  which  is  alternately  forced  away  by  the  current  of 

air  and  returns  by  its  elasticity,  thus  producing  a  continual  and  regularly  periodic  series  of  interruptions  to  the 

uniformity  of  the  stream,  and,  of  course,  a  Sound  in  the  pipe  corresponding  to  their  frequency*    Except,  however, 

the  reed  be  so  constructed  as  to  be  capable  of  vibrating  in  unison,  or  nearly  so,  with,  at  least,  one  of  the  modes 

of  vibration  of  the  column  of  air  in  the  pipe,  the  Sound  of  the  reed  only  will  be  heard,  the  resonance  of  the 

pipe  will  not  be  called  into  play,  and  the  pipe  will  not  speak;  or  will  speak  but  fbebly  and  imperfectly,  and  yield 

a  false  tone. 

188.  But  of  reeds  more  hereafter ;  (see  Index,  Reeds  ;)  at  present  let  us  consider  what  takes  place  when  the  vibratioDS 

ExcitenMDt  of  a  column  of  air  are  excited  by  blowing  over  the  open  end  of  a  pipe  or  an  aperture  in  its  side.     To  do  it  efiec- 

of  vibrations  tually  the  air  must  be  directed  in  a  small  current,  not  into,  but  across  the  aperture,  as  in  fig.  18,  so  as  to  gra» 

^l  r^an  on-  ^®  opposite  edge.     By  this  means  a  small  portion  will   be   caught  and  turned  askie  down  the  pipe,  thos 


Pkrt 


186. 

How  pcr- 
furmed  in 
practice. 


Fig.  16. 


187. 

Action  of  a 
reed. 


fice. 
Fig.  la 


giving  a  first  impulse  to  the  contained  air  and  propagating  down  it  a  pulse  in  which  the  air  is  slightly  condensed. 
This  will  be  reflected  at  the  end  as  an  echo,  and  return  to  the  aperture  where  the  condensation  goes  off  the 
section  condensed  expanding  into  the  free  atmosphere.  But  in  so  doing,  it  lifts  up,  as  it  were,  and  for  a 
moment  diverts  from  its  course  the  impinging  current,  and  thus,  while  it  passes,  suspends  its  impulse  on  the  edge 
of  the  aperture.  The  moment  it  has  escaped  the  current  resumes  its  former  course,  again  touches  the  edge  of 
the  aperture,  creates  there  a  condensation,  and  propagates  downwards  anoUier  condensed  pulse,  and  so  on.  Thva 
the  current  passing  over  the  aperture  is  kept  in  a  constant  ^(tate  o^  fluttering  agitation,  alternately  grazing  and 
passing  free  of  its  edge,  at  regular  intervals,  equal  to  those  in  which  a  sonorous  pulse  can  run  over  twice  the 
length  of  the  pipe ;  or,  more  generally,  in  which  the  condensations  and  rarefactions  recur  at  its  aperture  in  virtue 
of  any  of  the  modes  of  vibration  of  which  the  column  of  air  in  the  pipe  is  susceptible. 

In  genera],  wherever  there  is  a  communication  opened  between  the  column  of  air  in  a  pipe  and  the  free  atnio« 
sphere,  that  point  will  become  a  point  of  maximum  excursion  of  the  vibrating  molecules,  or  the  middle  of  a 
ventral  segment.  In  such  a  point  the  rarefactions  and  condensations  vanish,  the  air  reducing  itself  constantly 
to  an  equilibrium  of  pressure  with  the  free  atmosphere  with  which  it  is  in  contact.  Hence,  if  the  pipe  speak  at 
all,  it  will  take  such  a  mode  of  vibration  as  to  satisfy  this  condition,  but,  consistently  with  this,  it  may  divide 
itself  into  any  number  of  ventral  segments.  But  here  there  is  a  point  of  practical  difference  b^ween  the  afiectioat 
-"trotclTd  ^^^  vibrating  aerial  column  and  those  of  a  tended  cord.  The  tension  of  the  cord  can  only  be  maintained  steadily 
cord.  ^^  practice,  by  fixing  its  two  ends ;  so  that  the  case  of  one  extremity  fixed,  the  other  firee,  can  have  no  eiistenoe 

but  in  imagination,  where  the  cord  may  be  conceived  as  of  indefinite  length  in  one  direction,  so  that  the  out- 
"unning  pulses  may  lose  themselves,  or,  at  least,  never  return.     It  is  true  they  might  be  stifled  by  wrapping  one 


189. 

Practical 
difTereuce 
between  n 
brations  of 
air  in  an 
open  pipe 


SOUND.  787 

iind.     end  of  a  very  long  cord  in  cotton,  but  whether,  under  such  circumstances,  any  mode  of  producing  and  maTntaining     ^*^  H. 

v"^^  an  initial  periodical  impulse  sufficiently  regular  to  produce  musical  Sounds  could  be  found  remains   to  be  ^^^^"^ 
tried.     The  nearest  approach  to  the  case  in  question  is  when  one  end  of  a  long  cord  is  held  in  the  hand  and 
agitated  while  the  tension  is  maintained,  as  in  Art.  173. . 

In  cords  with  fixed  extremities,  however,  all  the  ventral  segments  must,  of  necessity,  be  complete,  no  half     190. 
segments  can  exist.     In  pipes  it  is  otherwise.     The  air  in  a  pipe  closed  at  one  end  vibrates  as  a  half,  not  thel*'"?"*"^ 
whole  of  such  a  segment.     It  is  owing  to  this  that  a  pipe  open  at  both  ends  can  yield,  if  properly  excited,  a^?^°^ 
musical  Sound.     The  column  of  air  in  it  vibrates  in  the  mode  represented  in  fig.  19,  where  there  is  a  node  in  the  pjp^  open"- 
middle  and  each  ventral  segment  is  only  half  a  complete  one.     In  general  it  is  easy  to  represent,  in  an  algebraic  at  both  ends, 
formula,  the  time  of  vibration,  or  the  number  of  vibrations  per  second  corresponding  to  any  mode  of  vibration.  I'ig- 15» 
For,  first  in  a  pipe  open  at  both  ends  let  the  number  of  nodes  be  n,  then  there  will  be  n  —  I  complete  ventral 
segments  between  them,  as  in  fig.  20,  and  a  moiety  of  one  at  each  end.     If,  then,  we  call  L  the  whole  length  of  P*'g»  20. 
such  a  pipe  in  feet,  V  the  velocity  of  Sound  in  feet  per  second,  the  length  of  one  complete  ventral  segment  will 

be  —  .     This  length  is  traversed  by  a  sonorous  pulse  in  a  time  —  •  y  »  ^"^  this  is  the  time  of  vibration  of  the 

middle  section  of  it  to  which  the  Sound  corresponds.     The  pipe,  then,  vibrating  according  to  this  mode,  will 

V 

yield  a  Sound  whose  pitch  is  that  of  a  cord  making  n  .  •—  vibrations  per  second ;  and  the  series  of  tones  it  can 

Li 

produce  is  expressed  by  the  following  series  of  numbers  of  vibrations, 

V  V  V 

^•L'        ^T'         3.-,&c. 

In  the  case  of  a  pipe  closed  at  one  end,  the  stopped  end  must  be  regarded  as  a  node.  (Fig.  21.)  Calling  the  191, 
whole  number  of  nodes,  thus  included,  n,  the  number  of  complete  ventral  segments  will  be  ti  —  1,  and  one  half  In  pipes 

L                             L  closcdai 

segment  will  terminate  at  the  open  end.     Therefore  -rr-; ^    .    ,   ,    or  •- — ,  will  be  the  number  of  2?*  ™ 

®  ^  2  (u  —  1)4-1  2n-l-l  Pig.  21. 

2L 

fluch  halves  contained  in  the  length  L,  and -—  will,  therefore,  be  the  length  of  each  complete  one ;  so 

Z  II  -j-  1 

that  each  will  make —   .  -=:-  vibrations  in  one  second,  and  thus  the  series  of  tones  such  a  pipe  can  yield 

will  be  expressed  by  the  series  of  vibrations, 

IV  3        V  5        V 

2  •   "L'         2  •   IT'         2   •    L"*'' 

Lastly,  the  number  of  nodes,  including  the  two  stopped  ends  of  a  pipe  closed  at  both  ends,  being  n,  the      192. 
number  of  segments  (all  complete)  into  which  it  will  be  divided  will  be  n  —  1,  and  the  length  of  each  will  be  In  pipes 
I  T  closed  at 

■  ■■  .  -rr-  ;   80  diat  the  series  of  Sounds,  of  which  such  a  pipe  is  susceptible,  is  represented  by  the  series  ^^^  *°^ 

71  —  I  V 

of  vibrations, 

V  V  V 

^•r^         ^IT^        3.-,&c. 

Taking,  therefore,  unity  for  the  number  of  vibrations  per  second  in  the  fundamental  tone,  the  series  of  harmonics 
will  run  as  follows : 

In  a  pipe  stopped  at  both  ends 1,  2,  3,  4,  5,  &c 

— —  open  at  both  ends 1,  2,  3,  4,  5,  &c. 

'■    '   '■  stopped  at  one  end,  open  at  the  other. ...    1,  3,  5,  7,  9,  &c. 

It  being  recollected,  however,  that  in  the  last  series  the  fundamental  note  1  is  an  octave  lower  than  in  the  others, 
t.  e,  peribrms  its  vibrations  only  half  as  rapidly. 

.   To  produce  these  Sounds  by  blowing  into  a  pipe,  it  is  only  requisite  to  begin  with  as  gentle  a  blast  as  will      193, 
make  the  pipe  speak,  and  to  augment  its  force  gradually.     The  fundamental  tone  will  be  heard  first ;  and  as  Meihod  o.' 
the  strength  of  the  blast  increases,  will  grow  louder,  till  at  length  the  tone  all  at  once  starts  up  an  octave,  t.  e,  exciting 
the  interval  between  notes  whose  vibrations  are  as  1  :  2.     By  blowing  still  harder,  the  next  harmonic,  1  :  3,  or  ^^^^  ^'^* 
as  it  is  called  in  Music,  the  octave  of  the  fifth,  or  the  twelfth  of  the  fimdamental  tone,  is  heard  ;  but  no  adap-  J[^^  ^^r 
tation  of  the  embouchure,  or  force  of  the  wind,  will  produce  any  note  intermediate  between  these.     The  next  vibration, 
harmonic  is  1  :  4,  and  corresponds  to  the  double  octave,  ox  fifteenth  of  the  fundamental  tone;  and  the  next,  or 
1  :  5,  to  the  seventeenth^  or  major  third  above  the  double  octave.     (See  the  explanation  o^  these  terms  in 
Art.  210,  f<  seq,)     The  next,  1  :  6,  corresponds  to  the  nineteenth^  or  double  octave  of  the  fifth,  and  so  on.     All  the  Series  of 
notes  here  enumerated  are  very  readily  produced  on  the  flute,  without  changing  the  fingering,  from  the  lower  C  harmonic 
or  D  upwards,  by  merely  varying  the  force  of  the  blast,  and  a  little  humouring  the  form  of  the  lips  and  their  ^?°^^  ^'  * 
position  with  respect  to  the  embouchure.     The  reader  may  consult  on  this  subject  D.  Bemouilli,  8ur  le  Son  el  "^^^^  ^' 
9ur  ka  Tons  da  Tuyaux  dOrgue$t  Mkm.  Acad.  Pariit  1762  ;  in  which  the  true  theory  of  wind-instruments  is 
VOL.  IT,  5  k 
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Bwwi*  first  clcttrly  itated,  tbougb  pointed  out  by  SatiTciir,  m  a  Paper  publnlwd  ia  tfie  Mem.  de  VAoad.  1701.  Abo  a  UntE 
^1  v^^  yery  instructive  Paper  by  Lambert*  Obmrvaiunui mr  iet  Fi4tte$^  Mhm.  Aead.  Berl.  1775.  (Sea  abo  Eoler,  Be  ' 
Moiu  Aerii  in  Tu^  Pdrop.  Comm,  xvi.  and  Lagrange's  Memoirs  already  dted,  MiL  de  Turwh  i*  and  iL) 
M.  Blot,  by  adapting  an  organ  bellows  to  regulate  the  blast,  and  give  it  tiie  reqoisite  force  and  vniibnDi^ 
tucceeded  in  drawing  from  a  pipe  fiimisbed  with  a  proper  enboochnre,  not  only  these,  but  also  the  notes 
represented  in  the  harmonic  series  by  7,  8,  11,  and  13,  hot  not  9  or  10,  (the  icason  of  which  Taeaney  doeo  vol 
appear.)   TraUi  de  Phynque^  ii«  126. 

194.  'p^  rationale  of  the  continual  subdiTision  of  the  yibraiing  colooni,  as  ttie  force  %]X  the  blast  ineieaoo^  Is  mvj 
Se^Mtionof  o^^^^^B*  -^  quick  sharp  cnrvent  of  afar  is  not  so  easily  driyen  aside  by  an  extemd  distnrbing  foroe ;  and  wtien 
(he  em'^-  SO  driven,  returns  more  rapidly  to  its  original  oourse,  than  a  slow  and  feeble  one.  A  qaick  stream,  when  thrown 
chure  ia  ex-  Into  a  ripple  by  an  obsiade,  undulates  more  rapidly  than  a  slow  one.  Consequently,  on  increasing  the  force  of 
citiDf  bur-  the  blast,  a  period  will  arrive  when  the  current  cannot  be  diverted  from  its  course  and  return  to  h  so  dmbif  as  is 
"^"'^  required  for  the  production  of  the  fundamental  note.  The  next  higher  harmonic  will  then  be  excited,  until,  the 
'^"^    '        force  of  the  blast  increasing,  it  becomes  once  more  incapable  of  sympathizing  with  the  excursions  of  the  aerial 

molecules  at  the  embouchure  in  this  mode  of  vibration,  and  so  on. 

195.  If  we  know  the  velocity  of  Sound  in  the  column  of  air  included  in  a  pipe,  the  length  of  the  pipe,  and  the 
Velocity  of  tnode  of  vibration,  the  number  of  vibrations  may  be  computed,  and  vice  vend^  if  we  know  the  number  of  vibrations 
^x^A^A  T^'  ^^^^  '"  ^  given  pipe,  vibrating  in  a  known  manner,  we  may  thence  compute  the  velocity  of  Sound.  This 
the  note  ^  furnishes  a  ready  and  simple  method  of  determining  the  velocity  of  Sound  in  any  g^s  or  vapour.  We  have  only 
sounded  by  to  fill  a  pipe  first  with  air,  and  then  with  the  gas  or  vapour  in  question ;  and  having  set  them  vibrating  by  any 
agivenpipe.  proper  means,  so  as  to  draw  forth  their  fundamental  tone,  to  compare  this  with  a  monochord,  or  with  any 
Velocity  of  musical  instrument  possessing  a  regular  scale  or  progression  of  notes  where  vibrations  are  known ;  and  having 
ffMesthence  ^^"^  ascertained  the  number  of  vibrations  per  second  performed  by  a  column  of  each  medium,  the  velocities  of 
deduced.      Sound  in  the  respective  cases  will  be  in  the  direct  ratio  of  their  numbers.     It  is  thus  that  Chladni,  and,  more 

lately,  Vanrees,  Frameyer,  and  Moll  have  ascertained  the  velocities  of  Sound  in  the  various  media  enumerated 

in  Art  82. 
195.  That  it  is  really  the  air  which  is  the  sounding  body  in  a  flute,  organ-pipe,  or  other  mnd-instmnient,  appears 

The  columa  from  the  fact,  that  the  nuiterials,  thickness,  or  other  peculiarities  of  the  pipe,  are  of  no  consequence.  A  pipe  of 
of  air,  not  p^^^j^  and  one  of  lead,  glass,  or  wood,  provided  the  dimensions  be  the  same,  produce,  under  similar  circum- 
the  sonnd-  •**'*ces,  exactly  the  same  tone  as  to  pitch.  If  further  proof  were  necessary,  the  difference  of  pitch  produced  by 
inif  body,     filling  the  pipe  with  different  gases  would  place  the  point  beyond  a  doubt.     If  the  qualUia  of  the  tones  produced 

by  different  pipes  differ,  this  is  to  be  attributed  to  the  friction  of  the  abr  within  them,  setting  in  feeble  vibration 

their  own  proper  materials. 

1 97.  The  influence  of  the  size  and  situation  of  the  embouchure  of  a  pipe,  md  still  more  of  the  manner  of  esdting 
^r^oT**^^  the  vibrations  of  the  sections  of  the  aerial  column  near  that  place,  are  very  material  in  determining  the  pitch  of 
boQchurrof  ^^®  ^^"^  uttered.  Were  it  possible  to  excite  the  aerial  column  to  vibration  by  setting  in  motion  a  single  section 
a  pipe  on  iu  of  it  by  a  wish,  we  should  obtain,  doubtless.  Sounds  always  strictly  conformable  to  the  length  of  the  pipe  and 
pitch.          its  harmonic  subdivisions  as  above ;   but,  in  fact,  the  vibrating  column  of  air  and  the  extraneous  body  (be  it 

reed,  tuning-fork,  or  stream  of  air)  which  sets  it  in  motion  exercise  on  each  other  a  mutual  influence ;  they  Tthfate 
as  a  system,  (see  Index,  VibreUions  of  a  System  of  Bodies,)  and  the  resulting  tone  may  be  made  to  deviate  more 
or  less  from  the  pure  fundamental  tone  of  the  pipe,  according  to  the  greater  or  less  mass  of  natter,  and  tbe  fixity 
of  the  vibrations  of  the  apparatus  by  which  the  pipe  is  made  to  speak.  When,  for  example,  the  cause  of  vibration 
is  the  mere  passage  of  a  stream  of  air  over  the  orifice,  whose  motions  are  almost  entirely  commanded  by  the 
condensations  and  rarefactions  within  the  pipe,  (Art.  194,)  but  little  deviation  can  take  place.  Yet,  by  varying 
the  inclination  of  the  stream,  (as  in  the  case  of  the  flute  by  turning  the  mouUi-hole  more  inwards  or  outwards 
with  respect  to  the  lips,)  and  thus  giving  it  a  greater  or  less  obliquity  to  the  edge  against  which  it  strikes,  we 
may  alter  the  note  very  sensibly,  as  is  known  to  all  flute-players,  who  use  this  means  of  humouring  the  instru- 
ment, and  playing  in  tune  in  keys  which  would  otherwise  be  insupportable. 

198.  In  the  diapason  organ-pipe,  whether  open  or  stopped,  a  stream  of  air  is  admitted  at  the  vertex  of  the  conical 
Diapason  lower  end,  but  is  prevented  from  pasmng  through  the  whole  length  of  the  pipe  by  a  plate  of  metal  separating  the 
organ-pipe,    ^one  from  the  pipe,  and  is  forced  to  escape  through  a  narrow  slit  transverse  to  the  axis  of  the  pipe,  in  doing 

which  it  strikes  against  the  edge  of  a  thin  piece  of  lead,  or  other  flexible  metal.     This  disposition  will  be 

Pig-  22.        understood  by  inspection  of  the  figure  22,  in  which  B  B  is  the  organ-pipe >  and  6c  &  the  conical  appendage  at  its 

foot  by  which  the  air  is  admitted.     One  side  of  the  pipe  B  L  M  is  flattened  and  a  little  bent  inwards,  and  at  L 

a  narrow  slit  is  made,  just  opposite  to  the  lower  edge  of  which  is  the  plate  of  metal  6  6,  which  has  its  edge 

nearest  the  oriflce  a  litle  cut  away,  so  as  not  quite  to  All  the  whole  section  of  the  pipe,  but  to  leave  a  n8rro# 

slit  parallel  to  the  slit  FF  in  the  side  of  the  pipe.     Through  this  the  air  admitted  at  c  escapes,  and  in  Erected 

in  a  thin  sheet  against  the  upper  lip  L  of  the  lateral  slit ;  against  which  it  breaks,  as  described  in  Art  188,  and 

Its  harmo-    sets  in  vibration  the  column  of  air  contained  in  the  pipe.     If  the  stream  of  air  be  too  strong  the  pipe  vrill  yield 

nica.  ^Q  octave  and  harmonic  of  its  fundamental  note,  forming  the  series  1,  2,  3,  4,  hjc.     If,  on  the  other  hand,  the 

current  of  air  remaining  constant,  the  breadth  of  the  slit  through  which  the  air  escapes  be  diminished,  according 

to  the  experiments  of  MM.  Biot  and  Hamel,  harmonics  will  a^o  be  produced,  but  in  the  progression  1 ,  3,  5,  ^ 

&c.  the  octaves  of  the  fundamental  tone  and  of  all  the  others  being  entirely  wanting. 

199.  In  reed-pipes,  or  those  in  which  the  vibrations  are  excited  and  maintained  by  passing  a  cnrrent  of  air  into 
Re«d-pipM.  the  pipe  through  a  reed,  (Art.  187,)  the  influence  of  the  reed  on  the  pipe  is  very  great     The  most  perfirct  and 

pure  tone  is  produced,  of  course,  when  the  reed  and  the  pipe  separately  are  pitched  in  nntson,  but  a  considerable 
latitude  in  this  respect  exists ;   and  within  certain  limits,  depending  on  the  mass  and  stiflfiiess  of  Uie  reed,  as 
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kwiKl.      compared  with  the  dimensions  of  the  pipe,  a  power  of  mutual  a^commodaiioti  subsi^iU,  and  a  mean  tone  h  pro- 

•v*^^'  ducedf  less  powerful  and  less  pure  and  pleasin»-,  however,  as  the  pipe  is  more  forced  from  its  natural  pitch,  until   ^"^^"^^^ 
it  ceases  to  sound  alto^elher^  and  the  note  produced*  if  any,  is  that  of  the  reed  alone.     In  tfiis  respeft  there  is,  ^^**<"*l 
however,  a  g;reat  difference  in  pipes  of  different  sizes.     In  large  orpfnn-pipcs  the  reed  vibrates  with   nearly  the  II!  "J^*?*    a 
same  freedom  as  in  tlie  o|>en  air,  and  will,  therefore,  ipeak  when  the  pipe  has  ceased  to  resound ;    but  in  small  ptp^ 
ajid  narrow  pipes^  as  in  ohoen,  and  other  similar  wind-instrutnents,  a  much  closer  correspondence  bctweeu  the 
pitches  of  the  reed  and   pipe  is  required »  or  the  reed  will  not  vibrate,     Messrs*  Biot  and   Ham  el   adapted  to  b  ^'g*  23. 
glass  pipe  a  reed  of  the  ordinary  construction  represented  in  fi^.  23.  in  which  the  vibrating  tong'ue  L  (by  whose  9**"*^J"*^" 
oscillalions  the  opening'  of  the  reed  at  R  is  alternately  opened  and  closed)  coutd  be  lengthened  or  shortened  at  ^^^ 
pleasure  by  thrusting  iu  or  withdrawiriif  a  wire  Ff,  which  bears  with  a  etig-ht  spring  ag-ainst   the  tongue  at  Jl 
The  blast  of  wind  being  maintaiued  constant,  tlie  reed  was  made  to  yield  its  gravest  note,  by  withdrawing  tlie 
wire  as  far  as  possible,  after  which,  by  pushing  it  inutile  pitch  of  the  reed  was  ^^dually  raised.     It  was  observed  ^nj  jj, 
then  that  the  tone  of  the  pipe  grew  constantly  more  acute,  but  tliat  after  a  certain  point,  it  beg*an  to  diminish  in  mtnner  of 
intensity,  tiil  at  length  no  Sound  coukl  he  heard.     At  this  point,  the  tongue  of  the  reed,  beings  narrowly  examined  vibiati^, 
through  the  glass,  was  observed  to  be  still  in  rapid  vibration  ;   but  its  vibrations  were  performed  entirely  in  the 
air,  so  as  not  to  strike  upon  and  close  the  orifice.     A  constant  passage  then  beinj<  left  for  the  air^  the  vibrations 
of  the  pipe  could  not  be  excited.     But  this  state  of  things  continued  only  so  long  as  the  tongue  was  oi'  that 
precise  length.     The  moment  the  wire  was  pushed  in  by  the  smallest  quaotity^  the  Sound  spniug  forth  anew  of  a 
pitch  still  L'orresponding  with  the  shortened  state  of  the  tongue. 

The  miluence  of  the  air  in  a  pipe  on  the  reed  by  which  it  is  set  in  vihration,  cattses  the  quaUiy  of  the  tone  of      200, 
a  reed-pipe  to  depend  materially  on  its  figure.     Thus  it  is  foimd  that  a  reed-pipe  of  the  funneUshaped  form,  I  nil  ue  nee  of 
fig.  24*  composed  of  two  cones,  one  more  divergent  than  tlie  other,  set  on  the  orifice,  gives  the  clearest  ajid  moat  ^^^^  ^^J^m  of 
brilliant  tone;  but,  on  the  other  hand,  if  the  upper  cone  be  reversed,  so  as  to  cmitract  tlie  aperture,  fig.  25,  the  jj^*^  E^'^*' j" 
Sound  is  stifled*     But  when  two  similar  cones,  placed  base  to  ba*e»  are  adapted  to  the  aperture  of  a  long  conical  pj     24, 
pipe,  as  in  fig.  2^,  the  Sound  acquires  remarkable  fullness  and  force.     This  belongs,  however,  to  a  most  intricate  Fig.  25. 
part  of  the  theory  of  Sound,  the  vibrations  of  masses  of  air  in  cavities  of  any  form.  Fig.  26. 

The  quality  of  the  tone  produced  by  reed-pipes  will  also  of  course  materially  depend  on  the  construction  of      201, 
the  reed  itself,  and  the  substance  of  which  it  is  composed.     If  the  vibrating  lamina  be  of  metal,  and  at  every  InfitJcnce  of 
vibration  it  strikes  on  a  metallic  orifice,  these  blows  will  be  heard,  and  wii[  give  a  harsh,  rude,  and  screaming  !!j*  "*^'^,  "** 
character  to  the  Sound.     If  the  edges  of  the  aperture  be  covered  with  soft  leather,  this  is  much  alleviated.     But  ^Ahe*'  ' 
if,  instead  ofcoverin^^  the  aperture  by  striking  on  it,  the  tongue  is  so  constructed  as  merely  to  obstruct  It  by  passing  Suund, 
backwards  and  forwards  through  it  at  each  oscillation,  care  being  taken  to  make   it  Jit  without  touching  the 
edges  of  the  aperture,  these  blows  are  avoided  altogether;   the  tongue  comincr  in  contact  with  nothing  but  uir 
during  its  whole  motion.     In  consequence,  its  tone  is  remark ubiy  soft  aitd  pure,  and  free  from  any  harshness. 

The  invention  of  this  reed  is  ascribed  by  Biot  to  M.  Greni^,  who  has  taken  out  a  patent  for  it ;  but,  without      202. 
erecting-  a  prior  claim  on  the  part  of  Kratzenstein.  we  may  bring  forward  a  very  familiar  instrument,  the  Jew's-  Oi'*"'^'* 
harp,  as  olFering,  at  least,  an  apparent  analogy  with  M.  Greni^-'s  reed.     The  construction  of  this  instrument  is  so  ^|^   .  ^^ 
well  known  that  there  is  no  need  to  describe  it ;   and  though  the  theory  of  it  be  somewhat  obscure,  there  can  be  j^g^p^ 
little  doubt  that  its  action  is  that  of  a  reed  which  calls  into  play  the  resonance  of  the  cavity  of  the  mouth,  and 
aympathizes  with  it  in  its  vibrations,  at  least  in  some  of  their  modes.     The  Jew's-harp  is  an  instrument  much 
mistaken  and  unjustly  contemned.     Nothing  can  exceed  the  softuei^s,  sweetness,  and  delicacy  of  this  instrument, 
wtien  carefully  constructed  and  well  played  ;*  as  might  be  expected  from  a  reed  in  which  the  tongue  is  perfectly 
at  liberty.     That  the  instrument  itself  vibrates  in  unison  with  the  iK>te  it  calls  forth,  is  evident  from  the  fact» 
that  when  merely  held  before  the  open  mouth,  or  lightly  retained  between  the  lips,  its  Sound  is  feeble  and  scarce 
audible;  but  acquires  a  great  accession  of  force  when  brought  in  contact  with  and  firmly  held  between  the  teeth  ; 
the  note  is  still  further  sustained  and  reinforced  by  directing  a  current  of  air  forcibly  through  it*     It  is  not  here 
meant  to  say,  that  the  great  oscillations  to  and  fro  of  the  tongue  are  commanded  by  the  resonance  of  the  cavity* 
or  are  performed  in  the  same  time  with  its  vibrations.     On  the  contrary  the  spring  is  far  too  strong  and  large  to 
admit  of  this.     It  is  more  probably  by  a  series  of  subordinate  vibrations  going  on  iu  the  tongue  while  oscillatingt 
that  the  sympathy  is  established. 

The  instrument  called  the  German  harmonica  is  a  reed,  on  M.  Grenit1*s  principle,  consisting  of  nothing  but  a       203, 
very  thin  lamina  of  brass,  of  the  form  of  an  oblong  parallelogram  fixed  by  one  of  its  narrow  ends  in  a  frame  of  ThcGermaa 
its  own  shape,  but  just  so  much  larger  as  to  allow  of  its  free  motion.     This  instrument  vibrates  by  a  blast  urged  harmonica, 
through  it  yielding  a  clear  musical  tone  of  a  very  pleasing  character  and  fixed  pitch.     If  placed  at  the  end  of  a 
pipe  it  performs  the  office  of  a  reed,  and  its  tone  commands,  or  is  commanded,  by  the  pipe  according  ta  circuin* 
itances,  as  above  explained. 

When  the  action  of  the  embouchure  of  a  pipe  is  so  decided  as  to  be  incapable  of  being,  to  any  seneible  extent,       $04, 
commanded  or  influenced  by  the  resonance  of  the  pipe  ;  as,  for  instance,  when  the  column  of  air  in  a  stopped  Case  whefo 
pipe  is  set  in  vibration  by  a  tuning-fork  fijrnished  with  a  disc,  as  described  in  Art.  1 19,  the  pipe  w  ill  sound,  and  ^''''  P^P*^  j* 
reinforce  the  Sound  of  the  tuning-fork,  but  more  and  more  feebly,  as  the  pitch  of  the  latter  departs  more  from  "^^^i^^^^^^ 
that  of  the  pipe.    The  experiment  is  easily  made  by  tuning  the  upper  joint  of  a  flute  with  the  mouth-hole  stopped  bouchurc* 
exactly  in  unison  with  a  fork,  and  then  moving  the  piston  of  cork  at  the  end  of  tlie  pipe  to  and  fro,  or  loading 
the  fork  with  wax,  so  as  to  put  it  more  or  less  out  of  tune.     The  fork  and  aerial  column  vibrate  as  a  system,  in 
which  the  former  has  so  much  the  preponderance  as  to  command  the  latter  completely. 

We  may  here  notice  a  very  remarkable  experiment,  which  we  do   not  remember  to  have  seen  elsewhere      205. 


*  As  w«  h»9e  hetfd  it  done  by  Mi  Euknsteiti, 
5k2 
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described,  and  which  shows  to  what  an  extent  the  principle  of  the  superposition  of  vibrating  motions  and  the 
simultaneous  coincidence  of  different  modes  of  vibration  in  the  same  vibrating  body,  must  be  admitted  in 
Acoustics.  If,  instead  of  one,  two  such  disked  tuning-forks  be  held  over  the  mouth  of  a  pipe  side  by  side,  both 
nearly  in  unison  with  the  pipe,  but  purposely  tuned  out  of  unison  with  each  other,  by  an  interval  so  small  (see 
Index,  Musical  InUrvaU)  as  to  produce  strong  beats,  (see  Index,  Beats,)  both  Sounds  at  once  will  be  rein- 
forced by  the  pipe,  and  the  beats  will  be  heard  with  the  same  degree  of  distinctness  as  if  two  pipes,  each  in 
unison  with  one  of  the  forks,  were  sounding  side  by  side.  The  same  column  of  air,  then,  at  the  same  time,  is 
vibrating  as  a  part  of  two  distinct  systems,  and  each  series  of  vibrations,  however  near  coincidence  they  may  be 
brought,  continues  perfectly  distinct  and  absolutely  free  from  any  mutual  influence.  To  those  who  have  not  tried 
the  experiment,  the  fact  of  a  pipe  actually  out  of  tune  with  itself,  and  yielding  two  notes  in  irreconcilable 
discord  with  one  another,  yet  both  equally  clear  and  loud,  will,  at  first  sight,  appear  not  a  little  extraordinary. 

One  of  the  most  singular  species  of  pipe  is  that  employed  in  the  organ  to  imitate  the  human  voice.  It  is 
composed  of  a  very  short  conical  pipe,  the  base  upwards  surmounted  by  a  short  cylinder,  and  the  pitch  is  regu- 
lated entirely  by  the  reed.  (See  fig.  27.)  There  is  a  circular  operculuni  which  half  closes  the  open  end  of  the 
cylinder,  to  imitate  the  lips,  the  reed  peiforming  the  part  of  the  larynx,  and  the  pipe  itself,  of  the  cavity  of  the 
throat  and  mouth.  (See  Index,  Voice.)  This  pipe,  when  well  executed,  imitates  the  human  voice  extremely 
well ;  but  with  a  peculiar  nasal  twang,  and  somewhat  of  a  screaming  tone. 

Chimney-pipes  are  those  which  are  closed  at  the  upper  end  by  a  cover,  through  the  centre  of  which  a  pipe  of 
smaller  diameter  is  passed,  as  a  continuation  of  the  lower  one.  (Fig.  28.)  Their  Sound  is  intermediate  between 
those  of  open  and  stopped  pipes  of  the  same  length.  Bemouilli  {MSm,  Acad.  Par.  1762)  has  investigated  the 
laws  of  their  vibrations.  (See  also  Biot,  Traite  de  Phys.  ii.  p.  153.)  If  we  call  L  and  /  the  lengUis  of  the 
greater  and  smaller  pipes  respectively,  and  X  that  of  a  pipe  closed  at  one  end  capable  of  yielding  the  same  funda- 
mental note,  n  :  1,  the  ratio  of  their  diameters,  Bemouilli  finds  the  following  equation  for  determining  X, 

tan(---.---)xtan(-Tr.  t-I  =  — . 

This  f  quation  holds  good  when  the  lower  end  of  the  great  pipe  is  closed  ;  if  it  be  open,  the  equation  is 

§  IV.  Of  Musical  Intervals^  of  Harmony^  and  Temperament. 
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208.  Our  appreciation  of  the  pitch  of  a  Musical  Sound  depends,  as  we  have  seen,  entirely  on  the  number  of  its  vibrations 

Unisons.  performed  in  a  given  time.  Two  Sounds  whose  vibrations  are  performed  with  equal  rapidity,  whatever  be  their 
difference  in  quality  or  intensity,  affect  the  ear  with  a  sentiment  of  accordance  which  we  term  a  unison^  and  which 
irresistibly  impresses  on  us  the  conviction  of  a  perfect  analogy,  or  similarity  between  them,  which  we  express  by 
saying  that  their  pitch  is  the  same,  or  that  they  sound  the  same  note.  In  fact,  their  impulses  on  the  air,  and 
on  the  ear,  through  its  medium,  occurring  with  equal  frequency,  blend,  and  form  a  compound  impulse,  difiering 
in  quality  and  intensity  from  either  of  its  constituents,  but  not  in  the  frequency  of  its  recurrence  ;  and,  therefore, 
the  ear  will  judge  of  it  as  of  a  single  note  of  intermediate  quality. 

But  when  two  notes  not  in  unison  are  sounded  at  once,  the  ear  distinctly  perceives  both,  and  (at  least  with 
practice,  and  some  ears  more  readily  than  others)  can  separate  them,  in  idea,  and  attend  to  one  without  the  other. 
But  besides  this,  it  receives  an  impression  from  them  jointly,  which  it  does  not  acquire  when  sounded  singly,  evoi 
in  close  succession,  an  impression  of  concord,  or  dissonance,  as  the  case  may  be ;  and  is  irresistibly  led  to  regard 
some  combinations  as  peculiarly  agreeable  and  satisfactory,  and  others  as  harsh  and  grating.  Now  it  is  inva- 
riably found  that  the  former  are  those,  and  those  only,  in  which  the  vibrations  of  the  individual  notes  are  in  some 
very  simple  numerical  proportion  to  each  other,  as  1  to  2,  1  to  3,  1  to  4,  2  to  3,  &c.,  and  that  the  concord  is  more 
satisfactory  and  more  pleasing,  the  lower  the  terms  of  the  proportion  are,  and  the  less  they  differ  from  each  other. 
While,  on  the  other  hand,  such  notes  as  vibrate  in  times  bearing  no  simple  numerical  ratio  to  each  other,  or  in 
which  the  times  of  the  ratio  are  considerable,  as  8  :  15,  for  example,  when  heard  together  produce  a  sense  of 
discord,  and  are  extremely  unpleasant.     This  simple  remark  is  the  natural  foundation  of  all  harmony. 

Next  to  a  unison^  in  which  the  vibrations  of  the  two  notes  are  in  the  ratio  of  I  :  1,  the  most  satisfactory  concord 
is  the  octave,  where  the  vibrations  are  as  1  :  2,  or  one  note  performs  two  vibrations  to  each  single  one  of  the 
other.  The  octave  approaches  in  its  character  to  a  unison,  and  indeed  two  notes  so  related  when  played  together 
can  hardly  be  separated  in  idea ;  and  when  singly,  appear  rather  as  the  same  note  differently  modified,  than  as 
independent  Sounds.  The  reason  of  this  will  be  evident  on  inspecting  fig.  29,  where  the  dots  in  the  upper  line 
represent  the  periodically  recurring  impulses  on  the  ear  produced  by  the  vibrations  of  the  acuter  note,  while  those 
in  the  lower  represent  the  same  impulses  as  produced  by  those  of  the  graver ;  as  the  ear  receives  these  all  in  the 
order  they  are  placed,  it  will  be  the  same  thing  as  if  they  were  produced  by  two  Sounds  both  of  the  graver  pitch, 
but  one  of  a  different  intensity  and  quality  from  the  other ;  the  one  having  its  impulses  (represented  by  :  )  the 
sum  of  two  separate  impulses  of  the  octave  Sounds ;  the  other  consisting  of  the  alternate  impulses  (.)  of  the 
acuter  only. 
211  In  like  manner  the  octave  of  the  octave^  or  the  fifteenth,  as  it  is  called  in  Music,  which  consists  of  notes  whose 
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The  octave, 


Fig.  29. 
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pp     vibrations  are  as  1  :  4.  is  a  very  agreeable  and  perfect  concord ;  as  arc,  indeed*  all  the  sculc  of  octaves  1  :  8,     ***^* 
'"^^  1  ;  16,  &c.  they  all  partake  of  the  peculiar  character  of  the  octave,  a  sense  of  perfect  adiastment  or  identity.         J^^" 


pecu 


'perfect  adjt] 


identity. 


The  next  in  order  is  the  coitihi nations  1  :  3,  where  the  vibrations  of  the  graver  note  are  trisected  by  those  <>'^oeuv«*'<yr* 
the  acuter,  as  in  fig^.  30,  which  ij^ives  a  concord  called  the  twelfth,  a  Very  agreeable  one.     In  this,  if  we  snbslitule  fifteeiith,Jkc. 
for  the  note  1  its  octave  2,  we  shall  have  the  concord  whose  vibrations  are  in  the  ratio  of  2  :  3  5  or,  as  we  shall       212, 
call   it  for  brevity,  the  concord  2  :  3,  whose  pulsations  are  represented  in  fig-.  31.     This  concord  is  lernied  the  Tbe 
Jij\h,  and  is  a  remarkably  perfect  and  agreeable  one,  even  more  so  than  the  twelflb,  which  although  simpler  in  twelfili. 
a  numerical  estimate*  yet  from  the  greater  interval  between  its  component  notes  allows  them  to  be  more  readily  ^v''^^{ 
diijling'uished,  while  the  notes  of  the  fifth  blend  much  more  perfectly.  Y\g.  31* 

If,  instead  of  substittiting-  for  1  its  octave  2,  we  syljstitiite  its  double  octave  4,  we  ^t  the  concord  4  :  3,  or       213. 
tlie  fourth,  which  may  be  regarded  as  a  sort  of  complement  of  the  Jiffh^  and  is  also  very  ogreeiible.  The  fourth. 

The  concords  1  ;  5,   2:5,  and  4  :  5,  especially  the  latter,  in  which  the  tones  approach  pretty  near  to  each  Fig.  32. 
other,  are  all  remarkably  agreeable.     The  last  is  called   a  major  thirds  and  the  two  former  are  ree^arded  rather       214. 
as  varieties  of  it  than  as  independent  concords.     T!ic  concord  8  :  5  (whicli  is  its  complement  in  the  same  sense  TJ^^  roftjor 
as  4  :  3  the  fourth  is  to  2  :  3  the  fifth)  is  called  the  minor  dxlhy  and  is  almost  equally  agreeable  with  the  major  pj'^  '^ 
third,  to  which  it  is  related.  The  mi^r 

The  concord  3  :  5  is  called  the  major  suih^  and,  as  well  as  its  complenient  6  :  5,  or  the  minor  third,  though  liith. 
pleasing,  is  decidedly  less  satisfactory  than  the  lorcgoiiii? ;  and,  as  we  see  by  casting  onr  eyes   on  the  figure,      215, 
the  periods  of  recurrence  of  their  combined  pulses  in  the  same  order  is  longer  and  more  complex,  '^a^^!T 

Higher  primes  than  5  enter  into  no  harmonic  ratios.     Snch  combinations,  for  instance,  as  1  :  7,  5  :  7.  or  5  :  7»  I^ljfp*'J^th^ 
are  altogether  discordant.     The  same  may  be  said  of  the  more  complicated  combinations  of  the  lower  primes       2I6 
1,  2,  3,  5,     The  ear  will  not  endure  them,  and  cannot  rest  upon  them-     When  sounded,  a  sense  of  craving  for  Discordi 
a  change  is  produced,  and  this  is  not  satisfied  but  by  changing  one  or  both  of  the  notes  so  as  to  fall  as  easily  as  and  iheir 
the  case  will  permit  into  some  one  of  the  concords  above  enumerated.     This  is  called  the  resolution  of  a  discord;  resolulion. 
and  such  is  the  constitution  of  our  minds  in  this  respect,  that  a  concord  agreeable  in  itself  is  rendered  doubly       217. 
so  by  being  thus   approached  through   a  discord.     For  example,  !et  us  take  the  ratio  5  ;  9,  which  is  called  a  ^J^*"^!*'*  *" 
^at  $evenfh,  a  combination  decidedly  discordant.     If  we  mnltiply  the  terms  of  this  ratio  by  &,  we  get  25  :  45.  tion'^rthc 
A  small  change  in  one  of  the  notes  will  reduce  this  to  27  :  45,  or  3  ;  5,  a  major  sixth — an  agreeable  concord,  discord  of 
Now  this  will  be  done,  if,  retaining  the  lower  note  5  or  25,  we  change  the  upper  from  45  to  45  X  f4?    ^^^^  **  '^  *^*  ^** 
say,  to  a  note  whose  vibrations  are  to  its  own  as  25  :  27.     This  ratio  corresponds  to  a  musical  interval  called  a  *«^cntli. 
semitone.    Hence  the  discord  in  question  will  be  satisfactorily  resolvetl  by  holding  on  its  lower  note,  and  making 
its  upper  one  dexcend  a  scmilonf.. 

On  the  proper  alternation  of  concords  and  discords  the  whole  of  musical  composition  depends,  but  though  the  21 8- 
principle  above  stated  must  be  satisfied  in  the  resolution  of  every  discord,  there  are  other  rules  to  be  attended  to 
by  which  our  choice  is  limited  to  some  modes  rather  than  othen* ;  for  example,  in  the  fl^regoing  instance  it  is 
the  upper  note  which  must  descend  a  semitone.  The  ascent  of  the  lower  by  the  same  interval,,  whicli  would 
equally  change  the  ratio  aa  above  indicated,  would  otfend  against  other  precepts  with  which  we  have  here 
nothing  to  do. 

The  iniervai,  as  it  is  called  in  Music,  between  the  two  notes  of  which  any  simple  concord  or  discord  consists,        210. 
depends  not  on  the  absolute  number  of  vibrations  which  either  makes  in  a  given  time,  but  on  their  relative  pro-  Musical  in- 
portion.     For  it  is  no  matter  how  slowly,  or  how  rapidly,  the  vibrations  take  place,  provided  the  order  in  which  p/^j'^^   ' 
their  impulses  reach  the  ear  be  the  same.     Hence,  if  the  vibrations  4  and  5  produce  on  the  ear  the  agreeable  ctTect  ^atjo*  of  vi- 
of  a  major  third  ;  two  notes,  each  an  octave  higher,  or  having  their  vibrations  respectively  8  and   \0 ;    or  in  britions,n 
general  any  two  having  their  vibrations  in  this  ratio,  will  produce  the  same  eHeet.     This  is  a  matter  of  expe-  ^^  i^*«if 
rience,  but  the  inspection  of  the  figures  representing  the  older  of  succession  of  the  individual  vibrations  enables  «^^<^["^<* 
ns  to  understanil  its  reason.  .  """'^'^ 

If  we  take  any  note  for  a  fundamental  Sounds  and  tune  a  string  or  a  pipe  so  as  to  vibrate  with  the  degree  of      220, 
rapidity  corresponding  to  that  Sound,  and  represent  Ijy  unity  the  number  of  vibrations  it  makes  per  second  ;  and  Cmnplrtioa 
if  we  also   tune  other  strings  to  make  in  the  same  time  respectively  the  numbers  of  vibrations  represented  by  ^^  ^J**^  *^*^^ 

^435  M;cojid  and 

J"t     ^i    -g  '     T'  ^ '    and  then  sound  all  these  strings  in  succession,  beginning  with  the  fundamental  note,  Mvcnib, 

we  shall  perceive  that  two  of  the  sequences,  the  first  and  last,  are  much  wider  than  ihc  rest*  and  would  admit 
the  interpolation  of  a  note  between  each.  But  it  is  no  longer  possible  to  choose  for  these  interpolated  notes 
such  as  will  make  concordant  intervals  with  any  of  the  rest,  or  their  octaves.  But  in  order  to  obtain  as  many 
concords  as  possible  in  the  scale,  so  as  to  produce  the  most  barmoniouu  music,  they  are  made  to  harmonize 
with  that  note  which  bears  the  nearest  relation  to  the  fundamental  one,  (for  its  octave  is  regarded  as  a  mere 
repetition  of  itself,)  i.  c.  the  fifth.     The  vibrations  of  a  note  a  fifth  higher  than  the  fifth  are  represented  by 

/3\t  9 

I -^  ),  or  — ;  and  as  ibis  is  greater  than  2»  it  lies  beyond  the  octave.     Wc  must,  therefore,  tunc  our  interpo- 

9 
lated  string  an  octave  lower,  or  to  the  vibration   — ,  and  thus  we  get  the  second.     Again,  if  we  tune  another  to  Tlie  secoad* 

the  vibration   -^,  or  —  X  — •  it  will  form,  with  the  fifth  of  the  fundamental  note  I  -^  1,  a  major  tliird — the 
0  4  *  ^  2  / 

next  most  harmonious  interval  on  the  scale.    Tlic  note  thus  interpolated  is  the  seventh* 


SOUND. 

The  interpolated  st^k,  with  the  vibrations  of  ilR  res|>ective  nates,  will  stand  thus 

Sigrns .....    (1), 

Names  of  intervak , . .    1st 

Ratios  of  vibration 1, 

or  multiplying  all  by  :3 4,  to  avoid  fractions, 
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This  is  called  the  natural^  or  diatonic  scale ;  when  all  its  notes  are  sounded  in  suecessioa*  whether  upw< 
clownwardK,  the  etfect  is  universally  acknowledg^ed  to  be  pleasing".     The  ear  rests  with  perfect  satisfaction 
fundaniental  note,  and   the   intervals  succeed   each  other  graceiully,  wilh  sufficient  variety  to  avoid  tnotiotosy 
Accordingly  ell  a^fes  and  nations  have  agreed  in  adopting''  this  scale  as  the  foundation  of  their  mu.sic. 

This  scale  consists  of  seven  distinct  notes,  for  the  e»i^hth  being  the  octave  of  tlie  first  is  regarded 

repetition  of  it.     And  if  we  add  to  it  on  both  sides  the  octaves  of  all  its  tones  above  and  below,  and  afpim 

octaves  of  these,  and  so  on,  we  may  continue  it   indefinitely  upwards  and  downwards.     Not  that   the  ear 

follow  the»e  additional  tones,,  to  an  unlimited  extent.     When  the  vibrutions  are  less  numerous  than  about  16 

downwards,  second,  the  ear  loses  the  impression  of  a  continued  Sound  ;   and  perceives^  first,  a  fluttering  noise,  then  a  qdilk 

Limiis  of      rattle^  then  a  succession  of  distinct  Sounds  capable  of  being-  counted.     On   the  other  hand,  when  the  frequettCf 

audibiUtyr.     of  the  vibrations  exceeds  a  certain  limit  all  sense  of  pileh  is  lost  ;  a  shrill  squeak,  or  chlq),  only  is  beard  ;  ttbd, 

dli    r*   what  is  very  remarkable,  many  individual,  otherwise  na  way  inclined  to  deafness,  are  altoi^ether  iaaensibk  tl 

^^^.(^^  g^^  very  acute  Sounds,  even  such   as  painfully  aflect  others.     This  sin f^lar  observation  is   due   to   I>r.  WoUa^laa 

(See  his  Paper  on   Sounds  inaudible  lo  certain  ears,  PhiL  Tram.  1820.)     Nothing  can  be  inore  Miqtcwif 

than  to  see  two  persons*  neither  of  them  deat',  the  one  complaining  of  the  penetrating"  stirillneaa  of  a  Sooil 

while  the  other  maintains  there  is  no  Sound  at  all.     Thus  while  one  person  mentioned   by  Dr.  Wollaalatt  eorfl 

but  just  hear  a  note  four  octaves  above  the  middie  E  of  the  piano -forte,  others  have  a   distinct   pereeptiai  |f 

Sounds  full  two  octaves  higher.     The  chirp  of  the  Sparrow  is  about  the  former  liiiiit ;   tlie  cry  uf  the  Bat  tkmA 

one  octave  above  it;    and  that  of  some  insects,  probably,  raore  than  another  oclave.     Dr.  WoUasto«*s  ^amd 

hearing  terminated  at  six  octaves.     The  whole  range  of  human  hearing  comprised  between  the   lowest  w^imd 

tlie  organ  and  the  highest  known  cry  of  insects,  seems  to  incltule  about  nine  octaves. 

It  is  probable,  however,  that  it  is  not  alone  the  frcqutncy  of  the  vibrations  which  renders  shrill  Soundfimi* 
dible.  There  is  no  reason  why  an  impulse,  if  strong  enough  singly  to  affect  the  ear,  should  lose  it^efatlf 
repeated  many  thousand  times  in  a  second.  On  the  contrary  such  repetition  would  render  the  noise  toiokiAto; 
gJJjJ^J**^^  *^  But  this  is  not  the  case  with  musical  Sounds;  their  individual  impulses  would*  probably,  be  quite 
singly,  atid  only  impress  by  repetition.  Now,  as  vibrating  bodies  have  only  a  certain  deg-ree  oi 
extreme  swiftness  of  vibration  can  only  take  place  when  their  dimeonioiifi  are  very  minute,  and  eoaseqiieiitlT  lit 
excursions  of  their  molecules  from  rest,  and  their  absolute  velocities,  cieeisively  minute  also.  Thu8  m  pnifioctkl 
as  Sounds  are  more  acute  their  intenMly  (which  depends  wliolly  on  the  extent  and  Ibrce  of  their  vibrallAMl 
dhninishes.  No  doubt,  if  by  any  mechanism  a  hundred  thousand  hard  blo^^'s  per  second  could  be  iigArfy 
Btrnck  by  a  hammer  on  an  anvil,  at  precisely  equal  intervals,  they  w^ould  be  laard  as  a  most  deafeniDg  dirifsl; 
hut  in  natural  Sounds  the  impulses  lose  in  intensity  more  than  they  gain  in  number,  au4  thus  the  Sound  guv** 
feebler  and  feebler  till  it  ceases  to  be  heard. 
224.  **  As  there  is  nothing  in   the  nature  of  the  atmosphere  (remarks  Dr,  Wollaston)  to  preveitl   tlie 

Possible  of  vihrations  incomparably  more  frequent  than  any  of  which  we  are  conscious,  we  may  imagine  that 
limits  of  IJke  ihe  Orylli,  whose  powers  appear  lo  commence  nearly  where  ours  terminate,  may  have  the  taeulty  of  hnri^ 
tieanne'm  *'^^^  shaq^er  Sounds,  which  we  do  not  know  to  exist;  and  that  there  may  be  other  insects  hearing^  iKrtliii^  i 
common  with  us,  but  endued  with  a  power  of  exciting,  and  a  sense  which  perceives  vibrations  of  tJie  saaiemtBff 
indeed  as  those  which  constitute  our  ordinary  Sounds,  but  so  remote  that  the  animals  who  perceive  themB^ 
be  said  to  possess  another  sense  agreeing  with  our  own  solely  in  the  medium  by  wliich  it  is  excited.^*  Ibl 
same  may,  no  doubt,  be  true  of  aquatic  animals.  The  shrimp  and  the  whale  may  have  no  Sound  in  conmA 
By  the  aid  of  the  ascending  and  descending  series  of  Sounds  in  the  natural  scale  thus  obtained,  pieces  of  miiBe 
^^y*""^^^*"  perfectly  pleasing,  both  in  point  of  harmony  and  melody,  may  be  played  ;  and  they  are  said  to  be  in  the  kryd 
music  ^^^^  which  is  assumed   as  the  fundamental  note  of  the  scale,  or  whose  vibrations  are  represented  by  I.     If  ami 

It^analytis  ^  piece  be  analyzed,  it  will  be  found  to  consist  entirely,  or  chiefly,  of  triple  and  quadruple    coEn&ioalafiiu^  tf 
into  chords,  chunis,  such  as  the  following  : 

226.  1,  The  common,  or  fimdamental  chord,  or  chord  of  the  ionic,  or  the  Ist,  3d,  and  5th,  (l,  3,  5,)  or  the  9d,  54 

T^efunda-  q^^  octave  (3,  5,  8)  sounded  together.  Tins  is  the  most  harmonious  and  satisfactory  chord  in  music,  and  ^hm 
sounded  the  ear  is  satisfied,  and  requires  nothing  further.  It  is,  therefore,  more  frequently  heard  than  any  ether; 
and  its  continual  recurrence  in  a  piece  of  music  determines  the  key  it  is  played  in. 

2,  The  chord  of  the  domirumt.  The  fifth  of  the  key-note  is  called,  by  reason  of  its  near  ivliition  to  ihe  iad^ 
mental  note,  the  dominant.  The  chord  in  question  is  the  common  chord  of  the  dominant,  or  the  notes  0^% 
and  7)  sounded  together. 

3,  The  chord  of  the  mhdominant,  or  the  note  4,  consisting  of  the  notes  1,  4,  6,  being  the  common  chonlori 
as  a  fundamental  note. 

4,  The  false  close,  or  the  combination  (1,  3,  6)  or  (3,  6,  8)  which  is,  in  &ct,  the  common  chord  of  the  adit  41 
only  with  a  minor  third  (6,  8)  instead  of  a  major.  The  term  Jhhe  close  arises  from  tliis,  that  a  piece  of  musk, 
frequently  before  its  final  tennination,  (which  is  always  on  the  tundamental  ohord^)  comes  to  a  motnmtary  doie 


different 
nuimati, 


225. 


m«iital  or 

common 

chord. 

227. 
Chord  of 
the  dotni^ 
nant. 

228. 
Chord  of 
the  snb- 
domiminr, 

229 
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uL     on  ibis  diord,  whidi  pleases  onijfor  a  Aori  time,  but  reqmres  tbe  straiD  to  be  taken  up  again  and  closed  as  usual     I^wt  n. 
f^^  to  ^ve  full  satisfaction.  tkTi^^ 

5.  The  discord  of  the  7th,  or  (2,  4,  5,  7.)     It  consists  of  four  notes ;  and  is,  in  fact,  the  common  chord  of  the  ^1^ 
dominant,  with  the  note  immediately  below  it,  or  the  seventh  ta  order  above  it.     The  interval,  however,  between      230 
the  notes  (4)  and  (5),  or  between  (5)  and  the  octave  of  (4)  next  above  it,  is  represented  by  the  ratio  chord  (or 

^        A  m,  1^  discord)  of 

2x4      .    3    _    16  theieventh. 


8  •    2  9   ' 

2 

or  (taking  24  as  the  number  of  vibralions  in  a  unit  of  tune  corresponding  to  the  note  (1)  )  s  42  -— •     Tbb 

interval,  then,  is  less  than  the  seventh  of  the  diatonic  scale,  and  is  about  half-way  intermediate  between  the  sixth 

and  seventh  of  that  scale.     It  is,  therefore,  called  the  flat  seventh.     (See  Arts.  231  and  232.)     This  discord 

resolves  itself  into  the  chord  (3,  5,  8 ;)  and  unless  that  combination,  or  one  equivalent  to  it,  follows,  the  ear  is 

not  satisfied.^   The  notes  (4)  and  (5)  are  the  essential  ones  of  this  discord,  and  the  others  are  regarded  as 

accompaniments.     If  played  together,  the  ear  requires  that  in  the  next  chord  4  should  descend  or  be  succeeded 

by  (3,)  while  the  note  7  is  required  to  rise  or  be  succeeded  by  (8.) 

With  these  chords  and  a  few  others,  such  as  the  chord  of  the  9th,  whose  essential  notes  are  1  and  2,  or  1  and  9,      ^^\ 

may  a  great  variety  of  music  be  played,  but  it  would  be  found  monotonous.    The  ear  requires,  in  a  long  piece,  ^'o*'"^'^*"* 

a  variety  of  key.     The  fundamental  note  occurs  so  oflen  that  it  seems  to  pervade  the  whole  <^  the  composition, 

and  must  therefore  be  changed.    But  this  change  of  key,  which  is  called  modulation^  is  not  possible  without 

introducing  other  notes  than  those  already  enumerated.     It  is  true  the  chord  (2,  5,  7)  is  the  perfect  fundamental 

chord  in  the  key  of  (5 ;)  but  the  other  chords  in  that  key  corresponding  to  Uiose  already  enumerated  cannot  be 

formed,  with  the  exception  of  its  sub-dominant,  which  is,  in  fact,  the  common  chord  of  1.     Take,  for  instance, 

its  dominant     This  would  be  formed,  if  it  could  be  formed  at  all,  of  the  notes  (2,  4,  6)  or  (4,  6,  9.)     But  if  we  Neceitity 

come  to  analyate  the  intervals  of  these  notes,  we  find  thai  ^f  intro- 

"  duciDg  in- 

(4)   _  32  (^  _  i2,  termeditte 

(2)"""  27'  (2)  ""  27  *  "^*"' 

5  3 

Kow  these  differ  from  the  ratios  -j  and   —  which  exist  between  the  notes  (3,  1)  and  (5,  1)  of  the  perfect 

common  chord.  Consequently,  if  we  would  play  equally  well  in  tune  in  the  key  (5)  we  must  introduce  these  new 
ratios  ;  and,  in  fact,  we  ought  to  have  for  that  purpose  notes  corresponding  to  all  the  ratios 

3         9  3         &  3         4 

2"^8'         Y^4'  T^g'*''- 

and  similarly  for  every  other  key  we  might  choose  to  play  in.  But  this  would  require  an  enormous  number  of 
notes,  and  would  render  the  generality  of  musical  instruments  too  complicated.  It  becomes  necessary,  then,  to 
consider  how  the  number  may  be  reduced,  and  what  are  the  fewest  notes  that  will  answer. 

Let  us  take  for  example,  as  above,  the  dominant  of  the  note  (5.)    The  number  of  its  vibiations  is  36  X  — ,  or      232. 

54,  the  half  of  which  (because  it  surpasses  the  octave  of  1)  is  27.     This  is  correctly  the  number  corresponding  fied  by  a  * 

5  1  numerical 

to  (2.)    Now,  taking  this  for  a  key-note,  the  major  third  of  (2)  has  27  x  —  =  84  —  for   the  number  of  its  example. 

vibrations  in  a  unit  of  time.     Now  in  tbe  scale  as  it  stands  we  have  32  and  36,  so  that  the  note  in  question  is 
almost  just  half-way  between  them,  and  must  therefore  be  interpolated.     It  will  stand  between  (4)  and  (5)  on  !?"^***^ 
the  scale,  and  is  denoted  in  Music  by  the  sign  4  aharpt  or  ^  flat;  thus  it  is  written  either  as  (4)  nharp^  (4)^,  or 
as  (5)  Jlat^  (5)  ^     With  regard  to  the  fifih  of  the  new  fundamental  note  (^)  its  representative  nunber  is 

27X-?^=-^  =  40l. 
^'  ^   2  2  2 

This  comes  so  near  40,  that  the  ear  hardly  perceives  the  difference  ;  and  though  a  small  error  of  one  vibration  Iptrodae* 
in  80  i3  introduced  by  using  the  note  (6)  as  the  dominant  of  (2,)  yet  it  is  not  fatal  to  harmony  ;  and  there  is  no  ^^^°  ^'°** 
necessity  for  encumbering  ourselves  with  new  names  of  notes,  and  additional  pipes  or  strings  to  our  instruments  ^rmony. 
for  its  sake.     In  practice  these  errors  are  modified  and  subdued  by  what  is  called  temperament^  of  which  this 
is  the  origin,  and  of  which  more  presently. 

81 
The  interval  -—  being  the  difference  of  two  notes,  one  of  which  is  the  octave  of  the  perfect  sixth  of  the       233. 

fundamental  note,  and  the  other  arises  by  reckoning  upwards  three  perfect  fifths  from  the  same  origin,  is  called 
a  comma.     The  former  note  is  represented  by 


In  like  manner,  if  we  would  choose  any  other  note  for  the  fundamental  one,  similar  changes  will  be  required. 


o        5  1^  *u    w*     u    /  3  V      27  ^27       10       81 

2  ^  3-  =  T'         the  latter  by  f -^  j  =-^,  and^H--  =  -. 


794  SOUND. 

Sound,     and  no  two  keys  will  agree  in  giving  identically  the  same  scale.     All,  however,  will  be  nearly  satisfied  by  the     PtnH 
^^*v^*^  interpolation  of  a  new  note  half-way  between  each  of  the  larger  intervals  of  the  scale,  thus 

»a«f.c^..  1»1  2*1  4«|  5«)  6»| 

1,        or   >.      2,      or  >,     3,     4,      or  >,       5,       or  >,       6,       or  >,      7,       8; 
2M  3M  5H  6^1  7M 

and  the  scale  so  interpolated  is  called  the  chromatic  scale.  . 

235.  Musicians  have  long  been  at  issue  on  the  most  advantageous  method  of  executing  this  interpolation.  If, 
Of  t«mpe-  indeed,  it  were  intended  to  give  such  a  preference  to  the  natural  scale  1,  2,  3,  4,  &c.  as  to  make  it  perfect,  to  the 
rameDt.       sacrifice  of  all  the  other  keys,  there  would  be  little  difficulty,  as  a  mere   bisection  of  the  intervals  would, 

probably,  answer  every  practical  purpose :  thus  1  Jf  or  2  ^  might  be  represented  by  V/  1  x  -^  ;  2  Jf  =:  3  ^  by 

%  /  9     5r 

y/  -g    X  —  ,  and  so  on  ;   but  as  in  practice  no  preference  is  given  to  this  particular  key,  (which  is  denoted  in 

Music  by  the  letter  C,)  but,  on  the  contrary,  variety  is  purposely  studied,  it  is  found  necessary  to  depart  from  the 
pure  and  perfect  diatonic  scale,  even  in  tuning  the  natural  notes ;  and  to  do  so  with  the  least  offence  to  the  ear 
is  the  object  of  a  perfect  system  of  temperament?  If  the  ear  absolutely  required  perfect  concords  there  could 
be  no  music,  or  but  a  very  limited  and  monotonous  one.  But  this  is  not  the  case.  Perfect  harmony  is 
never  heard,  and  if  heard  would  probably  be  little  valued,  except  by  the  most  refined  ears ;  and  it  is  Uiis 
fortunate  circumstance  which  renders  musical  composition,  in  the  exquisite  and  complicated  state  in  which  it 
at  present  exists,  possible. 

236.  In  order  to  judge  of  the  limits,  however,  to  which  the  ear  will  bear  a  deviation  from  exact  consonance  of 
'*•*'*          musical  vibrations,  we  must  first  see  what  takes  place  when  two  notes  nearly,  but  not  quite,  in  unison  or  concord 

are  sounded  together.  Conceive  two  strings  exactly  equal  and  similar,  and  equally  drawn  out  from  the  straight 
line,  to  be  let  go  at  the  same  instant ;  and  suppose  one  to  make  100  vibrations  per  second,  the  other  101 ;  let 
them  be  placed  side  by  side,  and  at  the  same  distance  from  the  ear.  Their  first  vibrations  will  conspire 
in  producing  a  Sound-wave  of  double  force>  and  the  impression  on  the  ear  will  be  double.  But  at  the  50th 
vibration  one  has  gained  half  a  vibration  on  the  other,  so  that  the  motions  of  the  aerial  particles,  in  virtue  of 
the  two  coexistent  waves  emanating  from  either  string,  are  now  not  in  the  same  but  in  opposite  directions;  and 
the  two  waves  being  by  supposition  of  equal  intensity,  they  will  instead  of  conspiring  exactly  destroy  each  other, 
and  this  will  be  very  nearly  the  case  for  several  vibrations  on  either  side  of  the  50th.  Consequently,  in 
approaching  the  50th  vibration,  the  joint  Sound  will  be  enfeebled ;  there  will  be  a  moment  of  perfect  silence,  and 
then  the  Sound  will  again  increase  till  the  100th;  when  the  one  string  having  gained  a  whole  vibration  on  the 
other,  the  motions  of  the  particles  of  air  in  the  two  waves  will  again  completely  conspire,  and  the  Sound  will 
attain  its  maximum.  The  effect  on  the  ear  will  therefore  be  that  of  an  intermitting  Sound  alternately  loud  and 
faint.  These  alternate  reinforcements  and  subsidences  of  the  Sound  are  called  beats.  The  nearer  the  Sounds 
of  the  strings  approach  to  exact  unison,  the  longer  is  the  interval  between  the  beats.  If  we  call  n  the  number 
of  vibrations  in  which  one  string  gains  or  loses  exactly  one  vibration  on  the  other,  and  m  the  number  of  vibrations 

per  second  made  by  the  quicker,  will  be  the  interval  between  two  consecutive  beats.     When  the  unison  is 

in 

complete,  no  beats  are  heard.  On  the  other  hand,  when  it  is  very  defective  they  have  the  efiect  of  a  rattle  of  a 
very  unpleasant  kind.  The  complete  destruction  of  the  beats  affords  the  best  means  of  attaining  by  trial  a 
perfect  harmony. 

237.  Beats  will  likewise  be  heard  when  other  concords,  as  fifths,  are  imperfectly  adjusted.  Suppose  one  string  to 
Betu  heard  make  201  vibrations,  while  the  other  makes  300 ;  then,  at  and  about  the  100th  of  one,  and  the  150th  of  the 
with  d\\  other,  the  former  will  have  gained  half  a  vibration,  and  those  vibrations  of  the  one  which  fall  exactly  on  those 
imperfect     ^^  ^^^  other,  (see  fig.  31,)  being  performed  with  contrary  motions  will  destroy  each  other;  those  which  fiill 

intermediate  only  partially.  The  beats  then  will  be  heard,  but  with  less  distinctness  than  in  the  case  of 
unisons. 

238.  This  seems  the  proper  place  to  notice  an  effect  which  takes  place  in  perfect  concords,  and  only  in  those  which 
Resultant  are  very  perfect,  viz,  the  production  of  a  grave  Sound  by  the  mere  concurrence  of  two  acute  ones.  If  we  examine 
Sounds.       ^g  figure  212,  which  represents  the  succession  of  vibrations  in  a  perfect  fifth,  we  shall  see  that  every  third  of 

the  one  coincides  exactly  with  every  second  vibration  of  the  other.  These  coincidences  (so  delicate  is  the  ear) 
are  remarked  by  it,  and  a  Sound  is  heard,  besides  the  two  actually  sounded,  of  a  pitch  determined  only 
by  the  frequency  of  the  precise  coincidences ;  that  is,  in  this  case,  a  precise  octave  below  the  lowest  tone  of  the 
concord. 

239.  In  general,  if  one  note  makes  m  vibrations  and  the  other  n,  while  another,  of  which  they  may  both  be  regarded 

General  de-  ^s  harmonics,  makes  one,  that  one  will  be  the  resultant  tone,  provided  m  and  n  be  prime  to  each  other;  so  that 

of^the  ns  °  the  only  difficulty  in  determining  the  resultant  of  two  notes,  is  to  determine  of  what  they  are  both  harmonics. 

snUaiit  tone.  fnf  fif 

This  will  be  done  by  reducing  m  and  n,  if  fractions,  to  a  common  denominator  -~-  and    -r^;  then,  ifm' 

and  n!  have  no  common  factor,  —  will  represent  the  fundamental  tone.  If,  then,  m  and  n  be  integers,  and 
without  any  common  factor,  the  resultant  will  be  represented  by  1. 
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ma.         Hence  follows  a  yery  curious  fact,  viz.  that  if  several  strings,  or  pipes,  be  tuned  exactly  to  be  harmonics  of  one    ^^^  1^  ^ 
Z-*'  of  them,  or  to  have  their  vibrations  in  the  ratios  1,  2,  8,  4,  6,  &c.,  then  if  they  be  all,  or  any  number  of  them,  ^^-  ^ 
from  the  first  onward,  sounded  together,  there  will  be  heard  but  one  note,  viz.  the  fundamental  note.     For  they      -^4^ 
are  all  harmonics  of  the  first  note  1 ;  and,  moreover,  if  we  combine  them  all  two  and  two,  we  shall  find  corapa- ^^«^»J^^ 
ratively  but  few  which  will  give  other  resultants,  so  that  these  will  be  lost,  as  well  as  the  individual  Sounds  of  ^j^^  ^^^. 
the  strings,  all  but  the  first,  in  the  united  eflfect  of  all  the  resultant  imit  Sounds.    But  to  produce  this  eflfect,  the  course  of  a 
strings,  or  pipes,  must  be  very  perfectly  tuned  to  the  strict  harmonics.   The  efiect  can  never  take  place  by  touching  great  many, 
the  keys  of  a  piano-forte  corresponding  to  the  harmonic  notes,  because  they  are  always  of  necessity  tempered. 

To  return  to  our  temperament     If  we  count  the  semitones  in  the  chromatic  scale  between  (1)  and  (8)  we  ^^^^ 
shall  find  the  number  of  such  intervals  12.     If,  then,  we  would  have  a  scale  exactly  similar  to  itself  in  all  parts,  ^^  ^^^  .^ 
and  which  should  admit  of  our  playing  equally  perfectly  in  every  key,  we  have  only  to  compute  the  values  of  terrain,  or 
the  fractions  Uo-harmo- 

mc  icale. 

1  =  2*>,  2-Ar,  2^,  2-r^ 2^,  2, 

which  may  readily  be  done  by  logarithms,  and  we  shall  find  the  ratios  of  the  vibrations  which  will  give  what 
may  be  termed  the  scale  of  equal  intervals. 

If  we  examme  the  chromatic  scale,  and  consider  it  as  approicimatively  composed  of  equal,  or  nearly  equal,     248. 
intervals  called  semitones,  the  following  will  be  the  number  of  semitones  in  each  interval :  Systeatof 

In  the  major  fifth  or  fifth 7  ^artmeot." 

■  minor  sixth 8 

»  major  sixth 9 

flat  seventh 10 

seventh 11 

■  octave 12 


In  the  semitone 1 

second  or  tone 2 

■  minor  third   •  3 

■  major  third 4 

■  minor  fourth  or  fourth 5 

>  major  fourth  or  minor  fifth    ....  6 


If  then  we  reckon  upwards  horn  the  note  (1)  by  fifths,  viz.  fit)m  (1)  to  (5),  from  (5)  to  (9),  (or,  which  comes  to 
the  same,  descending  an  octave,  to  (2),)  from  (2)  to  (6),  from  (6)  to  (10),  that  is  to  (10  -  7),  or  (3),  and  so  on, 
we  shall  find  that  after  taking  twelve  such  steps  as  these  we  shall  have  fallen  upon  every  note  in  tlie  scale,  and 
come  back  to  the  fundamental  note  or  its  octave.   But,  since  no  power  of  2  is  exactly  the  same  with  any  power  of 

o 

— ,  it  is  evident  that  no  series  of  steps  by  perfect  fifths  can  ever  bring  us  to  any  one  of  the  octaves  of  the 

Z 

fundamental  note.    Were  the  chromatic  scale  perfect,  twelve  fifths  should  exactly  equal  seven  octaves,  and  three 

major  thirds  should  precisely  make  one  octave.     Neither  of  these,  however,  can  be  true  o£  perfect  fifths  or  thirds, 

/  3  \  11  /  5  V 

for  I  —  )  =  129-74,  and  2'  =  128,  giving  a  difference  of  nearly  one  vibration  in  64  and  f  —  1  =  1*953 

instead  of  2.    Thus,  if  we  reckon  upwards  by  perfect  fifths,  we  surpass  the  octaves ;  if  by  thirds,  we  fall  continually 

below  them.     In  this  dilemma  it  has  been  proposed  to  diminish  all  the  fifths  equally,  making  a  fifth  instead  of 

3  -^ 

— ,  to  be  equal  to  2^^ ;  and  tuning  regularly  from  the  note  (1)  upwards  by  such  fifths  and  from  the  notes 

80  tuned  downwards  by  perfect  octaves.  This  constitutes  what  has  been  called  the  system  of  equal 
temperament. 

It  is,  evident  that  in  this  system  the  notes  will  all  of  necessity  be  represented  by  powers  of  2";  and  that      243. 
therefore  the  scale  resulting  from  this  system  is  identical  with  that  of  equal  intervals,  or  the  iso-harmonic  scale  Defect  of 
described  in  the  last  article.     Theoretically  speaking,  it  is  the  simplest  Uiat  could  be  devised ;  and,  practically,  ^^'^  system.' 
(though  fastidious  ears  may  profess  to  be  offended  by  it,)  it  must  produce  no  contemptible  harmony.  It  has,  how- 
ever, one  radical  fault,1t  gives  all  the  keys  one  charader*  In  any  other  system  of  temperament  some  intervals,  though 
of  the  same  denomination,  must  differ  by  a  minute  quantity  from  each  other ;  and  this  difibrence  falling  in  one 
part  of  the  scale  in  one  key,  in  another  in  another,  gives  a  peculiarity  of  quality  to  each  key,  which  the  ear  seizes 
and  enjoys  extremeJy.     This  fact,  in  which,  we  believe,  all  practiced  musicians  will  agree,  is  alone  sufficient  to 
prove,  that  perfect  harmony  is  not  necessary  for  the  full  enjoyment  of  music.     Most  practical  musicians  seem  to 
have  no  fixed  or  certain  system  of  temperament ;  at  least  very  few  of  them  when  questioned  appear  to  have 
any  distinct  ideas  on  the  subject 

It  is  a  mistake  to  suppose,  as  some  have  done,  that  temperament  applies  only  to  instruments  with  keys      244. 
and  fixed  tones.     Singers,  violin  players,  and  all  others  who  can  pass  through  every  gradation  of  tone,  must  all  Occasional 
temper,  or  they  could  never  keep  in  tune  with  each  other  or  with  themselves.    Any  one  who  should  keep  on  tempera*^ 
ascending  by  perfect  fifths,  and  descending  by  octaves  or  thirds,  would  soon  find  his  fiindamental  pitch  grow  "®°^ 
sharper  and  sharper  till  he  could  at  last  neither  sing  nor  play ;  and  two  violin  players  accompanying  each  other, 
and  arriving  at  the  same  note  by  different  intervals,  would  find  a  continual  want  of  agreement. 


the^ 

ratio,  and  the  sum  of  any  two  intervals  corresponding  to  the  product  of  their  respective  ratios,  the  logarithn.^ 

of  the  latter  are  the  proper  measures  of  the  magnitudes  of  the  former.     Thus  an  octave  corresponds  to  a  ratio  P^^°^* 

of  2  :  1  of  the  vibrations  of  its  extreme  Sounds  ;  two  octaves  to  the  ratio  4  :  1  or  2« :  1,  three  to  8  :  1  or  2*  :  1,  rithmr* 

and  so  on ;  so  that  log.  2,  2.  log.  2,  8.  log.  2,  &c.  or  any  numbers  in  that  proportion,  are  proper  numerical 

representatives  of  these  intervals.  The  intervals  of  the  diatonic  scale  will,  therefore,  be  represented  logarithmically 

aa  follows* 
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The  approximate  values  of  the  intervals  being  all  tnie  to  a  500th  of  a  tone,  an  interval  far  too  minute  for  the 
nicest  ear  to  appreciate,  may  be  used  in  all  musical  ccJculations  where  high  multiples  of  them  are  not  taken. 

246.  It  will  be  observed  that  the  diatonic  scale  so  constructed,  consists  of  three  different  intervals  between  conte- 
SeqiMQcc  of  cutive  notes.  Thus,  the  interval  from  (1)  to  (2)  is  51  parts  of  a  scale  on  which  the  octave  measures  SOl.  TBis 
intenriis  ip  |g  called  a  major  tone^  t,  and  the  same  interval  occurs  again  between  (4)  and  (5),  and  between  (6)  and  (7\  as 
tbe^ttSenic  ^.||  appear  by  referring  to  the  column  of  differences.     Again,  the  intervad  from  (2)  to  (3)  is  46  such  parts  onlj^ 

and  this,  which  occurs  again  between  (5)  and  (6),  is  called  a  minor  tone^  (Q.  Lastly,  the  interval  between  (S) 
and  (4)  and  between  (7)  and  (8)  Is  29  sach  parts,  and  is  called  (but  more  improperly)  a  semitone,  (^,  bdng  in 
fact  much  more  than  the  htflf  of  either  a  major  or  a  minor  tone.  The  term  limma^  which  has  l>een  used  by 
some  authors,  is  much  preferable. 

247.  This  is  the  origin  of  what  is  called  the  enharmonic  diesii,  and  of  the  distinction  existing  between  the  sharp  of 
Bnharnionic  one  note  and  the  flat  of  that  next  above  it ;  a  distinction  essential  to  perfect  harmony,  bat  which  cannot  be  main- 
tained in  practice,  except  in  organs  and  complicated  instruments,  which  admit  a  great  variety  of  keys  and  pedals, 
or  in  stringed  instruments  or  Uie  voice,  where  all  gradations  of  tone  can  be  pro^iced,  and  then  only  wImb  used 
without  a  fixed  accompaniment.  To  explain  this  distinction,  suppose,  in  the  course  of  a  piece  of  music  cooh 
menced  in  the  key  of  (1),  we  should  nCoduUtU,  as  it  is  called,  into  the  key  of  (4),  its  sub-dominsnt ;  iKsl  i% 
ohange  our  key,  and  adopt  a  new  scale,  having  (4)  for  its  fundamental  tone.  To  mdke  tiie  new  scale  pofoct, 
the  intervals  should  be  the  same,  and  succeed  each  other  in  the  same  order  as  in  the  original  key  (1).  That  ii^ 
setting  out  from  (4)  we  ought  to  have  for  our  sequence  of  intervals  rt^rtrO.  Now,  this  sequence  does 
not  ttdLe  place  in  the  unaltered  scale  of  (1)»  when  we  set  out  from  any  note  but  (1),  and  if  we  prolong  it  back* 
ward  to  (A\  they  will  stand  thus, 

(4)       (5)        (6)       (7)        (1)       (2)       (3)        (4) 

I         T         j         ^         I         T         I         (?         I        T  I         /         i         ^ 


I  \  I  »  1 


whereas  they  ought  to  stand  thus, 

(4) 


(5)       (?)       (7)       (I)       (2)       (8)       (4)  Ac. 


The  first  two  intervals  are  the  same  in  both.  The  two  next  will  also  agree  if  we  gotten  the  note  (7),  so  as  to 
QHike(7)b  —  (6)  =  (?  and  (1)  —  (7)b  =  t,  which  leaves  the  interval  (1)  —  (6)  the  same  as  before,  viz.  t  +  ^, 
or  a  perfect  minor  third.  The  quantity  by  which  (7)  must  be  flattened  for  this  purpose,  or(7^  -*  (7)^,  is  equal 
to  T  —  Ozsibl  —  28  =  23,  and  this  is  the  amount  by  which  in  this  case  a  note  differs  from  fla  flat.  As  to 
the  remaining  three  intervals,  the  difibrence  between  r  and  i  being  small,  amounting  only  to  S,  (which  is  the 

81 
logarithmic  representative  of  the  ratio  — ,  or  a  comma,')  the  seqoence  <  t  ^  is  hardly  distingalshable  fh>m  t  ^  ^, 

and  if  the  note  (2)  be  tempered  fiat  by  an  interval  =:  — ?--*,  or  half  a  conuna,  this  sequence  will  In  both  cases 

be  the  same,  and  our  two  scales  of  (1)  and  (4)  will  be  rendered  as  perfect  as  th?  nature  of  the  ease  will  pennil; 
by  the  interpolation  of  only  one  new  note.  But,  on  the  other  hand,  suppose  we  would  modulate  into  die  Iny  (7). 
Is  this  ease  tlie  scales  will  stand  thfis* 

(7)       (1)       (2)       (3)       (4)       (5)       (6>       (7) 
•^[tI/I^tI/t  Perfect  scale  of  (1). 

T^|^|T[f|T[^|    Perfect  scale  of  (7>. 
(1)»     (2)«     (3)      (4)8      (5)Jt     (6)Jf     (7) 
This  change  will  require  the  interpolation  of  no  less  than  five  new  notes ;  the  notes  (7)  and  (3)  being  the  oely 
gnes  that  remain  unchanged.     But  to  confine  ourselves  to  the  change  from  (6)  to  (6)t«  we  have  (7)  —  (6)  r:  v 
and  (7)  -  (6)»  ss  Q.     Consequently  (6)J(  -  (6)  =  t  -  ^  =  23  =  (7)  -  (7>b,  as  before  determined.    Bel 
since  the  whole  interval  between  (6)  and  (7),  or  (7)  —  (6X  whidi  is  =:  t  s=  51,  is  more  than  double  of  this 
quantity,  the  flattened  note  (7)b  will  lie  nearer  to  the  higher  note  (7),  and  the  sharpened  one  {fii)%  nearer  to  the 
lower  one  (6)  than  a  note  arbitrarily  iiiterpolaud  half  way  between  them,  to  aaswer  both  purposes  sppiou* 
mately,  would  do,  and  thus  a  gap,  or,  as  it  is  termed,  a  dietis,  would  be  left  between  (6)|  and  (7)k 
7be  diesis  in  this  case  amounts  only  to  a^comma  (=:  5),  or  the  tenth  part  of  a  major  Ume^  (t)  (a  &!)»  in 


(T) 
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otter  cunHwodd  be fpmter.    Biit  la  dl  osm*  tto ii^larvid  bttwecn  asy  do^  ^^^ 


'«qinl  to  thai  between  ike  sunt  note  and  HiJiaL    AaRmmi^  this  as  a  principle,  a  Tariety  of  eyetems  of  tempera* 
■Mnt  baye  been  devised  for  ptodacing  tbe  best  barmonj  by  a  system  of  SI  fizod  Sounds*  tas;.  each  note  of  the      ««»- 
aeren  in  tlie  scalet  with  its  sharp  and  flat,  (regarded  as  difoent).  2rfix^ 

The  first  and  most  celebrated  is  that  of  Hnygens.     He  soppooes  tbe  octar.e  divided  into  31  eqaal  parU.    Of  g^^Q^,  ^^ 
Ibese  a  whole  tone,  whether  r  or  t,  (for  he- makes  all  his  lofMt  equal,)  consists  of  5,  a  limma  (or  an  appnyzimatef  tbe  ocUfe. 
or  tempered  value  of  ^  s=  8,  the  interval  between  each  note  and  its  riiarp  or  flat  s  S»  and  the  diesis  s=  I.    This      249. 
gives  the  following  scale  of  intervals.  Huygeni*! 

0)  (i)«  (2)^  («)  m  i^)^  (8)  0)^  (8)»  w  w«  00^  (»)  csw  («)^  C5)  m  C7)^  (7)  (i)k  COS  o)*^**"* 

212212111212212218111 

and  by  picking  our  notes  among  these,  we  may  obtain  a  scale  approaching  extremely  near  to  a  perfect  diatonic 
scale,  whichever  we  may  choose  for  our  key-note. 

Instead  of  dividing  the  octave  into  31  equal  parts,  Dr.  Smith  proposes  to  divide  it  into  50,  of  wfridi  8  shall  con^      250. 
stitute  a  tempered  tone,  and  5  a  Hmma,  or  tempered  valoe  of  ^,  and  the  interval  between  each  note,  and  its  sharp  ^r.  Smith's 
or  flat»  shall  s  8.    This  will  give  the  sequence  of  intervals  as  below.  ijtteuu 

(1)  (1)«  (2)b  (2)  (2) Jt  (3)  V  (3)  (4)  b  (3)»  (4)  (4)«  (5)  b  (5)  (5)J{  (6)  K«)  («)  ff  (7)  KT)  (1)  b  (7)  «  (1). 

8288282        128       2882882821        2 

This  scale,  he  observes,  approximates  insensibly  near  to  what  he  terms  the  system  of  equal  harmony,  asystemt  la 

onr  opinion,  uselessly  refined,  and  founded  on  principles  for  which  the  reader  is  therefore  referred  to  his  Work  on 

fibrmomcs,  (Cambridge,  1749.) 

^   Either  system,  no  doubt,  will  give  very  good  harmony ;  but  as  on  the  piano-forte  only  12  keys  can  be  admitted,      251. 
and  as  this  instrument  is  now  become  an  essential  element  in  all  concerts,  and  indeed  the  chief  of  all,  a  tempera-  Tempers- 
ment  mttst  be  devised  which  will  accommodate  itself  to  that  condition.    Of  the  division  of  the  octave  into  12  ^^^l^f^ 
equal  parts  we  have  already  spoken.    Its  fifths  are  all  too  flat,  and  its  major  thirds  all  too  sharp ;  and  the  harmony  thepiue* 
is  equally  imperfect  in  all  keys.    But  it  has  generally  been  considered  preferable  to  preser? e  some  keys  more  free  fotie, 
from  error,  partly  for  variety,  and  partly  because  keys  with  five  or  six  sharps  or  flats  are  comparatively  little  used, 
so  that  these  may  safely  be  left  more  imperfect,  (which  Is  called  by  some  throwing  the  too//*  into  these  keys.) 
Dr.  Young  recommends  as  a  good  practical  temperament  to  tune  downwards  six  perfect  fifths  from  the  funda- 
mental note,  and  upwards  six  fiflhs  equally  imperfect  among  themselves.     Or,  as  he  observes  is  more  easily 
executed,  to  make  Uie  third  and  fifth  of  the  natural  scale  perfectly  correct,  to  interpose  between  their  octaves  the 
second  and  sixth,  so  as  to  make  three  fifths  equally  tempered,  and  to  descend  from  the  key-note  by  seven  perfect 
fifths,  which  will  complete  the  scale.  (Lectures  on  Natural  Philosophy^  vol.  L  lect  83.)  ; 

The  system  called  by  Dr.  Smith  that  of  mean  tones,  or  the  vulgar  temperament,  supposes  the  octave  divided  ^   *a2. 
into  five  equal  tones  and  two  equal  limmas,  succeeding  each  other  in  the  order  aafiaaafi  instead  oi'rtOttT%  J^^l^^ 
as  in  the  diatonic  scale,  and  such  that  the  third  shall  be  perfect  and  the  fifth  tempered  a  little  flat,    lllese  con-  or  valsir 
ditions  suffice  to  determine  «  and  )3,  for  we  have  tempers- 

6  a  +  2/3  =  1  ocUve=2  3  T-f  2<  -f  2^,  "•"* 

2  a  =1  third  =2  t  -f /, 

and  consequently  o  =2  ^-^— ;  /3  =  ^  -j-  ^-^; 

or,  (since  t  -|-  ^  =:  09691,  and  r  —  t  =:  00540,)  a  =  04845  and  /3  £=r  02938.    And  since  the  interval  from  the 

T  —   < 

first  to  the  fifth  of  the  scale  m  this  system  i8  =  8a  +  i9s32T4>-^4-^ >7^,  it  appears  that  this  is  flaiUr 

4 
than  a  perfect  fifth  by  the  quantity  ^  (7  —  <),  or  a  quarter  of  a  comma.     In  this  system  the  sharps  and  flats  may 
be  inserted  by  Insecting  the  larger  intervals. 

\    Mr.  I^ogier  has  lately,  in  a  Work  of  great  practical  utility  and  very  extensive  circulation  among  musical       258* 
students,  endeavoured  to  place  the  interpolation  of  the  intermediate  notes  between  those  of  the  natural  scale  on  Logier 
d  priori  grounds,  by  assuming  the  flat  seventh  (7)b  as  the  seventh  harmonic  of  the  fondamental  note  (1),  that  is  lyttemof 
to  say,  the  note  produced  by  subdividing  into  seven  equal  parts  the  length  of  a  stHng  whose  fundamental  tone  l^^^iaoBy 
is  (1),  or  at  least  one  of  the  octaves  of  that  note.    There  is  something  ingenious  in  this  idea.     In  the  first  place 
it  completes  the  series  of  the  10  first  harmonics  or  notes,  whose  vibrations  are  moltiples  by  1,  2,  8,  4,  5,  6,  7, 
8,  9,  10,  of  those  of  the  fondamental  tone,  which  would  thus  be,  in  their  order,  (1),  (1),  (5),  (1),  (3),  (5),  (7)b, 
(1)>  (2),  (3),  or  octaves  of  these,  and  thus  derives  five  out  of  the  twelve  notes  of  the  octave  f^om  one  uniform 
principle.     Again,  it  gives  something  like  a  plausible  reason  for  the  prominent  importance  of  the  chord  of  the  flat 
seventh  (see  Art.  230.)  in  music.    This  chord,  in  fact,  which,  if  we  take  (1)  for  a  fondamental  note,  consists  of 
the  notes  (1),  (3),  (5),  (7)b,  becomes  in  this  point  of  view  a  perfect  concord^  consisting  entirely  of  harmonics  of 
(1),  and  its  pulses  will  succeed  each  other  on  the  ear  in  a  cycle  comprising  four  vibrations  of  the  fimdamental 
tone  (I),  five  of  the  next  (3),  six  of  the  next  (5),  and  seyen  of  the  essential  note  (7)^,  as  represented  in  fig.  35. 
The  succession  of  pulses  in  the  common  chord  is  also  represented  in  the  same  figure,  and  its  regularity  and 
pleasing  variety,  even  to  the  eye,  explains  its  agreeable  effect  on  the  ear.     It  Is  for  musicians  to  say,  whether 
they  can  make  up  their  minds  to  regard  the  discord  of  the  seventh  in  the  light  of  a  perfect  concord  orno.  There  is 
certainly  nolfhing  at  all  diecordant  in  the  vulgar  sense  of  the  word,  I.  e*  unpleasant  in  its  Sound,  and  so  finr  it  may 
be  regarded  as  at  least  **  discordia  doncen^  but  so  far  from  possessing  the  essential  character  of  a  concord,  that 
tha  ear  is  satisfied  in  heariag  il#  and  expects  and  desires  no  more ;  there  is  no  discord  which  calls  so  argeatly  for 
resolution.    But,  although  it  be  true,  that  tha  seventh  harasoaic  of  tha  foadamcvtal  note  lisa  beiwesA  its  \ 
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■eveoth  and  iti  oetUTe,  (it  muni  Ke  somewhere,)  yet,  in  fmct,  it  it  materiany  too  flat  a  Soaiid  to  be  used  ae  m  good  flat 
seventh  (7)^.  Its  actual  Sound  coincides  niudi  more  neariy  with  the  (6)11  of  Ifuygens  and  Smith ;  and  this 
defc  :t,  tlioufi^h  it  mi^bt  be  tolerated  in  quick  compositions,  and  especially  in  piano-forte  music  where  the  tiotes 
are  not  held  on,  but  demde  rapidly  in  intensity,  would  be  at  once  felt  in  a  slow  piece  oo  the  organ.  It  it 
still  worse  if  we  derive  from  U^  by  a  similar  process,  the  intermediate  note  between  (5)  and  (6),  or  (6)b,  and 
thence  again  (5)b,  and  complete  the  chromatic  scale  of  twelve  notes  by  deriving  (3)b  according  to  the  same 
principle  from  (4),  and  (2)b  from  (8)b,  according  to  Mr.  Logier's  system  as  laid  down  by  him.*  The  (2)^ 
thus  derived  would  hardly  be  distinguished  from  (1)  natural,  or  the  (5)b  from  (4)  natural^  as  the  following 
scale  will  sliow.  where  the  firactions  represent  the  ratios  of  the  vibrations  of  the  notes  above  them  to  those  of  the 
fundamental  tone  (1). 

(I).    (2)b,    (2),    (3)b,    (3),     (4),    (5)b,    (5),    (6)b,    (6),     (7)b,    (7),     (8). 

Sevenths,  then,  tuned  on  Mr.  Logier's  principle,  will  require  a  much  more  violent  temperament  than  either  fifths 
or  thirds,  either  of  which  might  be  used  as  a  means  of  introducing  the  intermediate  notes ;  and  the  system  must 
in  consequence  be  abandoned,  as  must  every  system  which  professes  to  render  musical  arithmetic  any  thing  mora 
than  a  matter  of  convention  and  approximation. 

We  annex  here,  for  comparison,  a  Table  of  the  logarithmic  values  of  the  intervals  from  (1)  the  fbndamenta! 
tone  to  all  the  other  notes  in  the  several  scales  of  21,  or  of  12  notes,  according  to  the  different  systems  and 
principles  above  mentioned. 

The  numbers  marked  thus  (*)  are  what  would  be  g^ven  by  pushing  the  application  of  Mr.  Logiei^s  principle 
through  the  whole  seale,  and  are  inserted  only  to  show  the  rapid  progressive  efiect  of  flattening  by  a  series  of 
untempered  harmonic  sevenths. 
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50 

49 

49 

51 

49 

68 

48 
66 

49 

(2)«  =  (S)b 

,— 

.i_ 

.. 

74 

78 

75 

74 

74 

67 

73 

(3)l» 

78 

78 

(3) 

i 

09691 

97 

97 

97 

100 

98 

97 

97 

97 

96 

98 

(4)!. 

• 

107 

108 

(3)if 

117 

114 

(4) 

i 

12494 

125 

125 

126 

125 

125 

125 

125 

126 

126 

125 

(4)3 

146 

144 

(4)it  =  (5)1, 

^ 

_iM 

«. 

150 

150 

151 

148 

148 

127* 

150 

(5)1, 

155 

157 

(5) 

i 

17609 

176 

176 

175 

176 

175 

176 

176 

175 

175 

176 

(-1)4 

194 

193 

(5)!f  =  (6)1, 

m^ 

_« 

_ 

199 

199 

201 

199 

199 

185* 

199 

(6)b 

204 

205 

(«) 

i 

22185 

222 

222 

223 

226 

224 

224 

222 

223 

223 

224 

(6)» 

243 

241 

(6)jf  =  (7)b 

_ 

_ 

.... 

247 

247 

251 

250 

250 

248 

248 

(7)b 

252 

253 

(7) 
(8)b  =  (1)1, 

V 

27300 

273 

273 

272 

276 

273 

273 

273 

272 

271 

278 

282 

283 

(7)J 

291 

289 

(6)  =  (1) 

2 

30103 

301 

301 

301 

301 

301 

301 

801 

801 

301 

801 

Comma  . . . 

u 

00540 

H 

Limma  =  0 

ii 

02803 

28 

Minor  tone^ 

V 

04576 

46 

Major  tone  T 

05115 

51 

Minor  third 

t 

07918 

79 

Major  third 

4 

09691 

97 

Fourth .... 

i 

12494 

125 

Fifth 

i 

17609 

176 

•  Sjfgtem  oftKe  Science  of  MuHe  <md  PraeHcai  Compoiition,  p.  50.    We  should,  howerer,  nrntk  that  the  powerful 
of  the  chord  of  the  fat  seventh  ia  necessarilj  much  augmeuted  by  tuning  the  (7)b  too  flat 
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The  last  column  contains  a  scale  derived  by  takings  the  mean  of  all  those  in  the  other  columns  which  differ  fn    Pbrt  IL 
^  the  principle  of  their  origin,  (excepting  those  in  the  tenth  column*  for  obvious  reasons.)     It  approaches  through  v«»^^nkP^ 
its  whole  extent  so  near  to  the  system  of  mean  tones  in  col.  6,  as  to  be  quite  undistinguishable  from  it ;   the       255. 
deviation  in  no  ease  exceeding  a  single  unit,  or  a  fiflieth  part  of  a  tone.    This  system,  then,  though  the  most  inarti-  Remarks, 
(icial,  is  probably  as  good  as  any  which  the  nature  of  music  admits,  holding  a  sort  of  mean  between  the  advan- 
tages and  defects  of  all  the  rest.     Consult  on  Temperament  and  on  Musical  Scales,  Salinas,  de  Musicd^  (1577 ;) 
Zarlino,  Dimoslrazione  Armoniche,  and  Istiiuxione  Armoniche ;  Deschales,  Curnu  Mathemaiicua  de  Progrenu 
Musico;  Sauveur,  Mem,  Acad:  Par.   1700;  Smith,  Harmonica;  Pepuscb,  PhiL  Trans.  Lond.  1746;  Farey, 
Phil.  Mag.  xxviii. ;  Young's  Lectures  and  his  Catalogue  of  Authors  in  vol.  ii. 

For  one  purpose,  that  of  explaining  to  beginners  the  notes,  intervals,  and  rules  of  music,  the  system  of  equal       256. 
temperament,  which  supposes  the  octave  divided  into  12  equal  parts,  which  in  this  system  only  are  really  semi-  Expression 
tones,  has  the  advantage  of  avoiding  all  discussions  and  puzzling  explanations  on  the  nature  of  harmony,  as  it  oftheprio- 
makes  all  intervals  which  are  called  by  the  same  name  strictly  alike.     Regarding  the  octave  as  consisting  of  P'P*^  chords 
12  semitones,  and  designating  its  notes  in  succession,  beginning  with  the  fundamental  note,  by  0,  1,  2,  3,  4, 5,  6,  numbera.****^ 
7,  8,  9,  10,  11,  12,  &c.  it  will  not  be  amiss  if  we  write  down  in  this  notation  the  principal  scales,  chords,  &c. 
which  occur  in  music. 

Chromatic  scale 0,    1,    2,    3,    4,    5,    6,    7,    8,    9,  10,  11,  12.  Notation  of 

Diatonic  scale 0.  2,  4,    5,  7,         9,         11,12.  chromatic 

Minor  scale  ascending 0.  2,    3,  5.  7.  9,         11,  12.«  explaSd 

Minor  scale  descending 12,         lU,  8,    7,  5,  3,  2,    0. 

Common  major  chord 0,    4,  7, 

Minor  chord 0,    3,  7, 

Fundamental  discord  of  the  flat  seventh  .  0,    4,  7»        10. 

Chord  ofthe  added  sixth  (I^gier,£j?.  117.)  0,    4,  7.  9. 

Chord  of  the  ninth 0,    2,  4,  7. 

Minor  chord  with  added  sixth 0,    3,  7,  9. 

Diminished  seventh   ]^t    d»  C»  9. 

Chord  of  the  sharp  sixth  (Logier,  Ex.  197.)  0,    2,  6,         8. 

These  are  all  the  chords,  consisting  of  four  different  notes  (or  tetrachords)  in  common  use  in  music    As  to      ^257. 
pentachords,  such  as  what  have  been  called  the  major  and  minor  ninth,  and  compound  sharp  sixth,  whose  notes  Tnads, 
are  respectively  0,  2,  4, 7,  10  ;  0,  1,  4,  7,  10,  and  0, 4, 6, 7, 10,  (Logier,  Ex.  212, 158,  and  202.)  they  are,  in  fact,  tetrachords, 
only  chords  of  the  seventh  (0,  4, 7,  10)  with  a  fifth  note  violently  forced  in ;  the  effect  being  to  distract  the  ear  by  P«n^hords^ 
a  harsh  discoid,  out  of  which  it  is  but  too  glad  to  escape,  to  be  very  nice  about  its  resolution.    In  like  manner  the  chords.***" 
pentachord  0, 2,  5, 7, 1 1 ,  or  the  chord  of  the  eleventh,  is  the  chord  of  the  seventh  accompanied  by  the  sub-dominant  of 
its  radical  note,   and  thus  anticipating  its  resolution ;  as  is  easily  seen  by  adding  5  to  each  of  its  component 
numbers,  when  it  becomes  5, 7, 10, 12,  16,  or,  which  is  the  same  thing,  5, 7, 10, 0, 4,  or  0,  4, 5, 7, 10,  (since  the 
addition  or  subtraction  of  12  semitones,  or  an  octave,  does  not  alter  the  character  of  the  Sounds ;)  and  in  the 
same  way  may  other  pentachords  be  formed,  as  0,3,  4, 7, 10 ;  0, 4,  7,8, 10  ;  {Ex.  dementi's  Sonatas,  Op.  22. 
son.  1.  bars  68,  69.)  0, 4, 7, 9,  10.     As  to  such  combinations  as  the  hexachord  0,  2,  5,  7, 9, 11,  or  *'  the  chord  of 
the  13th,"  (Logier,  Ex.  273.)    in  which  only  one  note  of  the  whole  natural  scale  (4)  is  wanting,  they  are 
abominable  jangles,  as  offensive  to  a  simple  and  unvitiated  ear,  as  the  mixed  flavours  and  haul-gouts  of  the 
palled  epicure  are  to  an  appetite  not  spoiled  by  artificial  excitement 

The  reader  who  would  try  these  chords  on  the  piano-forte,  has  only  to  place  his  finger  on  any  black  or  white  258* 
key  as  a  radical  note,  and  also  on  the  keys  distant  from  that  one  by  the  numbers  of  semitones  (reckoning 
upwards)  marked  in  the  designation  of  the  chord  as  above.  Thus  to  produce  the  chord  of  the  sharp  sixth 
having  Db  for  its  radical  note.  The  note  0  corresponds  to  Db,  2  to  Eb,  6  to  Gb,  and  8  to  Ab,  which  are,  there- 
fore, the  notes  to  be  struck  together,  (to  whatever  octaves  of  the  instrument  thej  may  be  afterwards  transferred, 
as  the  rules  of  composition  may  dictate,)  and  so  of  others. 

Any  of  these  chords  is  said  to  be  inverted,  when,  instead  of  taking  0  for  the  initial  note,  we  regard  any  other       259. 
of  its   component  Sounds   as  such.      On  the  system   of  notation  here  employed,  (which  we  will  term   the  InTenton* 
system  of  Chromatic  numbers  to  distinguish  it  from  those  in  Art.  234,  to  which  the  term  Diatomc  numbers  may  be  ^  ^  chord., 
applied,)  nothing  is  easier  than  to  represent  the  inversions  of  any  chord.    Take,  for  instance,  the  major  concord, 
0,  4,  7.    The  addition  of  12  (the  octave  of  0)  does  not  change  the  chord ;  so  that  it  may  be  written  thus, 
0, 4,7, 12,  or,  leaving  out  .the  first  note,  and  adopting  4  for  the  initial  note,  4, 7,  12.     If,  now,  we  choose  to 
regard  the  note  4  as  an  initial  one,  and  count  upwards  from  it,  we  have  only  to  subtract  4  from  each  of  these 
numbers,  and  we  get  0, 3, 8  for  a  first  inversion.    Appending  12  to  this  again,  and  rejecting  the  initial  0,  it 
becomes  3,  8,  12,  from  each  of  which  numbers  subtracting  3  we  get  the  second  inversion,  0,  5,  9.     If  we  repeat 
the  same  process  on  this  we  fall  back  on  the  original  combinatiois.    Thus  we  see  that  this  chord  admits  of  only 
two  inversions.    Again,  suppose  we  would  find  the  inversions  of  the  chord  of  the  added  sixth,  or  0,  4, 7,  9.    The 
process  will  stand  thus : 

*  8^  U|  12,  according  to  Logier  and  others.    FUei  on  this  point,  Weber's  excellent  and  scientific  work,  TvnaeiMkmui. 
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0,4,7,9, 1« 
4,  7,  9,  rt 
4,4,4,  4 
0,  8,  5,    6        Ist  inversion. 

3,  5,    8,  12 

3,8,    8,    8 

0,  2,    &,   9        3d  invenicm. 
2,    &,    9,  12 
2,   ai   2,   2 

0,    8»   7,  10        U  ifivenioo. 
g,    7,  10, 12 
>,    8.   »,   8 

Original  chord  again. ...     0,    4,    7,   9 

Thus  we  see  that  this  chord  admite  of  three  distinct  inversions.  In  general,  a  triad  admits  of  three  forms,  or 
one  original,  and  two  inversions,  a  tetrachord  of  4.  a  penUchord  of  5,  and  so  on  ;  though  it  may  happen,  as  in 
the  case  of  the  triad  0,4,8,  or  the  tetrachords  0,2,6,8,  and  0,8,6,9,  that  mmie  or  aH  of  the  inversiooi 
Iieproduce  the  original  chord.  ^    ^ 

•If  we  go  through  the  same  process  for  other  triada  and  tetrachordSf  we  get  their  mveraions  as  follows: 

Triadi. 


Major  concord 

Minor  concord 

Equivocal  triad,  or  double  third. 


Ittfomijor 
radical. 


0.  4,  7 
0,  8,  7 
0,  4.8 


2d  form,  or 
Istiaversion 


0,  8,  8 
0.  4,  9 
0.  4,  8 


3d  form,  or 
2d  inversioB 


0,  5,  9 
0,  &,  8 
0,  4,  8 


TetrachordM. 


Seventh ••  • 

Added  sixth 

Ninth 

Minor  added  sixfh 

Triple  fifth 

Diminished  seventh. ..  •  < 
Sharp  sixth 


Ittform., 


0,  4,  7,  10 

0,  4,  7,    9 

0,  2,  4,    7 

0,  8.  7,    9 

0,  2,  7,    9 

0,  8,  6,    9 

0,  4,  6,  10 


2dfbm. 


0,  8,  6,  8 

0,  8,  5,  8 

0,  2,  5,  10 

0,  4,  6,  9 

0,  5,  7,  10 

0,  8,  6,  9 

0,  2,  6,  8 


3d  form. 


0,  8,  5,  9 

0,  2,  5,  9 

0,  8,  8,  10 

0,  2,  5,  8 

0,  2.  5,  7 

0,  8,  6,    9 
0.  4,  e,  10 


4th 


0,  2,  6,    9 

0,  8,  7.  10 

0,  5,  7,    9 

0,  8,  6,  10 

0,  8,  5,  10 

0,  8,  0,    9 

0,  2,  5,    8 


Peniaekordi. 


Ml. 

Bcmirks. 


Aliquot 
division  of 


Minor  ninth  (Logier, 

Utform. 

2d  form. 

SdfMIB. 

4(hrona. 

Sthfem. 

Ex,  158.) 

0.  1.  4,  7.  10 

0,  S,  6,  9,  11 

0,8,6,8,    9 

0,3.6,6.    9 

0.  2,  8,  6.    9 

Compound        sharp 

sixth  (Log.E-r.202) 

0,  4,  6,  7.  10 

0,  2,  8,  9,    8 

0.  1,  4.  6,  10 

0,  S,  6,  9.  11 

0.  S,  6.  8.    9 

Major  ninth    (Log. 

JE:j.212) 

0.  2»  4.  7,  10 

0,  2,  5,  8,  10 

0,  8,  6,  8,  10 

0.8,6,7,    9 

0,  S.  4«  6.   9 

Eleventh  (Log.  Ex. 

267) 

0,  4,  6.  7.  10 

0.  I,  S.  6,    8 

0,  2,  5,  7,  11 

0,  8,  5.  9,  10 

0,2,6,7,    9 

These  chords,  thus  figured  and  arranged,  nilbrd  room  for  some  remarks  of  frnporCanea  In  the  first  place  we 
observe  lliat  they  all,  with  the  exception  of  the  triad  0,  4,  8,  and  the  tetrachords  0, 2,  6,  8,  and  0,  8,  6,  9, 
contain  a  major  or  minor  concord,  0, 4, 7,  orO,  3, 7.  This  seems  necessary  to  give  any  chord  adedded  character; 
for  the  excepted  cases  above  specified  have  all  an  equivocal  effect  and  leave  the  ear  in  suspense  whither  the 
modulation  will  lead.  For  with  respect  to  the  chords  0,  4,  8,  and  0,  3,  6,  9,  they  divide  the  octave  equally,  the 
one  into  three  major  thirds,  the  other  into  four  minor,  as  is  immediately  seen  if  we  write  them  thus,  0,  4,  8,  12, 
theocUTc  and  0,  3,  6,  9,  12.  In  consequence,  all  their  inversions  are  similar  to  the  original  chords,  and  they  ure  equally 
related,  the  former  to  three,  and  the  latter  to  four  different  keys,  and  may  lead  into  either  of  them,  according  as  a 
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^     note  added  so  as  to  form  a  dominant  serenth,  or  anticipatiTe  aub-dominant,  or  some  other  powerful  leading    p«rt  1L 
^^' interval,  or  with  either  of  their  component  notea»  shall  decide.    This  is  one  mode  of  conceiving  the  chord  of  the  <^»s/^^ 
minor  ninth,  which  may  be  either  regarded  as  a  chord  of  the  seventhf  with  the  first  semitone  1  added,  (as  m  its 
first  form  above,)  or  as  a  diminished  seventh,  0, 3, 6, 9,  with  the  note  11  added,  as  in  the  first  inversion,  with  8  as 
in  the  second,  or  with  2  as  in  the  third,  either  of  which  makes  a  flat  seventh  with  one  or  other  of  its  notes. 

The  transitions  thus  produced  by  means  of  the  tetrachord  0, 3,  6,  9,  are  peculiarly  graceful.     It  is  otherwise       868. 
with  the  equivocal  triad  0,  4, 8,  which  is  essentially  harsh  and  unpleasing,  (in  spite  of  the  perfect  harmony  Equivocal 
which,  if  we  were  to  leave  out  the  octave  and  tune  its  thirds  perfect,  its  members  must  produce  with  each  other,  chunk, 
since  it  would  be  in  that  case  an  absolute  concord.)     Whether  this  chord,  or  that  which  we  have  called  the 
trt]de  fiflh,  has  ever  been,  or  can  be,  used  In  music,  we  know  not,  though  perhaps,  properly  handled,  it  might 
become  a  source  of  modulation ;  which,  however,  ia  for  praelieal  musicians  to  consider. 

The  chord  of  the  sharp  siiLth  0, 2,  <K,  8  ia  also  equivocal,  arising  fit>m  a  double  aliquot  division  of  the  octave,       868 
and  the  two  last  of  its  inverted  forms  being  therefinre  merely  repetitions  of  the  two  first     Like  the  diminished  Relttioas 
seventh,  then,  it  holds  the  ear  in  suspense,  till  the  addition  of  another  note  decides  the  course  the  modolatioo  shall  «||^'^!||^  • 
take,  and  the  chord  so  arising  is  the  compound  sharp  sixth.  (See  the  inversions  of  this  latter  chord  compared  with  chords  and 
those  of  the  former.)  pcDtachordt 

In  like  manner  the  mcQor  ninth  contains  both  a  ninth  and  a  seventh,  though  not  the  other  acoompanimenta  of 
the  seventh.  The  tetrachord  which  (for  want  of  another  name,  we  have  called  the  minor  added  sixth,  from  its 
being  a  minor  concord  with  a  sixth  added)  is  rdated  to  this  compound  ninth  in  the  same  way  as  has  just  been 
pointed  out  with  respect  to  the  diords  of  the  diminished  seventh  and  minor  ninth,  and  to  those  of  the  sharp  sixth 
and  compound  sharp  sixth  ;  the  character  of  the  tetrachord,  which  is  undecided  of  itself,  and  admits  of  more  than 
one  resolution,  being  determined  by  the  note  added  in  the  pentachord  so  as  to  form  a  dominant  seventh  with  some 
one  or  other  of  its  other  members. 

The  chord  of  ihe  eleventh  offers  room  for  a  remark  analogous  to  what  we  have  before  observed  (Art.  868.)       864. 
respecting  the  equivocal  triad  0, 4, 8.    It  contains  withm  itself  three  fifths  and  a  major  third ;  as  is  obvious  if  we  ^^^  ^^ 
take  its  fifth  form  0, 8, 6, 7,  9,  and  transfer  the  notes  8,  6,  and  9  to  the  next  octave  above,  when  it  will  become  ^'J^^ 
0, 14, 18, 7, 21,  or  0, 7, 14, 18, 21.    The  notes  0, 7, 14, 81,  in  this  arrangement,  make  fifths  with  each  other,  and 
the  note  18  forms  with  14  a  migor  third;  i(  then,  the  intervals  were  tuned  perfect,  their  vibrations  would  succeed 
each  other  in  a  regular  cycle,  but  if  the  cycle  formed  by  two  perfect  thirds,  which  requires  only  85  vibrationa 
of  its  highest  note,  or  16  of  its  lowest  to  complete  it,  is  too  complex  for  the  ear  to  relish,  the  cycle  of  three  perfect 
fifths,  which  requires  27,  will  already  be  too  oomi^ex ;  and  if  we  add  to  this  a  major  thirds  the  ear  will  lose  all 
ense  of  recurrence,  and  only  discord  will  result. 

But  to  place  this  in  dearer  evidence,  we  need  go  no  further  than  the  chord  of  the  ninth,  which,  when  written       g^^ 
tlius,  0, 4, 7, 14,  manifests  a  major  third,  (0, 4,)  a  fifth,  (0, 7,)  and  a  doable  fifth,  (0, 7  +  7,)  of  the  fimdamental  chonb  oT 
note,  and  therefore,  if  tuned  perfect,  would  excite  a  sense  of  perfect  concord,  were  not  the  period  of  recurrence  of  th«  ninth 
the  vibrations  too  long  for  the  ear  to  seize ;  and  a  similar  remark  applies  to  the  discord  of  the  seventh,  which  consists  u^  mrmA 
of  a  major  third,  a  fifth,  and  a  double  fourth,  firom  the  fimdamental  tone  (0,  4,7,  5  +  &.)     It  may  be  that  the  ^^^P^ 
harshness  of  the  triad  0,  4,  8,  and  of  the  tetrachord  0,  2,  7, 9,  the  former  consisting,  if  tuned  perfect*  of  a  third 
and  double  third,  the  latter  of  a  fifth,  a  double  fifth,  and  a  triple  fifth,  may  arise  from  an  imperfect,  or  obscure, 
and  therefore  nnsatisfiictDry,  perception  of  the  cycles  of  their  vibrations  by  the  ear,  the  fonner,  as  before 
remarked,  occupying  85,  and  the  latter  87,  siBgle  vibraticms  of  tho  highest  noie.    But  H  is  time  to  leave  these 
speculations. 

§  Y.  Of  the  SonorouM  VibraHont  ofBart^  Rode^  mnd  Plaiee 

The  vibrations  of  sdl  bodies,  if  of  a  proper  degree  of  finqpency,  and  of  siifReient  force  to  be  eoimminfeated  ^^ 
through  the  air,  or  any  other  intermedium,  to  our  oigans  of  hearing,  prodnee  Somids  whose  pitch  depends  on 
their  fi-eqnency ;  and  thenr  force  and  quality  on  the  extent  and  other  mechanical  eirramstances  of  the  vibrations, 
and  the  nature  of  the  vibrstting  body.  The  mathematieal  investigation  of  these  vibratory  motions  is  altogether 
forngn  to  oar  purpose.  It  is  a  bmm^,  and  one  of  the  most  intricate  and  least  mtauLgeMe  branches,  of 
Dynamics,  and  we  shall,  therefore,  refer  our  readers  for  its  theory  and  details  to  the  writings  of  the  rarioiis 
eminent  authors  who  have  discussed  it  See  Bemouilli,  Com.  Petrop,  vol.  xiH.  On  the  Vibrations  of  Lamins ; 
and  Nov.  Com.  Potrop.  vol.  xv. ;  Euler,  Com.  Petrop.  vol.  vii.,  Nov.  Com.  vol  xviL,  and  Ad.  Petrop.  vol.  iii.  nift|„,f. 
On  the  Vibrations  of  Plates ;  Riccati,  Soc.  Hal.  vol.  i.  p.  444 ;  Lexell,  On  the  Vibrations  of  Rings,  AcL  Petrop. 
1781 ;  Lambert,  On  the  Sounds  of  Elastic  Bodies,  N.  Act  Hdv.  vol.  i. ;  J.  Bemouilli,  On  the  Vibrations  of 
RccUngnlar  Plates,  N.  Act,  Petrop.  1787 ;  Biot,  On  the  Vibrations  of  Snrfoces,  Mem.  Imi.  vol.  iv. 

A  solkl  body  may  vibrate,  either  in  consequence  of  Its  inherent  elasticity,  by  which  it  tends  to  retnm  io  its  own       267 . 
pcoper  figure  and  state  when  forcibly  denmged,  or  in  consequenee  of  an  external  teonon.    To  the  former  sort  of  vuioai 
vibrations  belong  tiiose  of  rods,  tuning-forks,  plates,  rings,  bells,  gongs,  and  vessels  of  all  shapes,  or  g^erally,  wtyt  io 
of  all  solid  masses  which  ring  when  struck.    To  the  latter,  those  of  vibrating  strings  and  membranes,  such  as  ^^}^^ 
the  pardnnent  of  a  dmm  or  tambonrin,  Ac.     Bnt,  fiirther,  a  sdid  may  vibrate  by  its  own  proper  elasticity  in  '^^^^ 
two  very  different  ways.    Firet,  an  undulation  may  be  propagated  through  it,  as  tfmmgfa  an  elastic  compressible  ^ 
medium,  and,  in  this  case,  the  waves  will  consist  of  alternate  strata  of  condensed  and  rarefied  solid  matter, 
precisely  similar  to  those  of  an  elastic  fluid.     If  the  solid  be  homogeneous,  such  as  the  metals,  glass,  &c.,  the 
elasticity  being  the  same  in  all  dirtctkms,  the  waves  will  be  propagated  from  Uie  centre  of  distnibanoe,  according 
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Sound,     to  exactly  the  same  laws  as  in  a  mass  of  air  of  the  same  shape.     But  if  crystallized,  this  may  not  be  the  case,  or    PvtH 
v^a-v*-^  the  vibrations  instead  of  being  in  the  direction  of  the  propagated  wave,  may  be  transverse,  or  obfique  to  it,  or 
may  even  not  be  confined  to  one  plane,  but  may  be  performed  in  drcles  or  ellipses.     See  Article  Light. 
268  ^^  ^  straight  rod  of  glass,  or  a  metal,  to  be  struck  at  the  end  in  the  direction  of  its  length,  or  nibbed 

tongitudi'^  lengthways  with  a  moistened  finger,  it  will  yield  a  musical  Sound,  which,  unless  its  length  be  very  great,  will  be 
iial  vibrt-  of  an  extremely  acute  pitch ;  much  more  so  than  in  the  case  of  a  column  of  air  of  the  same  length.  The  reason 
tionsofa  of  this  is  the  greater  velocity  with  which  Sound  is  propagated  in  solids  than  in  air.  Thus  the  velocity  of 
ftraight  rod.  propagation  in  cast-iron  berog  lOj^  times  that  in  air,  a  rod  of  cast-iron  so  excited  will  yield  for  its  fundament^ 

note  a  Sound  identical  with  that  of  an  organ  pipe  of  ^  of  its  length  stopped  at  both  ends,  or  ^  of  its  lengtii 

if  open  at  one  end.  See  §  III.,  all  the  details  of  which  are  applicable  to  the  present  case.  To  such  vibrations, 
Chladni,  who  first  noticed  them  in  long  wires,  has  applied  the  term  longitudinal  (Art  Acad,  Erfiirt,  1796.)  To 
produce  the  harmonics  of  such  a  rod  or  wire  he  held  it  lightly  at  the  place  of  one  of  its  intended  nodes  between 
the  finger  and  thumb,  and  applied  the  friction  in  the  middle  of  one  of  the  vibrating  segments.  If  the  rod  be  of 
metal,  the  friction  which  he  found  to  succeed,  was  that  of  a  bit  of  cloth  sprinkled  with  powdered  rosin,  if  of 
glass,  the  cloth,  or  the  finger,  may  be  moistened  and  toached  with  some  very  fine  sand  or  pumice  powder.  It 
may  be  observed  here,  that,  generally  speaking,  a  fiddle-bow  well  rosined  is  the  readiest  and  most  convenient 
means  of  setting  solid  bodies  in  vibration.  To  educe  their  gravest  or  fundamental  tones,  the  bow  must  be 
pressed  hard  and  drawn  slowly,  but  for  the  higher  harmonics,  a  short  swift  stroke  with  light  pressure  is  most 
proper.  In  all  cases  the  point  intended  to  be  a  node  must  be  lightly  touched  with  the  finger,  and  the  vibration 
must  be  excited  (as  above  said)  in  the  middle  of  a  ventral  segment.  Such  is  the  case  analysed  by  Chladni.  In 
general,  however,  the  vibrations  of  &  cylindrical  rod  or  tube  so  excited  are  more  complex.  ^  See  Art  286,  Index, 
Art.  Longitudinal  Vibrations. 

But  by  fiir  the  most  usual  species  of  vibration  executed  by  solid  bodies  is  that  in  which  their  external  form  is 

^^»a^    forcibly  changed,  and  recovered  again  by  their  spring.     The  simplest  case  is  that  of  a  rod  executing  vibrations 

vibratioDrot  to  and  fro  in  a  direction  transverse  to  its  length,    lliis  case  has  been  investigated  mathematically  by  D.  Ber- 

a  rigid  rod.  nouilli  and  Euler,  as  also  by  Riccati ;  (see  the  list  of  authors  above  dted.  Art  266 ;)  and  their  results  have  been 

compared  with  those  of  experiment  by  Chladni,  AcouH.  sec.  5,  and  found  correct    The  cases  enumerated  by 

Chladni  are  six  in  number. 

1.  When  one  end  of  the  rod  is  firmly  fixed  in  a  vice  or  let  into  a  wall,  the  other  quite  free.  In  this  case  the 
curvature  assumed  by  the  rod  in  its  vibrations  must  of  necessity  have  its  axis  or  position  of  rest  for  a  tangent,  as 
fig.  36. 

.  2.  One  end  applied  or  pressed  perpendicularly  against  an  obstacle,  the  other  free.  In  this  case,  the  esrctcr- 
iiont  of  the  applied  end  to  and  fro  are  prevented  by  the  firiction  and  adhesion  to  the  obstacle,  but  the  axis  is  not 
of  necessity  a  tangent  See  fig.  37. 

8.  Both  ends  free.  Fig.  38. 

4.  Both  ends  applied.  Fig.  39 

5.  Both  ends  fixed.  Fig.  40. 

6.  One  end  fixed,  the  other  applied.  Fig.  41. 
All  these  cases  have  been  exammed  by  Chladni  at  length.     We  shall,  however,  select  only  the  fourth  case 

where  both  ends  are  applied,  because  it  will  afibrd  room  for  an  important  remark.    In  this,  then,  the  several  modes 

tion  of  ono  Qf  vibration  corresponding  to  1, 2,  3,  4,  5  vibrating  or  ventral  segments  of  the  rod  will  be  as  in  figs.  39,  43, 44. 

Fijs  39  43  ^^^  ^^*^®  ^^^  similar  to  the  curves  which  would  be  assumed  by  a  vibrating  string  under  the  same  circum- . 

44^  '  *  *  stances  of  subdivision.  But  the  notes  produced  are  very  different.  For  whereas  in  the  case  of  a  string  the 
vibrations  of  the  successive  harmonics  are  represented  by  1, 2, 3, 4,  &,  &c. ;  in  that  of  a  rod  they  arc  represented 
by  the  squares  of  these  numbers  1, 4, 9,  25,  &c.,  which  correspond  to  double  the  former  intervals.  In  all  the  other 
cases  the  series  is  still  less  simple. 

This  alone  suffices  to  shew  the  insufficiency  of  any  attempt  to  establish,  as  some  have  wished  to  do,  the  whole 
theory  of  harmony  and  music  on  the  aliquot  subdivision  of  a  vibrating  string.  Had  vibrating  rods  or  steel 
springs  (which  yield  an  exquisite  tone)  been  always  used  instead  of  stretched  chords,  such  an  idea  would  never 

of  harmony,  y^^^^  suggested  itsfclf,  yet  no  doubt'  our  notions  of  harmony  would'  have  been  what  they  now  arc.  The  same 
remark  applies  still  more  forcibly  to  the  modes  of  subdivision  of  vibrating  surfaces,  which  in  many  cases  have 
their  harmonics  altogether  irreducible  to  any  musical  scale. 

A  rectangular  plate  may  be  regarded  as  an  assemblage  of  straight  rods  of  equal  length,  ranged  parallel  to  eadi 
other.  Supposing  such  an  assemblage  all  set  in  vibration  similarly  and  at  once,  they  will  retain  their  parallel 
juxtaposition  during  their  vibration,  and  may,  therefore,  be  supposed  to  adhere,  and  form  a  plate.  Consequently, 
among  the  possible  series  of  vibrations  of  a  rectangular  plate  will  be  found  all  those  of  a  rigid  rod.  Accordingly, 
when  fixed,  (for  instance,)  by  one  of  its  edges  in  a  vice,  with  its  plane  parallel  to  the  horizon  and  strewed  over 
with  sand,  if  it  be  set  in  vibration  by  a  fiddle-bow  and  touched  in  one  of  its  possible  nodes,  its  subdivisions  will 
be  rendered  visible  to  the  eye,  by  the  sand  being  thrown  away  from  the  vibrating  "parts  and  accumulating  on 
those  at  rest  Thus  the  plate  will  be  crossed  transversely  by  a  series  of  nodal  lines  marked  in  sand,  and  whose 
distances  from  each  other  and  from  the  ends  of  the  plate  may  be  measured  at  leisure. 

But  besides  these,  reetangular  plates  are  susceptible  of  other  modes  of  subdivision,  having  two  sets  of  nodal 

lines,  straight  or  curved,  crossing  at  right  angles,  or  otherwise,  and  dividing  the  plate  into  smaller  plates,  each 

vibrating  in  its  middle,  and  at  rest  at  its  edges,   and  every  two  contiguous  plates  separated   by  a  nodal  line 

making  their  simultaneous  excursions  on  contrary  sides  of  their  state  of  rest 

274.         To  produce  these  subdivisions,  and  to  render  them  visible,  take  a  rectangular  plate  (for  simplicity  we  will 
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rand,  suppose  it  a  square)  of  glass,  or  metal,  of  an  eveu  thickness,  not  too  thick,  and  holding  it  firm  between  the 
V^^  points  of  the  finger  and  thumb  of  the  lefl  hand,  or  between  two  points  of  a  clamp-screw  covered  with  cork  or 
leather  so  as  not  to  jar,  taking  care  to  keep  the  pressure  confined  to  as  small  a  space  as  possible,  draw  a  rosined 
bow  over  the  edge,  which  should  be  smoothed  and  a  little  rounded.  If  then  the  point  where  it  is  held  be  the 
centre  of  the  plate,  and  the  bow  be  applied  close  to  one  of  the  angles,  sand  strewed  over  it  will  arrange  itself  on 
the  two  diameters  which  divide  it  into  four  equal  squares  as  in  fig.  44.  Each  of  these,  in  the  act  of  vibration, 
^becomes  a  surface  of  double  curvature,  and  their  motions  are  contrary  to  each  other ;  those  marked  -f-  making 
their  excursions  on  one  side  of  the  plane  of  repose,  while  those  marked  —  are  on  the  other.  This  mode  of 
vibration  corresponds  to  the  gravest  tone  produced  by  the  plate. 

If,  the  plate  being  still  held  in  the  centre,  the  bow  be  applied  at  the  middle  of  one  side,  the  sand  will  occupy 
the  diagonals  of  the  plate,  which  are  the  nodal  lines  corresponding  to  this  mode.  In  this,  as  ib  the  former  case, 
the  plate  subdivides  itself  into  four  equal  vibrating  segments  as  in  the  fig  45,  but  the  tone  is  different,  being  a 
fifth  higher  than  in  the  former  case,  the  distribution  of  the  inertia  with  respect  to  the  elastic  power  of  the  plate 
being  such  as  to  admit  a  quicker  motion. 

If  tlie  plate  be  held  at  a,  the  intersection  of  two  nodal  lines  fig.  46,  and  the  bow  be  still  applied  at  the  middle 
of  one  side,  or  at  the  angle  adjacent  to  a,  the  plate  will  vibrate  as  there  represented.  In  this  subdivision,  the  four 
small  squares  at  the  angle  and  the  larg^e  one  at  the  centre  vibrate  on  one  side,  or  negativeiy,  while  the  four  in- 
termediate oblong  rectangles  adjacent  to' the  sides  vibrate  positively. 

These  instances  may  serve  to  show  the  mode  of  proceeding  in  more  complicated  cases,  and  with  plates  of 
other  figures.  Among  these,  circular  ones  hold  the  chief  place  both  for  symmetry  and  variety.  The  examples, 
^gs,  47 — 93,  are  selected  from  those  described  by  Chladni,  who  has  determined  by  experiment  the  tones 
corresponding  to  each  mode  of  division  in  plates  of  a  great  variety  of  fignires.  Of  these  we  shall  only  give  some 
examples  in  the  case  of  a  square  plate,  of  which  we  shall  suppose  the  gravest  or  fundamental  tone  to  be  repre- 
sented by  1.  This  premised,  if  we  regard  tlie  plate  as  subdivided  into  n  "X  n'  rectangles  by  n  nodal  lines 
parallel  to  one  side,  and  n'  parallel  to  the  other,  the  notes  corresponding  will  be  as  in  the  following  Table : 
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The  vibrations  of  triangular,  hexagonal,  elliptic,  and  semicircular  plates  have  also  been  investigated  by  Chladni,      278 
and  fig.  94—123  exhibit  some  out  of  a  great  variety  of  nodal  figures,  to  which  they  give  rise  in  their  various  Fig.! 
modes  of  vibration.  123; 
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The  subject  of  the  sonorous  vibrations  of  solids   has  recently  been  taken  up  in  a  more  ^enerml  mm^  extcnM   hE^ 
poiiu  of  view  by  M.  Felix  Savait,  m  a  series  of  Memoirs  cominuui edited  by  him  to  the  Royal  Academy  of  SeicMti  * 
of  Paris,  and  of  which  copies,  or  copiotis  extracts,  are  printed  in  the  Annaltn  de  Chimie,     We  regret  tlial  titt 
narruw  limits  whicii  remain  to  us  in  this  volume,  will  allow  little  more  than  a  sH^t-ht  sketch  of  the  ccNiteiilft  of  the 
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resetrches     principal  of  these  most  inleresling  papern,  the  whole  of  which  are  models  of  experimental  research^   a«cl  iodeeii* 
on  the  vi-^   ^^  ^^||  ^|*  ^^^^^  curioMB,  and  iiistrnctive  matter,  that  it  is  next  to  impossible  either  to  condense  or  abstract  them;  fat 
foMs'**  °     whiL^i  rea,son  we  earneHlly  recommend  our  readers,  who  may  be  led  to  take  an  interest  in  the  subject  of  ihbEawyi  J 
not  to  content  themselves  with  the  meagre  fttatements  here  offered,  but  to  procure  and  study  diUgeuily  tlie«figi-  [ 
nal  Memoirs, 

In  order  to  a  regular  analysis  of  this  Intrieate  subject,  itwa;)  6rst  requisite  to  obtain  some  certain  niorlecf  ( 
municalin*  to  any  i^iveii  point  of  a  solid  vibrations  confined  to  one  plane,  and  whose  period  of  recurrence*  as  well 
as  the  plane  in  which  they  were  performed^  and  the  amplitude  of  their  excursions,  could  he  varied  at  pieasure.  The  i 
vibrations  of  a  stretched  strin^r  set  in  motion  by  a  fiddle-bow,  atibrd  the  means  of  doing' this.      Such  are  ne 
_  rily  confined  to  the  plane  in  which  the  motion  of  the  bow  is  performed,  because  any  vibmtory  motion  out  oflhiiJ 

given  point  plane  is  prevented,  or  immediately  stifled  by  the  pressure  of  the  bow  ;  and  as  the  plane  of  its  motion  may  b«  | 
of  a  solid,  varied  at  pleasure,  and  the  amplitude  of  excursion  may  be  increased  or  diminished  by  a  change  of  prejisnrc,  and 
velocity  of  stroke,  all  the  requisite  conditions  are  here  obtained.  Acoording^ly,  if  the  vibrating  part  of  such  a  stdof 
be  broug^ht  to  press  on  a  solid  not  too  massive,  or  if  the  end  of  the  string  be  attached  to  a  point  in  the  solid, 
M.  Savart  has  found  that  the  regularly  repeated  impulses  of  the  string  are  transferred  to  the  solid  with  perfect 
fidelity. 

A  familiar  example  of  this  communication  of  impulses  is  found  in  the  violin.     In  that  instrument,  6^.  124,  llie 

strings  which  are  stretched  from  end  to  end  of  it,  are  divided  into  two  imeqal  parts  by  the  bridge.  A,  on  nrfakb 

they  all  press  strongly,  and  at  the  same  lime  rest  in  small  notches,  so  as  not  to  slip  laterally  on  it,     Tlie  portkiii» 

B,  of  the  string  which  lies  towards  the  bundle,  C,  of  the  instrument,  is  free,  and  is  set  in  vibration  by  the  bow  in  its 

cited  toihfl  own  plane ;  but  that  on  the  other  side  of  the  bridge,  D,  is  loaded  with  a  mass  of  horn  or  whalebone,  E,  to  wbicb  ill 

wood.  the  other  strings  are  also  attached,  and  which,  being  only  tied  to  the  wood- work,  cannot  propagate  the  Tibratiooi 

F>g,  124.      of  any  one  string  sounding  separately,   by  reason   of  the  contradictory  and   unequal  tensions  of  the  other  thrte. 

Thus  the  bridge  is  in  fact  acted  on  only  by  the  vibrations  of  that  part,  A  B  C,  of  the  string  which  is  crossed  by  the 

bow.  as  if  it  terminated  abruptly  at  its  p*>int  of  pressure,  A.     These  vibrations  constantly  tend,  therefore,  to  tilt  tike 

bridge  laterally  backwards  and  forwards,  and  to  press  up  and  down  alternately  the  two  little  prominences  or  feet, 

F  G,  by  which  it  rests  on  the  belly  of  the  violin.     It,  therefore,  sets  the  wood  of  the  upper  face  in  a  state  of  regular 

,         vibration,  and   this   again  is  communicated  to   llie  back   through  a  peg  set  up  in   the  inside  of  the  fiddle,  lad 

ofdie*woo<l  t^''*^"^^^  its  sides,  called  the  soul  of  ttie  fiddle,  or  its  sounding  post     In  consequence,  if  the  upper  surface  bt 

ho^  ob-     '  strewed  with  sand,  it  will  assume  n  regnlar  arrangement  in  nodal  lines  when  the  bow  is  drawn  ;  and  the  samebub- 

tcrved.         division  is  also  observed  in  the  wood  of  the  under  surface,  if  the  sounding-post  be  exactly  placed  in  the  cenlreof 

Plates  ra*ilc  sy""™^try  of  the  nodal  figures.     The  experiment  can  hard'y  be  made,  however,  with  a  common  fiddle,  by  reason 

to  vtbrftiB     ^^  ^^^  cf  nvexity  of  \i^   surface,  on  which   sand  will  not  rest ;  but  if  one  be   constructed  with  plane  boaids,  oritj 

by  commu-  abtmdoning  the  fiddle,  a  string  be  stretched  on  a  strong  frame  over  a  bridge,  which  is  made   to  rest  on  the  ce 

nicttionwiih  gf  a  regularly  formed  plate  or  disc  of  metal  or  wood,  strewed  with  sand,  the  surface  thus  set  in  vibr^tioo  by  I 

sUingfl.         string  will  be  seen  to  divide  itself  by  regular  nodal  figures. 

282,  Now  M,  Savart  1ms  observed  this  remarkable  t^ct,  viz.  that  if  the  tension  or  length  of  the  string  thus  placed! 

J^iot  vihra-  vibratory  communication  with  a  plate,  be  changed,  so  as  to  vary  the  note  it  speaks,  the  nodal  figures  on  the  j 
'  "      undergo  a  corresponding  variation,  and  the  plate  stilt  vibrates  in  unison  with  the  string;  or,  which  is  the  i 

thing,  the  two,  together  with  the  interposed  bridge,  form  a  vibrating  system,  in  which,  though  the  vibradonni 
the  several  parts  are  necessarily  very  different  in  their  nature  and  extent,  yet  they  have  all  the  same  periods.  " 
experiment  is  very  important.  It  shows  that  the  Sounds  of  such  thin  plates  &re  not  like  those  of  strings  confined  I 
certain  fixed  harmonics,  but,  according  to  the  forms  of  their  nodal  lines,  and  the  proportions  of  the  vibrating-  am&il 
opposite  states  of  excursion,  may  assume  any  assigned  period ;  in  other  words,  given  the  vibrating  plate  andf 
pitch,  a  nodal  figure  may  be  described  on  it,  which  shall  correspond  to  that  pitch,  and  the  plate  (writh  mixc4 
less  readiness,  however)  is  always  susceptible  of  such  a  vibration  as  shall  yield  that  note,  and  produce  that  i 
figure.  How  far  this  proposition  is  general,  and  with  what  limilatians  it  is  to  be  understood,  we  shall  soon  i 
Meanwhile  this  remark,  it  will  be  observed,  furnishes  a  complete  explanation  of  the  etfect  of  sound ing^^boards  i 
musical  instruments.  It  is  not,  as  some  have  supposed,  that  tliere  exist  in  them  fibres  in  every  stt^te  of  tea 
some  of  which  are  therefore  ready  to  vibrate  in  unision  with  any  proposed  Sound,  and,  therefore,  reinforce  it  S«oS^ 
a  cause  could  at  best  produce  but  a  very  feeble  e^ect.     It  is  the  whotfi  board  wliich  vibrates  as  part  of  a  sfsUD 
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ind,     with  evenf  note,  and  (as  vibrations  tntty  he  superposed  to'  any  extent)  the  same  sonudin^-board  may  at  once  form     ^^^  '*^' 
v^*^  a  pairi  of  any  nimiber  of  systcm?^^  and  vibrate  in  unison  with  every  note  of  a  chord.     Still  some  modes  will  always  '^••*-%^^*^ 
be  more  ditfR'ult  than  others,  nnd  no  soundin^-b*mrd  will  be  perfectly  indifferent  to  all  Sounds. 

The  lon^itudiiml  vibiaiions  of  a  rod  of  glass,  excited  by  nibbing;  it  with  a  wet  cloth,  may  also  be  used  to  excite       ^B3, 
vibratioas  in  a  gfiven  pohit  of  a  solid  perpendicular  to  its  surface,  by  applying  its  end  to  it,  or  cemeiUiiig  it  to  the  Lon^itudiuai 
nolid  by  mastit;.     In  this  way  Chladiii  applied  it  to  draw  forth  the  Sounds  of  ^la«is  vessels,  (which  when  hemi-  j*^^*'^^*."' 
8phericid,  and  of  siiJlicient  mze  hud  even  thickness,  are  remarkably  rich  and  meiodious,)  in  an  instrument  which  he  played  to 
called  the  Euphone,  eithibited  by  him  in  Paris  and  Brussels.     The  principle  of'this  instrument  was  at  the  time  con-  cominuiii- 
cealed  ;  but  the  enii^fna  was  subftecjuently  solved  by  M.Blauc,  who  on  bis  part  independently  made  the  same  remark,  ^i^e  n^T%* 
and  applied  it  to  a  similar  purpose.  *'^?*  ^ 

If  the  solid  (a  circular  i^lass  disc  for  instance)  to  which  such  a  vibrating  rod  or  tube  is  f^istened,  be  of  small  Oiiad'ni*i 
comparalite  dimensions,  its  vibrations  are  commanded  by  those  of  the  rod,  and  the  Sound  yielded  will  be  that  of  Euphone* 
the  rod  alone;  and  vice  verm,  if  the  disc  be  lor^e,  and  the  rod  small,  the  note  sounded  will  b^  that  of  the  disc^       284. 
uhich  will  entirely  command  the  rod  ;  but  in  the  intermediate  cases,  both  M»  Savart  and   M.  Blanc  have  observed,  Mtitual  in- 
ihe  note  will  be  neither  that  of  the  disc  or  the  rod  separately,  but  the  two  will  vibrate  together  as  a  system,  each  flu««cfof » 
yielding  somewhat  to  the  other     It  is  a  case  exactly  analogous  to  that  of  a  reed-pipe,  rn  which  the  reed  and  Jij^*^^/^ 
coiiima  of  air  mulnally  influence  each  other*s  note.     See  Art,  19D.     This  mutusd  influence  fif  propagated  motion,  fod  coo- 
by  which  two  periodically  recurring  impulses  alFect  each  other's  period,  and  force  Ihemselves  into  synchronism,  tiecied  Mfit 
extends  to  cases  where  at  first  sight  it  would  hardly  be  suspected.    Thus  EUicot  obiierved  that  two  clocks  fastened  '** 
to  the  same  board,  or  even   standing  on  the  same  stone  pavement,  beat  constantly  together,  though  when  sepa*    i   v^" 
rated   their  rates   were  found   to  differ  very  considerably;  and  Breguet  has  since  made  the  same  remark  on  pj^p^,|  ^,^3^ 
watches*     Thus  also  two  organ-pipes  vibrating  side  by  side,  if  very  nearly  in  uni^sor,  will  under  certain  circum-  togeiU«r. 
stances  f'>rce  themselves  into  exact  concord,  as  has  been  observed  by  Hudlestone,  (Nicholson's  Journal,  j.  329.)  Of  orf»ii- 
and  lately  recalled  to  notice  by  some  experiments  made  in  C'openhagen.     The  experiment  with  the  disked  tuning-  P'P«  "*•"* 
fork  and  pipe^  related  in  Art.  204.,  may  here  again  be  referred  to. 

The  longitudinal  vibrations  of  a  rod  have  also  been  used  by  M.  Savart,  to  communlcata  vibratJons  from  one       285. 
liolid  lo  anothf^r;   as  for  instance,  from  the  upper  to  the  under  of  two  circular  discs  cemented  at  their  centres  to  Fig*  12S, 
the  two  ends  of  the  rod,  at  right  angles  to  their  planes,  as  at  fig,  125.     If  the  two  discs  be   of  the  same  dimen-  Vibratiowi 
Bions  and  materials  so  as  to  yitld,  when  separately  vibrating,  the  same  note,  tlie  vibrations  of  of>e  of  them,  (the  'i^f^j?*'^' 
upper  for  instance,)  excited  by  a  bow,  will  be  exactly  imitated   by  the  other,  and  sand  strewed  over  both  w^ill  ^^^^  ^^^ 
arrange  itself  in  precisely  the  same  forms  in  both  discs,  and  thai»  into  whatever  number  of  vibrating  segments  that  jTlits*  by  » 
immediately  excited  be   made  to   subdivide  itself     But  if  the  discs  separately  do  not  agree  in  their  tones,  the  f^od, 
system  may  yield  a  tone  intermediate,  and  each  being  diHerenlly  forced  from  its  natural  pitch,  the  nodal  figures  on 
them  will  then  no  longer  correspiond. 

The  stnte  of  vibration  in  which  the  molecules  of  the  connecting  rt>d  are  thrown  in  such  cases,  deserves  a  nearer       2g(j 
exammation.     For  siiuplicity  let  us  suppose  the  discs  equal,  the  rod  c/lindrical,  and  the  vibration  of  the  system  state  of 
BUch  that  each  disc  shall  subdivide  itself  into  four  qusdrantal  segments.     In  this  case  it  is  clear  that  as  the  form  vibntionof 
assumed  at  any  instant  by  the  upper  disc  is  utidulaled  or  wrinkled,  as  represented  in  fig.  12'S,  the  section  of  the  i^'econotcU 
rod  in  immediate  contact  with  it,  and  which  obeys  all   its  motions,  must  assume  a  similar  form,  and  so  *if  all  the  ^'^^^^j^^ 
rest.    Thus  if  we  conceive  the  rod  split  into  infinitesimal  columns,  parallel  lo  its  axis,  all  the  columns  in  two  oppo-  pjg^  jg^* 
site  quadrants  will  be  ascenditigj  while  those  in  the   other  two  are  descending  ;    and  thus  the  two  corresponding 
opposite  quadrants  of  the  lower  plate  will  be  drawn  upwards,  while   the   alternate  ones  are  forced  downwards, 
giving  a  similar  distortion  to  its  figure,  and  disposing  it  to  a  similar  vibration  only.     It  wiU  depend  on  the  length 
€)f  the  rod,  and  the  time  taken  by  an  undulation  to  run  over  its  length,  compared  with  that  of  a  vibration  of  either 
disc,  whether  the  pAcfso  of  vibration   in  the  tw*o  discs  shall   be  the  same  at  the  same  instant  or  not.     It  may 
happen  that,  for  instance,  the  tiuadrant,  D  B,  of  the  upper  disc  shall  have  completed  its  downward  motion,  and  .( 

begun  to  return  before  Jie  pulsation  propagated  through  the  rod  has  arrived  at  the  lower  disc  ;  and  in  tliat  case  I 

tlie  corresponding  quadrants  of  the  two  discs  will  be  always  in  opposite  phases  of  their  periodic  motion.     But  the  I 

nodal  lines  wilt  of  necessity  correspond  in  both.  1 

When  the  t\vo  discs  are  unequal,  the  propagation  of  the  pulses  through  the  rod  must  of  course  cease  to  be       267.  j^ 

uniform,  and  each  section  of  it  down  its  whole  length  will  have  its  own  peculiar  law  of  form  and  motion,  whScb  Cai^  wher«  } 

it  is  beyond  our  power  to  investigate.     In  that  case  its  molecules  must  have  lateral  as  well  as  vertical  motions,        ^^^*  . 
and  its  vibrations   must  be  partly  lonf^Uttdinai  and  partly  iwiMtiftg,  in  a  way  easier  imagined  than  described,     jf  are**  c<i'  | 

the  discs  be  dissimilar  in  form  as  wtll  as  unequal  in  dimension,  the  vibrations  of  the  connecting  rod  will  of  course  j 

be  very  complicated.  f 

Tliese  principles  have  been  applied  by  M.  Savart,  and  apparently  with  success,  (as  appears  by  tl*e  very  able       288.  ' 

report  of  M.  Biot  on  his  Paper,)  to  the  improvement  of  vioUns,  and  the  construction  of  these  delicate  instruments  M-  S»virt*» 
on  scientific  and  experimental  grounds.     Every  one  is  aware  of  the  difficulty  of  procuring  perfect  violins,  and  *^*''^"^» 
the  enormous  prices  they  bear,  so  that  fixed   rules,  by  which  any  ordinary  artist  can  with  certainty  produce  an 
excellent  one,  are  evidently  highly  valuable.     We  long  to  see  M.  Savart*s  construction  tried  in  this  country,  but 
must  refer  to  his  Paper  {Amial^  de  Ckimie^  vol.  xii.  p.  225,  <&c.)  for  the  details. 

It  appears  from  what  we  have  said,  that  the  motions  of  the  molecules  of  a  rod  which  communicates  the  vibrations       289^ 
of  one  disc  lo  another,  or,  more  generally,  which  vibrates  longitudinally  by  any  exciting  cause,  are  not  of  necessity  Lon^«f«ai 
analogous  to  those  of  the  air  in  a  cjlindrical  pipe,  at  least  not  lo  that  simple  case  of  the  latter  vibrations,  which  we  have  [^,*„| '(,f^ 
bcrettifore  considered  in  our  3d  Section.     The  several  transverse  sections  of  such  a  rod,  in  the  act  of  vibration,  do  foj  fariber 
not  necessarily  merely  advance  and  recede  longitudinally,  but  may  become  curves  of  double  curvature;  in  short,  e&amin^d, 
such  a  rod  may  be  considered  as  an  assemblage  of  vibrating  discs,  ranged  along  a  common  axis,  along  which 
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Sound,  they  may,  it  is  true,  be  also  carried  backwards  and  forwards^with  a  vibratory  motion,  while  at  the  same  time 
— i^N,^^  their  flexure  is  chanfrin^  from  convex  to  concave,  and  vice  versa.  Now  it  may  happen  that  a  point,  or  a  line,  ' 
(straight  or  curved,)  in  any  one  of  such  discs,  may  be  advancing  in  the  direction  of  the  axis  in  consequence  of  thie 
bodily  motion  of  the  whole  disc,  while,  in  virtue  of  its  flexure  in  the  act  of  changing  its  figure,  it  may  be 
receding ;  and  this  advance  and  recess  may  so  balance  each  other,  that  the  point  or  line  shall  be  at  rest  If 
this  be  true  at  one  instant,  it  will  be  so  at  all  instants,  because  the  vibrations  have  all  one  period,  and  follow  the 
same  law  of  increase  and  decrease  in  their  phases.  Thus  we  have  a  nodal  point,  or  a  nodal  line  ;  and  as  each 
disc,  by  reason  of  the  law  of  continuity,  must  have  a  similar  one,  the  assemblage  of  such  lines  will  mark  out 
within  the  rod  a  nodal  nirface,  dividing  it  into  separate  solids  whose  molecules  on  either  side  of  such  sur&ce  are 
in  opposite  phases  of  their  motion. 

What  is  here  said  of  rods,  applies  of  course  to  solids  of  any  flgure  and  dimension,  neither  is  there  the  slightest 
reason  why  it  should  not  apply  to  vibrating  masses  of  air,  or  any  other  elastic  fluid.  Any  such  mass  may  be 
conceived  as  cut  up  into  two  or  more  oppositely  vibrating  portions  pervading  it  according  to  certain  laws. 
Where  these  surfaces  out-crop  or  intersect  the  external  surface  of  the  mass,  there  will  be  a  nodal  line. 

Such  nodal  lines,  formed  on  the  surfaces  of  bodies  by  the  longitudinal  vibrations  of  their  molecules,  (t.  e.  by 
vibrations  parallel  to  their  surfaces,)  may  be  detected  and  rendered  visible  to  the  eye  by  fine  dry  saod,  or  the 
powder  of  Lycoperdon,  strewed  over  them ;  and  the  motions  of  the  particles  in  the  act  of  forming  them  will  easily 
distinguish  such  vibrations  as  are  executed  parallel  to  the  surface  (in  which,  of  course,  the  surface  is  not  thrown 
into  waves)  from  such  as  take  place  at  right  angles  to  it,  where  the  surface  itself  leaps  up  and  down.  In  the 
latter  case,  the  particles  of  sand  dance,  and  are  violently  thrown  up  and  down  over  the  whole  extent  of  the 
vibrating  portions,  till,  at  length,  they  are  entirely  dispersed  from  them.  In  the  former,  Uiey  only  glide  along 
close  to  the  surface,  and  meet  and  settle  on  the  nodal  lines,  and  that,  sometimes,  with  incredible  swiflness. 
The  reason  why  they  retreat  to  the  nodal  lines  is  easily  understood.  The  amplitude  of  the  excursions  of  the 
vibrating  molecules  of  the  surface  diminishes  as  we  approach  a  nodal  line.  Hence  a  particle  of  sand  anywhere 
situated,  if  thrown  by  an  advancing  vibration  towards  this  line,  will  not  be  thrown  quite  so  far  back  by  the  sub- 
sequent retreating  vibration,  because  its  then  situation  is  one  less  agptated.  Thus  the  motion  of  each  particle  of 
sand  is  one  of  alternate  advance  towards  the  node  and  recess  from  it,  but  the  advances  are  always  greater 
than  the  recesses.  In  consequence,  it  creeps  along  the  surface,  and  will  not  rest  till  it  has  attained  the  node. 
When  a  large  disc  of  glass  is  set  vibrating  vigorously  by  a  bow,  perpendicular  to  its  plane,  the  grains  of  sand 
will  fly  up  some  inches  from  it  and  be  scattered  in  all  directions.  M.  Savart  has  distinguished  by  the  name 
tangefitial  vibrations  all  such  motions  of  the  superficial  particles  of  a  body  as  are  performed  parallel  to  the  sur- 
face ;  while  those  executed  at  right  angles  to  it,  in  virtue  of  which  the  surface  itself  heaves  and  sinks,  he  calls 
transverse ;  and  to  motions  compounded  of  both  these,  where  the  surface  both  swells  and  falls  and  shifls  laterally 
backwards  and  forwards,  he  gives  the  term  *'  oblique  vibrations.*'     In  this  we  shall  follow  him. 

This  acute  experimenter  has  investigated  with  great  minuteness  the  tangential  vibrationa  of  long  flat  rods  or 
rulers  of  glass,  as  well  as  of  cylinders  and  tubes.  They  are  extremely  complicated,  aiKl  offer  most  singular 
nal-upgen-  phenomena,  some  of  which  we  shall  now  describe.  If  we  take  a  rectangular  lamina  of  glass  0°*'70  (:=  27^'b^) 
tial  vibra-  \q^^^  0™015  (=  0^"-59)  broad,  and  ©""OOlb  (=  0»«06)  thick,  and  holding  it  by  the  edges  in  the  middle  between 
the  finger  and  thumb  with  its  flat  face  horizontal,  strewed  with  sand,  and,  at  the  same  time,  set  it  in  longitudinal 
vibration,  either  by  rubbing  its  under  side  near  either  end  with  a  bit  of  wet  cloth,  by  tapping  it  on  the  end  with 
light  blows,  or  by  rubbing  lengthwise  a  very  small  cylinder  of  glass,  cemented  on  to  its  end  in  the  middle  of  its 
breadth,  and  parallel  to  its  length ;  in  whatever  way  the  vibration  be  communicated,  we  shall  see  the  sand  on 
its  upper  surface  arrange  itse'f  in  parallel  lines,  at  risrht  angles  to  its  longer  dimension,  and  always^  in  one  or  the 
other  of  the  two  systems,  represented  in  figs.  127  and  128.  Now  it  is  very  remarkable  that  although  the  same 
one  of  these  two  systems  will  always  be  produced  by  the  same  plate  of  glass,  yet  among  different  plates  of  the 
above  dimensions,  even  thovgh  cut  from  the  same  sheet,  side  by  side,  one  will  invariably  exhibit  one  system,  and 
the  other  the  other,  without  any  visible  reason  for  the  difference.  Moreover,  in  the  system,  fig.  127,  the  disposi- 
tion of  the  nodal  lines  is  unsym  metrical,  one  of  them,  a,  being  nearer  to  one  end,  and  the  closer  pair,/^,  not  being 
situated  in  the  middle  ;  and  this  too  is  peculiar  to  the  plate,  for  wherever  it  be  rubbed,  whichever  end  be  struck, 
still  the  line  a  will  always  be  formed  nearest  to  the  same  extremity. 

Now  let  the  positions  of  the  nodal  lines  be  marked  on  the  upper  surface,  and  then  let  the  plate  be  turned  till 
the  lower  surface  becomes  the  upper,  and  this  being  sanded,  let  the  vibrations  again  be  excited  just  as  before.  The 
nodal  lines  will  now  be  formed  quite  differently,  and  will  fall  on  the  points  just  intermediate  between  thobc  of 
the  other  surface ;  t.  e.  on  the  points  of  greatest  excursion  of  its  vibrating  molecules.     In  a  word,  if  n,  n,  n,  w,  &c 
the7pposite  in  fig.  129,  or  130,  represent  the  places  of  the    nodes  on  the  one  surface,  then  will  n',  n\  Ac.  be  those  of  the 
sides.  other.     Thus  (Ul  the  motions  of  one  half  the  thickness  of  the  lamina  are  extictly  contrary  to  those  of  the  corre- 

V\jfl.  129,    iponding  points  of  the  other  half   This  property,  indeed,  is  general,  whatever  be  the  material,  length,  breadth,  or 
thickness,  of  the  lamina. 

If,  the  other  dimensions  remaining,  the  thickness  be  increased,  the  Sound  will  remain  the  same,  but  the  number 
of  nodal  lines  will  be  less.  This  fact  alone  is  sufficient  to  prove  an  essential  difference  between  the  vibrating  por- 
tions of  such  a  plate,  and  the  ventral  segments  of  an  organ-pipe  harmonically  subdivided. 

If  the  breadth  of  a  plate  of  the  above  length  be  greater  than  0*"-6  the  nodal  lines  cease  to  be  straight,  and  ranged 
across  the  breadth  at  right  angles  to  the  sides.     They  pass  into  curves,  and,  when  the  breadth  is  increased  to 
0»04,  (=  1'"'57,)  they  assume  the  forms  in  figs.  131,  132,  the  former  representing  the  lines  on  the  upper,  the 
latter  those  on  the  under  surface.     If  the  breadth  be  enlarged  to  0"-06,  (=  2*"*36,)  the  figures  on  the  two  facw 
lecungolar  ^iH  be  as  in  figs.  133,  134.     If  the  dimensions  be  so  varied  as  to  convert  the  plate  into  a  square,  the  nodal 
pl*^«^         figures  will  assume  the  forms  in  figs  ^35,  136.     If  the  form  of  the  plate  pass  into  the  circular  or  triangnlar,  the 
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^     same  mode  of  vibration  (long:itadiinal-tatiG:eininl)  beins*  |)rcserved,  still   the  opposite  sides  of  the  plates  will  pre*     Part  HL 
^^  &ent  different  nodal  fipiircs,  as  in  finfs,  137',  13S,  and  139,  140,  ^  v-^-y-^i-^ 

tTo  examine  Ibe  lon^ritudinal-tontrenliiil  vibrations  of  cyljndrlcul  tubes  or  rods,  as  sand  wil!  not  lie  on  their  con-  h^^f^ 
irex  surfaces,  M*  Savar*.  employed  the  mfrcniona  artilice  used  by  Sauveur  to  exhibit  the  harmonic  nodfs  ofa  vibrating  p|^*|33'_ 
string.     For  this  purpose  the  latter  set  astride  on   the   strini^  a  small  bit  of    paper   cut  into  ihe  form  of  an  mj 
inverted  A.  But  in  ibis  case  it  is  found  »o  answer  better  to  encircle  the  vibrating- cylinder  with  a  narrow  ring  of  paper,        29^^ 
H'hose  internal  diameter  is  tliree  or  four  limes  that  of  the  cylinder,  and  which*  Iherefore*  hanpfs  quite  loosely  on  it.  LongiiudU 
Jf  a  cylinder  of  1^1  ass  about  two  metres  (Gj  feet)  lounr  be  encircled  by  several  such  rings,  or  ridrrx,  and,  being-  held  naltangcn- 
horizont^illy  by  the  middle,  ns  lightly  as  possible,  be  rubbed    in  the  direction  of  its  Ien|*:th  with  a  wet  cloth,  (it  J|*^^^^^f"*' 
should  heven/  wet,)  it  will  yield  a  musical  Sound,  and  all  ibe  riders  will  glide  rapidly  along  it  to  Iheir  nearest  nodal  cylindcn. 
points  on  the  upper  surface,  where  they  will  rest.     Now  let  all  these  points  be  marked,  and  then  let  the  cylinder  be 
turned  so  as  to  bring"  the  opposite  portion  of  its  circumference  uppermost  and  horitontal,  and  lei  the  vibration  be 
iigain  excited  in  the  same  manner.     Then  we  i^hall   remark  Ihe  very  same  phenomenon  as  in  rectang:ubir  plates* 
viz.  that  the  norlal  points  on  this  edge  correspond  nearly  to  the  middles  of  the  intervals  between  those  of  the 
opposite  one* 

If  the  cylinder,  instead  of  beinrr  turned  at  once  half  round,  be  turned  only  a  little  at  a  time,  and  a, ways  in   the       297. 
same  direction,  the  riders  will  come  to  points  of  rest  constantly  more  and  more  towards  one  or  the  other  end  of  Nodal  litiei 
the  cylinder,  according  as  it  is  turned  to  the  right  or  to  the  left  j  and  if  the  locm  o^  nil  the  nodal  points  be  traced  spirally 
by  tilts  means,  it  will  be  found  to  be  a  species  of  spiral  line  or  screw,  making  one  or  more  turns  round  the  cyUader  »"ttnged» 

»     according  to  its  length. 
But  there  exist?  here  a  pecnliatity  bearing'  an  obvious  relation  to  what  we  have  observed  already  in  the  case  of      ggg 
rectangular  plates.     The  continuity  of  this  spiral  is  interrupted  near  the  middle  of  the  cylinder,  or  rather  it  stops  Two-pU*! 
short  rtt  a  point  71,  on  one  side  of  the  central  point,  and  recommences  at  N,  a  point  equidistant  on  the  other  side  ;  nodd  line* 
hut  in  a  conlrnri/  directiwh  so  as  to  form  on  the  two  moieties   of  the  length  of  the  cylinder  a  right  and  a  left-  running 
handed  screw.     Again,  these  spirnb  are  not  equally  inclined  to  the  axis  in  all  parts  of  their  course.     They  consist  **PP"*'*" 
of  portions  alternately  much   and  little  inclined,  haviuT^  points  of  maximum  and  minimum  inchnation  atternately 
at  every  ^O'^  of  their  course  round   the  cylinder,  as  in  fig,  141  ;   thus  dividing  the  cylinder   into  four  quadrardal  Fig.  14L 
portions,  which  are  related  to  each  other  in  the  same  manner  as  Ihe  upper  and  under  faces^  and  the  right  and  left 
sides  of  the  vibrating  parallel opipeds,  examined  in  Arts.  292.  d  seq. 

>lt  appears  then  that  when  a  cylinder  is  set  in  a  slate  of  h>ngiludinal -tangential  vibration,  it  assumes  of  itself      ^99. 
(by  reason  no  doubt  of  some  casual  inequality  in  its  form  or  strncltire,  giving"  it  a  bias  one  way  or  the  other)  four  Fowrprin- 
pnncipal  edges,  dividing  it  into  quadmntal  portions.     Of  these,  two  opposite  ones  (which  we  will  designate  by  ^f^*^f|^^^!* 
the  numbers  1  and  3,  and  call  the  upj)er  and  under  edge)  are  divided  by  the  nodal  lines  in  points  tI|  h  i  N,  N'^,  iRgcyliwiier. 
and??,  n',  N,  K',,  where  their  inclination  is  a  maximum,  and  the  others  2,  4,  which  we  may  call  the  sides, 

I     at  «,  n\  N,N'„  and  n^n\  N^  N'^,  where  it  is  a  minimum. 
What  we  have  said  relates  to  the  disposition  of  the  nodal   lines  on  the  exterior  surface  ofa  tube,  or  ofa  solid       ^qq 
cylinder.     In  the  case  ot  a  hollow  tube,  the  nodal  lines  of  the  internal  surface  may  be  examined  by  strewing  in  it  Nodal  lioci 
a  btlle  fine  sand,  provided  its  diameter  be  so  large  as  not  to  drive  all  the  sand  into  a  crowded  line   along  the  in  the  iit- 
bottom.     We  shall  thus  detect  a  spiral  in  all  respects  similar  to  that  on  the  external  surface;  only  that  its  coils  leriorofa 
run  exactly  along  the  interval's  of  tho^e  of  the  external  one.     So  thai  in  all  cases,  those  points  of  the  internal  sur-  *^>l<^'J''ical 
face  are  most  strongly  ag-itated  b/  the  vibration  which  correspond  to  points   at  rest  on  the  outer,  and  vice  tvrstl. 
M,  Savart  has  noticed  a  very  curius  phenomenon  in   this  case.     At  the  ptjints  of  maximum  inclination  the  sand 
gathers  itself  up  in  a  circular  heap,  and  remains  at  perfect  rest;  bnt  at  those  of  mi  ui  muni  ineli  nation  it  forms  a 
long  ellipse,  the  borders  of  which  keepctmslantly  circulating  in  one  direction;  and  if  instead  of  sand,  e  small  globe 
of  ivory  or  wax  be  put  into  the  inbe;  at  these  points  it  remains,  it  is  true,  without  shifting  iUpiace,  but  spins  con- 
stantly in  one  direction  round  a  vertical  axis,  so  long  as  the  vibration  continues, 

:  We  have  all  along  supposed  that  the  state  of  vibration  into  which  the  cylinder  or  tubt*  is  thrown,  is  that  corre-  30K 
sponding  to  the  gravest  tone  it  can  yield  by  vibrations  of  the  kind  in  question.  M.  Savart  has  examined  its  higher  Higher  * 
modes,  and  has  pointed  out  other  peculiarities,  but  for  these  we  must  refer  the  reader  to  his  Memoir,  Aau.  de  iwchIu*  of 
(^inu  vol  XXV.  p  236.     We  will  merely  remark  that  in  these  modes,  the  threads  of  the  screw  break  off,  and  re-  ^i^^"^^*""" 


verB€  their  direction  at  the  points  of  union  of  the  several  ventral  segnacnts.  ^^fontn'ho 

cjlmiier 
into  lenlnJ 

5  II.      Of  the  CommunicaUon  of  Vibrations  from  one  Vibrating  Body  to  another. 
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We  have  already  seen  that  a  rod  placed  between  two  discs*  one  of  which  is  set  in  vibration,  becomes  the  means       B02. 
of  communicating  its  vibrations  to  the  other.     But  it  may  be  announced  as  a  general  fact,  that  whenever  a  \4brating  General  law 
body  is  brought  into  intimate    contact  with   another,  it  communicates  to   it  its  own  vibrations,    more   or  less  ^^"^ *^l^  *^°'"" 
cnectually  as  their  union  is  more  perfect.     This  proposition  has  been  carried  still  further  by  M-  Savart,  whose  ex-  "i''"j*'*'^°" 
periments  shuw  that  all  the  particles  of  the  body  thus  set  in  vibration  by  communication  are  agitated  by  motions  motion^**"'^ 
not  merely  similar  in  their  periods,  but  actually  parallel  in  their  directions,  to  those  of  the  original  source  of  tlie       303 
motion.     Examples  will  best  explain  the  meaning  of  this,  pi^  I42' 

Example  1.  Let  A,  fig,  142,  be  along  flat  glass  ruler  or  rod,  cemented  with  mastic  to  the  e6g;t  ofa  large  bell-  ^'*'"*'<»''* 
glass,  such  as  is  used  for  the  harmonica,  or  musical  glasses,  or  a   large  hemispherical  dri  a  king-glass,  perpendr-  *'^*'***  "'«' 
cular  to  its  circumference.     Let  it  be  very  lightly  supported  in  a  horizontal  position  on  a  bit  of  cork  at  C\  and  cat^rfrom 
then  let  the  bell-glass  be  set  in  vibration  by  a  bow,  at  a  point  ojjposilc  the  place  where  ihe  rod  meets  it.     It  will  »  Wi-gTr«. 
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vibmte  traiwm'mtg,  i,  e.  the  moUans  of  its  moteciilea  will  he  perpendicular  to  its  surfftce;  and  these  motiMifliHIt 

be  uommuDtcated  to  the  rod»  without  any  ch.inge  in  (heir  Hireciion,  whose  vibrations  will  be  Hnoitttditmi-Uii* 
^filial,  as  will  he  rendered  eiid^ni  by  strewiiij^  its  surface  with  sand,  when  the  nodal  lines  will  be  f^rmtd  at 
in  Art  ^92,  and.  if  the  apparatus  be  imwrted*  and  the  sand  strewed  on  the  imder  side  of  the  rod»  ihe  nodd  IkM 
will  be  seen  to  correspond  to  the  points  of  greatest  excursion  on  the  other  side,  as  in  lliat  article. 

In  this  combination  the  orig^iftal  tone  of  the  bellg^lass  m  altered,  and  the  note  produced  djlfers  both  from  ttat 
yielded  by  it*  or  by  the  g:lass  rod  vibrating-  alone.  The  two  vibrate  as  a  Bystem  together  and,  wbal  ii  Ainfitbr, 
the  Sound  of  the  g'jass  is  considerably  reinfon!ed  by  the  combination, 

ETampk  g.  I#et  A'  be  a  rectanp:rdar  strip  of  ^lass  firmly  cemented  at  riffht  nt\^\ei  to  another  strip.  A*  maom 
its  brendlh.  Let  the  latter  be  Hp^UUy  supported  on  two  bits  of  cork,  C,  fastened  to  a  wooden  niece,  B,  so«iM«t 
to  touch  A  in  the  phices  of  two  of  its  nodes  when  vibrating  transversely.  Then,  if  A  be  placed  hcviis^Dtatly,  tni 
strewed  with  sand,  and  A'  be  set  in  long^itudinal-tantrcntial  vibration,  either  by  nibbing  with  a  wet  doth,  w  t» 
any  other  means,  A  will  vibrate  transversely,  as  will  be  known  by  the  dancing^  of  the  sand  and  its  eettling'  on  tb« 
nodes  C  C^  On  the  other  hand,  if  A  be  held  vertically,  and  agitated  transversely  by  a  bow,  while  A'  i»  bom 
zontal  and  sire  wed  with  sand,  ihe  latter  will  indicate  longfitudiuaUtangenlial  vibrations,  both  by  the  creepU^if 
the  sand,  and  by  the  diflerence  of  the  nodal  fir*iires  on  its  two  faces. 

Eiample  3-  Let  M  be  a  rcctangidar  plate  (fig.  144)  monnted  like  A  in  the  last  example,  but  instead  rf 
Carrying"  a  simple  plate  A',  let  it  carry  a  system  of  circular  discs  traversed  by  a  lamina,  as  in  the  fispire.  Hiai, 
if  the  faces  of  these  discs  and  of  the  lamina  M  be  horizontally  placed  and  strewed  with  sand,  and  the  Umint  M 
be  set  in  longitudinal-tangential  vibration,  all  the  discs  will  be  so  too,  and  the  sand  will  arran^  itself  in  fi^tti 
which,  on  every  alternate  disc,  1,3,  5,  &c.  will  he  of  one  species,  (such  as  at  a  for  instance^)  but  on  every  oihtr, 
2,  4,  6,  &c.  will  be  of  a  ditferent  species,  as  6.  Now  if  Ihewhoie  apparatus  be  inverted,  so  as  to  place  the  lamiai 
M  uppermost,  and  let  the  system  of  discs  hang  down,  the  thtn  upper  surfaces  of  the  discs  w!!l  exhibit  the  saM 
system  of  nodal  figures,  but  in  the  reverse  order:  i.  c.  the  discs  1,  3,  5,  &c,  will  g*ive  the  figure  6,  and  2,  4,  6,Aa 
the  figure  a.  In  this  apparatus,  if  the  connecting  piece  which  traverses  all  the  discs  be  examined,  it  wiN  bl 
found  to  vibmte  traiisversely^  while  the  discs  and  lamina  M  vibrate  tangewlially,  and  vice  t^erta, 

Ejtamph  4.  Let  A  be  a  strong  frame  of  wood  of  the  form  [,  across  the  extreme  edges  of  which  is  stretdifdt 
strong  catgnt  or  other  chord,  mul  let  L  L'be  a  circular  disc  of  glass,  or  metal,  retained  between  the  chord  III 
back  of  the  frame  by  the  pressure  of  the  Ibrmer.  Then,  if  the  chonl  be  set. in  vibration  by  a  bow  drawn  tftn^ 
versely  across  Jt  in  one  steady  direction,  the  Vibrations  of  the  chord  will  all  lie  in  ihe  plane  of  the  bow,  andvill 
be  communicated  in  the  mine  direction  to  the  disc,  which  will  execute  tangential  vibrations,  each  of  its  molecalii 
moving  to  and  fro  in  lines  parallel  to  the  bow  throitgh  the  whole  fjrtaii  of  the  disc.  This  is  easily  verified  bv  tk 
direction  in  which  sand  strewed  on  it  creeps.  Conceive  the  whole  apparatus  placed  with  the  chord  verttcaCtod 
projected  on  the  plane  of  the  horizon.  If,  as  in  fig.  145,  r?,  F  F  be  the  projection  of  the  bow,  the  sariace  of  Hn 
disc  will  be  marked  with  notlal  lines  parallel  to  it,  the  sand  there  being  left,  while  that  in  the  intermediate  spoed 
creeps  along  to  the  edge.^  as  marked  by  the  arrows,  and  runs  off.  If  the  projection  of  the  bow  F  P'  be  oblique  to 
the  line  joining  the  points  of  support  of  the  disc,  as  in  fig.  145,  t\  the  nodal  line  will  be  curved,  as  there  shown,  btft 
the  motion  of  the  molecules  of  sand  going  to  form  it  will  still  be  parallel -to  FF'.  Finally,  if  the  bow  be  dfaim 
parallel  to  the  line  joining  the  points  of  support,  as  in  fig.  145,  rf,  the  nodal  line  will  be  formed  of  two  arcs  tmkilf 
a  ctisp,  but  the  same  law  of  molecular  motion  will  still  hold  good,  as  the  arrows  indicate.  * 

Example  5,    Let  L  L'  be  a  rectangular  lamina  fastened  at  one  end  into  a  block,  T,  and  at  the  other  attached  (0 
a  chords  c  e^  stretched  parallel  to  its  length,  oi?er  a  bridge,  ^  and  put  in  \'ibralion  by  a  bow  perpendicular  to  H, 
FF'.     Then,  if  the  plane  of  the  bow  and  siring  coincide  with  the  plane  of  the  surface  of  the  lamina,  the  ItHM 
will  execute  tangential  vibrations  orcro^w  its    breadth,  and  will  exhibit  on  its  upper  surface  a  single   nodal  te^ 
nn'  n^t  as  in  fig.  147,  but  on  its  nnder  none,  all  the  sand  being  driven  off.     Now  incline  the  bow  to  the  forget 
of  the  lamina  as  represented  in  tig.  146,  c,  at  an  angle  of  about  20^  still  keeping  it  perpendicular  to  the  string,  ioA 
the  nodal  line  will  assume  the  curvature  represented  in  fig.  148.   If  the  bow  be  still  more  inclined,  the  curve  bfeaki| 
up,  and  at  45*^  of  inclination  becomes  changed  into  transverse  and  oblique  lines,  as  in  fifc.  149;   and  it  isnoW 
observed  that  the  sand  not  only  runs  in  the  direction  of  the  arrows,  hut  also  begins  to  leap,  indicating  an  nblii|iiij 
vibration  of  the  surface.     Lastly,  when  the  bow   is  inclined  90^  to  the  plane  of  the  lamina,  as  in  fig.  1^0,  Ite' 
vibration  becomes  altogether  transverse,  the  nodal  lines  are  similarly  disposed  on  both  sides  of  the   plate,  aadftti 
sand  merely  leaps  up  and  down  till  it  is  danced  off  the  vibrating  parts,  without  any  temlency  to  cret*  p. 

Exanipk  6.  If  a  very  *hin  membrane  he  stretched  horizontally  over  the  orifice  of  a  circular  bowl,  as  a  drinking 
cup,  or  harmonica-gia^r  (extremely  thin  paper  wetted  and  glued  to  the  edges,  and  then  suffered  to  becoQiii 
tight  by  drying,  answers  very  well,)  and  if  fine  sand  be  strewed  on  it,  it  becomes  a  most  delicate  deteetor  of 
aerial  vibrations.  Suppose  now  a  circular  disc  of  glass  held  concentrically  over  it  with  its  plane  parallel  toihal! 
of  the  membrane,  and  set  in  transverse  vibration  so  as  to  form  any  of  Chladni's  acoustic  figures,  as  for  instance 
fig.  (99).  Then  will  this  figure  he  imitated  exactly  by  the  sand  on  the  membrane.  Now  let  the  vibrath^  ifiie 
be  shifted  laterally,  so  as  no  longer  to  have  its  centre  vertically  over  that  of  the  membrane,  but  ke^Qg  IBI 
plane,  as  well  as  that  of  the  membrane,  horizontal.  Still  the  figtires  marked  out  on  the  latter  will  be  fkc*€imilei  cf 
those  on  the  disc,  and  that,  whatever  be  the  extent  of  lateral  removal,  till  the  vibrations  become  too  nodi 
enfeebled  by  distance  to  have  any  effect  at  all. 

But,  in  place  of  shilling  the  disc  laterally,  let  its  plane  be  inclined  to  the  horizon.  Immediately  the  %iifef 
on  Ihe  membrane  will  rhange  thongh  the  vibrations  of  the  disc  remain  unaltered,  and  the  change  wiH  be  Chi 
greater,  the  greater  be  the  inclination  of  the  plane  of  the  disc  to  that  of  the  membrane.  And  when  tbi 
former  plane  is  perpendicular  to  the  horizon,  the  nodal  figure  on  the  membrane  is  found  to  be  transform^ 
into  a  system  of  straight  lines  parallel  to  the  common  intersection  of  the  two  planes,  and  the  particles  of  si»l 


k 


fd.  inste«a  ofdsincin^r,  creep  in  oppmtte  diret?tions  to  meet  \n  these  lines.  One  cd  tli€««  iiw»ir»  fiiiBes  lhfnw|:h  the  P»rt  III, 
i^  centre,  and  ibt;  whok  syMem  is  analog:<)us  to  what  would  be  pn^ducefl  by  altochiiif  a  c^^rd  to  the  centre  of  a  ^'^N^^' 
disc,  and.  Imvinfr  stretched  it  very  <ibliqiiely,  ficttine:  it  in  vibration  by  a  bow  drnwii  punillel  l<i  ihe  Surface.  In  a 
word,  tbe  vibrations  o1  the  tnembraire  are  now  tangential,  and  they  preserve  this  character  tindianged,  however 
the  disc  be  7rotf?  shifted  laterally,  provide<l  it»  plane  be  not  turned  from  the  venieal  position.  If  the  di^^c  be 
made  to  revolve  about  its  vertical  diameter,  the  nodal  lines  on  the  membrane  will  WJtate,  following*  exactly  the 
motion  of  the  disc. 

Nothincr  can  be  more  decisive  or  instnictive  than  this  experiment.     Wo  heresee  evidently,  thai  the  motiotis  of      311, 
the   aerial  molecules  in  every  part  of  a  spherical  wave,  propafraled  from  a  vibrating  body  as  a  centre*  inatead  Nature  of 
of    diverpiijsr    like    radii    in   all   directions    bo    as    to    be    always  perpendtcylar   to   the    surface   of  the   wave,  the  aerial 
are  all  parallel  to  each  other;   in  a  word,  they  are  disposed,  not  ats  in  fig:.  8.  but  as  in  fiff,  7 ;  and  thus  the  ^g^^"^^ 
hypothesis  of  Art,  119.  is  found  to  be  completely  verified.     And   the  same  thing'  holds  good  not  only  in  air,  but  ^^^^ 
in  liquids,  as  the  experiments  hereafter  to  be  related  {due,  like  all  those  just  cited,  to  M,  Savart)  satisfactorily 
demonstrate. 

This  experiment  i»  also  remarkable  in  ^vera!  other  points  of  view.     So  lonj^  as  the  Sound  of  tbe  disc,  and  its       SI  2. 
mode  of  vibration,  as  well  as  its  inclination  to  the  plane  of  the  membrane,  and  the  tension  of  the  latter,  continue  DiU  00 
unchansrcd.  tlie  nodal  fipire  on  the  membrane  will  continue  the  same  •  hut  if  either  of  these  be  varied,  the  mem-  whieH  the 
brane  wiil  not  cease  to  vibrate,  but  the  figure  will  be  modified  accordingly.     Let  ub  consider  aeparatdy  tlie  efTed  ^f  ^*^^^*, 
of  each  of  these  chauffes.  brane  d^ 

And  first,  caUais  immuiaiis,  let  the  pi/cA  of  the  Sound  whose  vibralion?s,  eommttnieated  throti^h  the  air  t©  the  pcnd. 
membrane^  excite  its  motions,  be  altered,  as   by  loadings  the  disc,  or  increabingr  or  dimiiii*ihin^  its  size,  (or,  if  the        31S. 
Sound  be  excited  by  any  otlier  cause,  as  a  pipe,  the  voice,  &c.,  then   by  varying  its  pitch  by  any  appropriate  First,  the 
means.)     Tbe  tnembrane  wiil  still  vihialc,  difft-rin^  in  ihit  rcuptH  from  a  rigid  lamina,  which  will  only  vibrate  p'tth  of  iht 
by  sympathy  wiih  Sounds  corresponding  ti)  its  own  subdivisions.     The  memhraMy  be  it  observed,  will  vibrate  in    °" 
sympathy  with  any  Sound,  but  every  particular  Sound  will  mark  out  on  it  its  own  particular  notla!  figure,  and  ss 
the  pitch  varies  the  figure  varies.     Thus  if  a  slow  air  be  played  on  a  fiute  near  it,  each  note  will  call  up  a  parti- 
cular form»  which  the  next  will  efTace,  to  establish  its  own. 

Secondly,  Suppose  the  exciting-  cause  be  the  vibration  of  a  disc,  or  lamina  of  any  form.  If  its  mode  of  vibra-  314^ 
tion  be  varied  bo  as  to  change  its  nodal  figures,  those  or«  the  membrane  will  vary ;  and  if  the  sctme  note  be  pro-  Secondly, 
duced  by  different  Stibdivisions  of  ditlerent  sized  discs,  the  nodal  figures  on  the  membrane  will  be  different,  ^'^^  nature 

Again,  if  the  tension   of  the  membrane  be  varied  ever  so  little,  most  material  changes  will  take  place  in  the  ^""^  j"**''« 
figures  it  exhibits.     If  paper  be  the  substance  employed,  mere  hygrometric   changes  atlect  it  to  J*uch  a  degree^  ^^  j^^'^'^^ 
that  if  moistened  by  breathing  on  it,  and  allowed  to  dry  while  the  exciting  Sound  is  continued,  the  nodal  formd   ng  cause, 
will  be  in  a  constant  state  of  Ouctuation,  and  will  not  acquire  permanence  till  the  paper  is  so  far  dried  as  the  state        315. 
of  the  surrounding  atmosphere  will  permit.     Indeed,  this  fluctuation  is  so  trmiblesome  in  experiments  c*f  this  Tliirdly, 
kind,  that  to  avoid  them  it  is  necessary  to  coat  the  upper  or  exposed  side  of  the  paper  with  a  thin  film  of  varnish,  t^f  tension 
Of  all  subtitances  which  can  be  employed  for  the  exhibition  of  these  beautiful  experfments,  M,  Savart  observes,  ^[^^     "^*°^* 
by  far  the  best  is  such  a  vaniished  paper  stretched  on  a  frame  and  moistened  or  the  under  side.     The  moisture  irffccf  of 
diminishes  the  cohesion  of  the  fibres,  and  renders  them   nearly   independent  of  each  other,  and  indifferent  to  all  hygrome- 
impulses.     As  a  proof  of  this,  he  observes,  that  he  has  frequently  obtained,  on  a  circular  membrane  of  paper  so  *^'*c  chmnges 
prepared,  a  nodal  figure  composed  of  no  fewer  than  twenty  concentric  annuli,  which  is  far  beyond  what  can  be  °^  P*P*' 
oMained  in  any  otiier  way.  *^°*  ttatu 

In  some  cases,  a  very  curious  and  inslracfive  phenomenon   i<»  obseived  hi  these  experiments.     Between  the       s\&. 
nodal  lines  formed  by  the  coarser  and  middle-sized  grains  of  sand,  others  will  be  occasionally  observed,  formed  Secondiry 
only  of  the  very  finest  dust,  of  microscopic  dimensions.     This  phenomenon  will  be  seen  to  greater  advantage  if  a  "odai 
little  duKt  of  Lycoperdon  be  mixed  with  the  sand.     These  intermediate  lines  M.  Savart  explains,  by  referring  ^g^***- 
them  to  different  and  higher  modes  of  subdivision,  coexisting  with  that  by  which  the  principal  figure  is  formed. 
Tlie  more  minute  particles  are  proportionally  more  resisted  by  the  air  than  the  coarser  ones,  and  are  thus  pre- 
T«fited  frfjm  making  those  great  leaps  which  tiirow  the  coarser  ones  into  their  nodal  arrangement     They,  there- 
fore, rise  and   fall  with   the  surface,  to  which  the/  are  as  it  were   pinned  down.     But  they  are  atieeted  by  the 
minuter  wavea  which  have  a  smaller  amplitude  of  excursion,   and  occm  more  frequently,  and  form  their  figures 
linder  the  influence  of  these  as  if  the  greater  ones  did  not  exist.     These  Heandmif  Jlpt  re»  often  ^^ppear  as  concentric 
rings  between  the  primary  ones,  and  not  unfi^qneutly  the  centre  of  the  whole  system  is  occupied  by  a  becondary  point 

Figures  151^161  tire  specimens  of  the  nodal  figures  thus  formed  ou  circular  memhraoes.     Of  these,  fig.  151       gjy 
shows  the  modification  which  in  tipt  to  take  place  when  the  tension  of  the  membrane  is  not  quite  equable.     Figs.  f]g  ijil. 
162,  163,  are  figures  exhibited  by  square  membranes,  and  fig.  164 — 166  by  triangular  ones.  166. 

A  very  important  application   of  thei^e  prt»pertiea  of  stretched   membranes  has  been  made  by  M,  Savart,  by       31  g 
employing  surh  a  one  as  an  instrument  for  detecting  the  existence  and  exploring  the  extent  and  limits  gf  conti-  Stretched 
guous  and  oppositely  vibrating  portions  of  masses  of  .lir.     For,  since  such  a  membrane  is  thrown  into  vibration  racmbranej 
by  all  aerial  vibrations  of  a  certain  force,  the  fact  of  the  existence  or  not  ot^  a  vibratory  motion  in  any  point  of  the  e">pIoyed 
air,  of  a  chamber  for  instance,  ora  box,  or  large  organ-pipe^  mny  be  ascertained  by  observing  whether  said  strewed  *°  *!**«<=' 
on  it  is  set  in  motion,  and  arranged  vi  regular  forms,  on  holding  the  membruuc  at  that  point.  Thus  if  an  organ-pipe  ^brationi. 
be  made  to  sound  witli  a  constant  force,  and  the  erploriftg  mtmhraite  be  so  far  removed  from  it  that  the  mem-^ 
brane  shall  just  cease  to  be  agitated  visibly,  the  force  of  the  Sound   being  increased  by  a  quantity  not  sensible  to 
tbe  ear,  the  sand  will  recommence  its  motion.     Nay,  if  two   such  pipes,  placed  close  together,  be  made  to  6eo/, 
(sec  Index,  Beats,)  the  membrane  will  be  seen  to  be  agitated  at  the  coincidences,  and  at  rest  in  the  interferences 
of  Iheir  vibrations.     We  shall  presently  return  to  this  part  of  our  subject. 
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Another  higrhly  interesting  application  of  the  same  properties,  is  the  view  which  M.  Savart  has  taken  of  the 
use  of  the  *'  membrana  tympani"  in  the  ear.  Of  all  our  organs,  perhaps,  the  ear  is  one  of  the  least  understood. 
It  is  not  with  it  as  with  the  eye*  where  the  known  properties  of  light  afford  a  complete  elucidation  of  the  whole 
mechanism  of  vision,  and  the  use  of  every  part  of  the  visual  apparatus.  In  the  ear  every  thing  is  on  the 
contrary  obscure ;  anatomists,  it  is  true,  have  scrupulously  examined  its  construction,  and  many  thtsories  have 
been  advanced  of  the  mode  in  which  Sounds  are  conveyed  by  it  to  the  auditory  nerve,  (where  of  course,  as 
with  the  optic  nerve  in  the  eye,  all  inquiry  terminates,  for  to  trace  the  progress  of  sensation  along  the  nerve  to  the 
brain,  and  thence  to  the  sentient  soul,  it  is  needless  to  remark,  is  altogether  beyond  our  rea(£.)  But  nothing 
certain  can  be  said  to  be  known,  though  it  is  to  M.  Savart  that  we  owe  the  most  rational  hypotheses 
hitherto  proposed. 

Fig.  167  represents  the  auditory  apparatus.  It  consists  externally  of  a  wide,  conch-shaped  opening,  KL, 
which  contracts  into  a  narrow  pipe,  AB,  defended  from  the  entry  of  dust  and  insects  by  hairs,  and  a 
viscous  exudation  which  is  slowly  secreted,  and  terminated  by  a  thin  elastic  membrane,  called  the  Tjfmpanum^ 
F,  or  drum  of  the  ear.  Behind  this  there  is  a  cavity  which  communicates  with  the  mouth  by  a  small  duct  called 
the  Eustachian  tube,  H  G  I.  If  this  be  stopped,  deafness  is  said  to  ensue,  but,  as  Dr.  Wollastou  has  shown,  only 
to  Sounds  within  certain  limits  of  pitch.  In  the  cavity  behind  the  tympanum  is  placed  a  mysterious  and  com- 
plicated apparatus,  B  C  P  S,  represented  complete,  and  on  an  enlarged  scale,  in  fig.  168,  consisting  of  four  liiUe  bones, 
of  which  the  first,  S  C,  is  called  the  hammer,  and  rests  with  its  smaller  end  in  contact  with  the  tympanum,  and  its 
larger  on  the  second  bone,  B  P,  called  the  anvil,  between  which,  and  the  last,  V,  called  the  stirrup^  a  little  round 
bone,  P,  forms  a  communication.  These  bones  form  a  kind  of  chain,  and  no  doubt  vibrations  excited  in  the  tympa- 
num by  vibrating  air,  as  in  the  experiments  above  detailed,  are  somehow  or  other  propagated  forward  through  theSc; 
but  they  arc  so  far  from  being  essential  to  hearing,  that  when  the  tympanum  is  destroyed,  and  the  chain  in  coop 
sequence  hangs  loose,  deafness  does  not  follow.  The  last  of  this  chain  of  bones,  however,  is  attached  to  another 
membrane,  J7,  which  closes  the  t)rifice  of  a  very  extraordinary  system  of  canals,  excavated  in  the  bony  substance  of 
the  skull,  called  the  Labyrinth,  represented  separately  in  fig.  169,  which  consists  of  three  semicircular 
arcs,  (1,  2,  3,)  originating  and  terminating  in  a  common  canal,  which  is  prolonged  into  a  spiral  cavity  (4)  called 
the  cochlea.  The  whole  cavity  of  the  labyrinth  is  tilled  with  a  liquid,  in  which  are  immersed  the  branches  of  the 
auditory  nerve,  in  which,  no  doubt,  resides  the  immediate  seat  of  the  first  impression  of  Sound,  as  that  of  sight  does 
in  the  retina.  If  the  membrane  which  closes  the  labyrinth  be  pierced,  and  this  liquid  let  out,  complete  and  irreme- 
diable deafness  ensues.  It  appears  from  some  most  extraordinary  experiments  by  M.  Flourens  on  the  ears  of 
birds,  (of  which,  however,  the  details  are  too  revolting  to  find  a  place  in  any  but  works  on  anatomy  and 
physiology,)  that  the  nerves  enclosed  in  the  several  canals  of  the  labyrinth,  have  other  uses  besides  their 
services  as  organs  of  hearing,  and  serve,  in  some  unaccountable  and  mysterious  manner,  to  give  to  animab 
their  faculty  of  balancing  themselves  on  their  feet,  and  directing  their  motions.  On  this  point  we  refer  the 
reader  to  M.  Cuvier's  report  on  M.  Flourens's  Memoir,  Annala  de  CAtmie,  vol.  xxxix.  p.  104,  and  of  course  to 
the  Memoir  itself,  whenever  and  wherever  it  may  appear ;  and  for  other  not  less  interesting  and  extraordinary 
facts  of  a  similar  nature,  to  M.  Majendie's  Paper  on  the  functions  of  the  two  great  divisions  of  the  spinal  column, 
and  the  influence  of  the  cerebrum  and  cerebellum  on  voluntary  motion,  abstracted  by  himself  in  a  late  volume  of 
that  collection.* 

To  undcistand  how  the  vibrations  of  a  disc  may  be  conceived  to  be  communicated  by  the  air  to  a  membrane 
in  M.  Savart's  experiments,  let  us  take  a  simple  case,  and  suppose  AB  CD  to  be  a  horizontal  circular  disc, 
vibrating  in  that  mode  which  gives  a  subdivision  into  four  quadrantal  segments,  A  C,  C  B,  B  D,  DA;  and  let 
abed  he  an  infinitely  thin  circular  membrane  placed  under  it,  which  we  will  suppose  to  be  barely  coherent  so  as 

*  From  the  painful  subject  of  knowledge  of  Ibe  most  iuteresting  and  practically  useful  kind,  to  be  purchased  only  by  the  extremitj  of 
animal  suffering,  we  turn  with  gladness  to  a  pleasing  duty.  We  have  drawn  largely,  both  in  the  present  Essav,and  in  our  Article  on  Lioht, 
from  the  AtmaleM  de  ChimU,  and  we  take  this  on/y  opportunity  distinctly  to  acknowledge  our  obligations  to  that  most  admirably  conducted 
work.  Unlike  the  crude  and  undigested  scientific  maUer  which  suffices  (we  are  ashamed  to  ^y  ii)  for  the  monthly  and  quatteriy  amujie* 
ment  of  our  own  countrymen,  whatever  is  admitted  into  i7#  pages  has  at  least  been  taken  pains  with,  and,  with  few  exceptions,  has  sterling 
merit.  Indeed,  among  the  original  communications  which  abound  in  it,  there  are  few  which  would  misbecome  the  fiist  academical 
collections ;  and  if  any  thing  could  diminish  our  regret  at  the  long  supprewon  of  those  noble  Memoirs  which  aie  destined  to  adorn  iatare 
volumes  of  that  of  the  Institute,  it  would  be  the  masterly  abstracts  of  tbem  which  from  time  to  time  appear  in  the  Anmalet,  either  from  the 
bands  of  the  authors,  or  from  the  reports  rendered  by  the  commiUees  appointed  to  examine  them,  wbicb  latter,  indeed,  ara  uuiversally 
models  of  their  kind,  and  have  eontriouted,  perhaps  more  than  any  thing,  to  the  high  scientific  tone  of  the  French  mvoms.  What  anibor, 
indeed,  but  will  write  his  best  when  he  knows  that  his  work,  if  it  have  merit,  will  immediately  be  reported  on  by  a  committee  who  will 
enter  into  all  its  meanine,  undentand  it  however  profound,  and  not  content  with  mere/jf  undentanding  it,  pursue  the  trains  of  thought  to 
which  it  leads,  place  its  discoveries  and  principles  in  new  and  unexpected  lights,  and  bring  the  whole  of  their  knowledge  of  coHateral  snb^eds 
to  bear  upon  it.  Nor  ought  we  to  omit  our  acknowledgments  to  the  very  valuable  Journals  of  Poggendorff  and  Schweigger.  Le^a  exclusivfiiy 
national  than  their  Gallic  compeer,  thev  present  a  picture  of  the  actual  progress  of  Physical  Science  throughout  Europe.  Indeed,  we  have 
been  often  astonished  to  see  with  what  celerity  every  thing,  even  moderately  valuable  in  the  scientific  publications  of  this  country,  finds 
its  way  into  their  pages.  This  ought  to  encourage  our  men  of  science.  They  nave  a  larger  audience,  and  a  wider  sympathy  than  they  are, 
perhaps,  aware  of;  and  however  disheartening  the  gsneral  diffusion  of  smatterings  of  a  number  of  subjects,  and  the  almost  equally  geneial 
indifference  to  profound  knowledge  in  any,  among  their  own  countrymen,  may  be,  they  may  rest  assured  that  not  a  fact  they  may  discover, 
nor  a  good  experiment  they  may  make,  but  is  instantly  repeated,  verified,  and  commented  upon,  in  Germany,  and  we  may  add  too  in  Italy. 
We  wish  the  obligation  wera  mutual.  Here,  whole  branches  of  continental  discovery  are  unstudied,  and  indeed  almost  unknown  even  by 
name.  It  is  in  vain  to  conceal  the  melancholy  truth.  We  are  fast  dropping  behind.  In  Mathematics  we  have  long  since  drawn  tbe  rein  and 
given  over  a  hopeless  race.  In  Chemistry  toe  case  is  not  much  better.  Who  can  tell  us  any  thing  of  the  Sulfo-salts?  W^ho  will  explain 
to  us  the  laws  of  Isomorphism  ?  Nay,  who  among  us  has  even  verified  Thenard*s  experiments  on  the  oxygenated  Acids — Oersted's  and 
Bcrzelius's  on  the  radicals  of  the  Barths — Balard*s  and  Serrulas's  on  the  combinations  of  Brome — and  a  hundred  other  splendid  trains  of 
research  in  that  fascinating  science  ?  Nor  need  we  slop  here.  There  are,  indeed,  few  sciences  which  would  not  furnish  matter  for  similar 
remark.    The  causes  are  at  once  obvious  and  deep  seated.     But  this  is  not  the  place  to  discuss  them. 
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nM.  to  be  impervious  to  idr,  but  to  have  no  tension  of  its  own.  Its  molecules  wiU,  therefore,  obey  implicitly  all  the  Pftit  IIL 
Vi^  motions  of  the  aerial  ones  adjacent  to  them,  and  its  figure,  at  any  instant,  will  be  that  assumed  by  a  stratum  of  ^■^■v^i^ 
the  air  ori^rinally  plane,  and  parallel  to  A  B  C  D^  in  consequence  of  the  displacement  of  its  particles  by  the  undu- 
lation propagated  from  all  parts  of  AB  C  D,  as  they  reach  it  at  once^  allowing  for  the  time  taken  to  traverse  their 
respective  distances  firom  it  Let  us  now  consider  how  a  molecule  of  air,  M,  placed  any  where  in  the  plane  a  e  /3 
perpendicular  to  the  disc,  and  intersecting  it  in  A  B,  will  be  affected.  Since  the  disc  vibrates  transversely,  ail 
its  particles  on  one  side  of  A  B  (as  towards  C)  will  be  at  any  instant  in  a  precisely  opposite  phase  of  their  excur- 
sion from  the  corresponding  particle  on  the  side  towards  D,  and  moving  with  equal  velocity.  Therefore,  tlie 
undulations  propagated  simultaneously  from  both  these  particles  will  reach  the  molecule  M  in  question  at  once, 
(being  equidistant  from  it,)  and  being  (at  least  in  so  far  as  their  direction  is  not  modified  in  their  passagre,  and 
at  all  events  as  to  that  part  of  them  which  is  at  right  angles  to  the  plane  afiyi)  equal,  and  contrary,  destroy 
•ach  other,  so  that  in  virtue  of  these  the  molecule  M  acquires  no  transversal  vibration.  And  since  the  same  is 
true  of  every  other  corresponding  pair  of  molecules  into  which  the  two  halves  AC  B  and  A  D  B  of  the  vibrating 
disc  can  be  divided,  the  molecule  M  will  not  vibrate  (or  at  least  not  transversely)  in  virtue  of  the  vibration  of  the 
whole  disc.  The  same  is  true  of  every  other  molecule  situated  in  the  plane  a  e^,  and  also  by  a  similar  reasoning 
in  the  plane  7  f  ^  at  right  angles  to  it.  There  will  then  be  two  nodal  planes  pervading  the  whole  atmosphere,  in 
which  the  aerial  molecules  have  no  transverse  (t.  e.  vertical)  motion.  But  if  we  suppose  the  molecule  M  situated 
anywhere  out  of  these  planes  the  case  is  otherwise.  Suppose  it,  for  instance,  situated  at^  in  the  quadrant  ceb 
of  the  membrane.  This  being  nearer  to  each  molecule  of  the  quadrant  CEB  of  the  disc  than  to  the  corresponding 
molecules  of  th^  others,  the  influence  of  the  former  will  predominate,  and  the  molecule  /will  be  agitated  by  a 
transverse  motion  similar  to  that  of  the  quadrant  of  the  disc  vertically  over  it.  If  then  the  membrane  be  strewed 
with  sand,  it  will  be  thrown  off  from  the  vibrating  quadrants,  and  arranged  on  two  rectangular  nodal  lines  ab^cd 
parallel  to  those  of  the  disc,  just  as  if  it  vibrated  by  its  own  tension,  while  yet  it  is  obvious  that  all  the  while  it 
has  only  obeyed  implicitly  the  motions  of  the  adjacent  air. 

If,  however,  the  membrane  has  tension  and  thickness,  this  will  modify  the  effects  of  the  direct  aerial  action,  and      822. 
that  in  a  way  &r  too  complicated  for  us  to  enter  into  here  in  detail.     We  may  remark,  however,  that  in  that  case,  Bffecu  of 
each  individual  aerial  impulse  must  be  regarded  as  an  arbitrary  initial  disturbance  of  its  state  of  equilibrium,  in  teniioii  tad 
virtue  of  which  it  will  be  thrown  into  periodic  vibrations;  and  these  again  will  propagate  similar  vibrations  tl>icl^n***  ^ 
back  through  the  air  to  the  disc  A  B  C  D ;  and  this  being  constantly  repeated  the  result  may  be  the  establishment  ^^  "*"*" 
of  a  joint  resultant  periodic  vibration,  by  the  destruction  of  every  motion  not  periodic,   from  the  innumerable 
repetitious  of  the  impulses  and  the  consequent  infinite  superposition  of  plus  and  minus  excursions.     But  this 
interchange,  of  course,  will  be  the  more  energetic  the  thinner  is  the  interposed  lamina  of  air;  for  if  its  thickness  be 
great,  the  vibrations  excited  in  the  membrane,  or  semi-rigid  disc,  a  6  c  (/,  (as  we  will  now  suppose  it,)  will  be 
feeble,  and  when  propagated  back  through  the  air  will  be  still  further  enfeebled  so  as   to  affect  the  motion  of 
A  B  C  D  but  little.     In  this  case  then,  supposing  the  two  discs  to  be  out  of  unison  with  each  other,  and  to  have 
no  common  mode  of  vibration,  the  disc  abed  will  become  the  seat  of  two  distinct  systems  of  vibration.     The  first, 
regularly  periodical,  being  that  directly  communicated  by  sympathy.     The  other,  the  resultant  of  an  indefinita 
number  of  vibrations  kept  up  by  means  of  the  tension,  in  all  phases  and  stages  of  degradation. 

Now,  provided  the  time  elapsed  since  the  commencement  of  the  vibrations  be  long  enough  to  allow  of  our      823. 
regarding  the  number  of  previous  vibrations  as  infinite,  or  which  comes  to  the  same,  long  enough  to  have  allowed  Oe&ertl 
all  traces  of  the  initial  vibrations  to  have  been  destroyed  by  resistance,  friction,  &c.,  these  last  will  either  exactly  ^l^^^cn 
destroy  each  other,  or,  if  they  leave  a  residue,  that  residue  will  consist  in  a  vibratory  motion,  having  the  same  f^|!!|!i^ 
period  with  the  primary  impulse.  bratioas. 

As  this  is  a  proposition  of  great  importance,  not  only  in  the  theory  of  Sound,  but  in  many  other  physical     824. 
theories,  such  as  that  of  the  Tides,  for  example,  we  must  not  let  it  rest  on  a  vague  assumption,  but  demonstrate  it  DtBomlit 
rigorously.    Let  then  t  represent  the  time  elapsed  since  the  commencement  of  the  vibrations,  t  being  so  large  ^'^°* 
that  it  may  be  considered  as  infinite  in  comparison  of  the  duration  of  a  single  vibration.     Then  if  we  call  T  the 
time  of  one  complete  vibration,  or  one  period  of  the  primary  vibrations,  the  impulse  communicated  through  the 
air,  or  otherwise,  to  any  point  of  the  membrane,  or  other  vibrating  body,  will  at  any  instant  be  represented  by 

some  periodic  function  of  the  form  Ff  cos  2  t  •  =  \  or  P  (cos  n  0  putting  Tp  =  ».  which  function  may  always 

be  resolved  into  a  series  of  periodical  terms  of  the  form  A  .  cos  tni,  i  being  an  integer,  of  which  each  may  be 
considered  as  the  representative  of  a  single  vibratory  motion  of  the  simplest  kind,  whose  superposition  forms  ths 
actual  vibration  in  question.  Consequently,  we  may  content  ourselves  with  considering  any  one  of  them  as 
A  .  cos  n  U  since  all  the  rest  are  subject  to  the  same  argument. 

Next,  let  0  be  the  time  of  one  complete  unforced  vibration  of  the  membrane  or  elastic  body  in  virtue  of  its      SM»* 
2t 
natural  elasticity,  and  let  k  =  —  .  t,  so  that  a  .  cos  p  t  would  denote  the  general  term  of  a  series  expressing  th« 

velocity  of  any  one  of  its  molecules  in  a  state  of  unforced  vibration,  and  let  F  (<)  be  a  function  expressive  of  the 
law  of  diminution  of  the  vibrating  motion  by  friction,  resistance,  and  imperfect  elasticity.  So  that  if  /  be  the  time 
since  a  certain  velocity  V  was  communicated  to  it,  V  .  F  (0  .  cos  i'  /  will  be  its  velocity  after  the  expiration  of  I 
as  it  will  then  subsist,  modified  by  the  eh»tic  forces  and  mechanical  state  of  the  membrane. 

Conceive  the  aerial  impulse  to  act  not  continuously,  but  at  equal  infinitely  small  intervals  of  time  r,  (infiniteiv      3M 
small  relative  not  only  to  t  but  to  T  and  $.)    Then,  first,  the  impulse  A  •  cos  n  e,  acting  during  the  time  t  wiU 
produce  the  velocity  A  •  r  .  cos  n  ^  * 
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Boatd.        Secondly.  The  impulse  A  •  coi  (ji  <  —  n  t)  which  acted  «t  the  moment  immedialely  precedii^,  prodoeed  ia  the    vmm 
f  first  instance  the  velocity  A  .  r .  cos  (»  <  —  n  r).     But  this,  once  produced*  was  immediately  modified  hy  the 
inherent  elasticity  of  the  membrane,  and  in  the  subsequent  moment  became 

A  .  T  .  cos  71  (£  —  t)  .  P  (t)  .  cos  V  T. 

Similarly  the  impulse  A  •  cos  f?  (^  —  2  t)  acting  at  the  instant  preceding  Mi  generated  the  T^odty  A  r  •  cos 
(<  —  2  t),  which,  in  like  manner,  (being  regarded  as  an  arbitrary  initial  disturbance,)  became  modified  in  the  time 
2Tto  A  T  cosn(^  —  2t)  .  F(27)  .cos  2  v^.  And  so  on.  Thus,  the  whole  accumulated  Telocity  al  the  iaataiit 
t,  arising  from  aU  the  preceding  impulses,  will  be  expressed  by 

A7.{oosji<+eosn(i-T)  .  cos  VT.  F(t)  +  cosn  (<  — 2t).  cos  2rT  .  F  (2t)  +  &c  }» 

which  series,  since  the  fiinction  expressed  by  F  (f)  is  supposed  to  decrease  constantly  as  t  increases,  and  sfaice 
the  whole  number  of  Yibrations  is  supposed  so  great  that  the  terms  of  the  series  P  (t),  F  (2  t),  P  (3  t),  Ac,  shall 
at  length  become  perfectly  insensible,  may  be  regarded  as  continued  ad  injinibim. 

In  ^t,  whaterer  supposition  we  may  make  as  to  the  law  of  degradation  of  the  motion  within  the  limit  of  a 
^^'      single  period,  it  must  evidently  diminish  in  geometrical  progression  in  similar  phases  of  succe&siTe  periodB»  so 
?*"!I^u-  that  we  must  hate 

^;T  F  (T  +  ^)  =g  .  P  W;  F  (T+2(0  =  «'  .  P  (t)&c. 

Tibrttory     rj^^^  premised,  the  series  in  question,  by  merely  changing  the  arrangement  of  its  terms,  and  gfouping  togcthsr 
^I^Ji^     those  equidistant  from  each  other  by  the  interval  0^  will  b^mc  resolved  into  partial  series  thus, 
pragraMion.  rcosicf +  cosn(<  —  &).  cosv^.F(^) -f  eo8«(l  ~  8^)  .  cos2y^.F  (2^-f>  Ae. 

;At .  i  +  cos n  (<  -  t)  . F  (t)  +  cosn  (<  -  t  -  ^) .  cos (v^-^-  vt) .  Pp  +  t)  -f  &c. 
(+&c. 
But  we    have,  first,  F(o)=:l,  ¥(fi)^q^  FC20)s:^,  Sk.;  and,  moreover,  smee  r^s2t>,  thenftre 
cos  y  ^  =  1,  and  cos  2  i'  ^  =  I,  &c.     Consequently  the  above  expression  becomes 


1 


A 


((cos  n  f  +  g .  cosn  (<  -  eO  +  9^ .  COS  n («  -  2 ^  +  Ac.)  "j 

+  F  (j)  .  {cosn  (t  -  r)  +  q .cosn  (t  -^  7  ^0)  +  ^.Ac.)  I. 

4-  F(2t)  .  (cosn  (<-2T)-f  g . cosfi(/-.  8t  -  ^)  +  9^ .  Ac.  -f&c,)J 


Sommttlon  T^^^t  ^^h  of  these  series  is  readily  summed,  for  we  have  by  well-known  trigonometncal  formuls 
Stlien«r  cosn<-»-g.cos(«<  —  n^)-|-9*.cos(n<  —  2n6)  +  Ac. 

1— o.cosn^         ..      ,  o.sinn^ 

=  cos  n  < . ; r — s"-r:;  +  sm  n< .  r 5- ^  ■■  > 

l-2g.cosn^  +  /  1-  2g,cosn(/  +  / 

Each  of  the  firaetioas  being  constant,  and  independent  of  <,  if  we  call  them  M  and  N,  o«r  aeriea  will  hecraw 

1(M  .  cos  n  <  +  N .  sin  II 0  +  F  (O  {  M  .  cos  n  (<  -  t)  +  N .  sin  n  (I  -  t)  }  1 

•f  F(2t){M.  cosn  (<-.2r)+ N.Sinn  (e-«T)>V. 
+  Ac  J 

S28.  Let  us  now  consider  the  area  of  a  curve  whose  abscissa, »,  is  divided  into  equal  elements  each  equal  ta  t,  while 

SmiMnAkm  its  successive  ordinates,  y,  are  represented  by  0  (o),  0  (t),  0  (2  t),  Ac     It  is  evident  that  its  areay  y  <l«  will  he 
?L^*"^]!!S?**  equal  to 
^^^  t.0(o)  +  t.0(t)4.t.0(2t)+Ac.; 

and,  therefore,  the  sum  of  this  series,  from  the  term  t  .  0  (o)  to  t  .  0  (^,  will  be  equal  to  t!»  iMegraiy  ^  (x)  il^ 
from  jp  s  0  to  «  s  ^.    Thus  our  series  will  assume  the  fbnn  of  a  definite  integral,  vts. 
A  .  /;  d  Jr .  P  (*)  {  M .  c  OS  n  C<  -  *)  +  N  .  si  n  n  (<  -  jr)  }  , 
expressing  in  the  manner  now  pretty  genera]  the  limits  of  the  integral  by  indices  attached  to  Uie  inlcgval  aign. 

Resolving  now  the  sines  and  cosines  of  n  (<  —  j),  this  becomes  (x  and  i  being  independent  of  each  other) 

A.  tannt./^dx.F(x)  {  M.cosn  j?  —  N.sinnj^} 
—  A  .sinn<yVd4r.F(jp){M.sinn«  -  N  .oosnor}. 

Now,  fvlmtever  be  the  law  of  degradation  denoted  by  the  function  P,  it  is  clear  that  these  definite  integrals  must 
at  last  reduce  themselves  to  certain  constants  independent  of  ^,  which,  if  we  call  P  and  Q,  the  whole  takes  the 
simple  form 

P .  cos n  t  -^  Q.sm nt, 

which  is  a  periodic  fiinction  having  the  same  period  as  the  primary  vibrations.* 
329.  In  the  limiting  case,  when  the  elasticity  of  the  body  on  which  the  forced  vibrations  are  impressed  Is  perfect, 

Ctse  of  per-  and  resistance,  friction,  and  every  other  cause  of  loss  of  motion  is  prevented,  F  represents  a  constant,  and  is 
iBct  elMti-     equal  to  unity.     In  this  case  both  the  constants  P  and  Q  in  the  above  expressions  vanish,  and  the  whole  motion 

city  of  tbt  -  — — — 

tody,  *  This  dcnonfllntion  being'  general,  we  may  here  observe,  that,  on  Ihe  unduUtory  theory  of  light,  rays  of  one  refrangibiliw  can  Dever 

excite  by  any  combination  of  their  own  vibrations  with  those  of  the  bodies  they  may  traverse  or  impinge  on,  any  resultant  rays  of  a  diflemd 
TcfraDgibility,  at  least  so  long  as  the  exciting  light  contiDMS  in  action     When  it  has  ceased,  the  case  may  be  otherwise. 
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Sdnaa.      of  the  body,  aflet  a  gr^^at  numbci  of  vibrations  have  elapsed,  w  zero.     In  this  case  then»  the  clastic  body  is 
^  y  "^^  completely  incapiible  of  vibrating  in  sympathy  with  any  other  not  baving"  a  common  mode.     In  all  otliers,  P 
and  Q  have  finite  valyes,  which  will  be  greater,  or  less,  according-  to  the  circumstances  of  the  case. 

Thus  we  sec  that  imperfect  elasticity,  or  other  equivalent  causes  of  the  grndual  loss  and  dissipation  of  the 
impressed  impulses*  is  the  essential  condition  on  which  forced  vibrations  in  ^neral  depend,  and  that  in 
proportion  as  a  disc  or  membrane  is  devoid  of  tension  it  should  be  more  readily  susceptible  of  sach  vibratloDS ; 
precisely  what  M,  Savart  has  shown  to  be  really  the  case  in  fact 

It  may  be  objected  to  what  is  said  in  Art  32 1^  lliat  it  would  follow  from  tliat  reasoning'  that  the  Sound  of  a 
vibratiuip  disc  should  be  inaudible  whenever  the  ear  is  situated  in  a  plane  passing  through  one  of  Its  nodal 
diameters,  and  at  right  angles  to  the  disc.  But,  in  the  first  place,  what  is  there  said  applies  only  to  such  motions  of 
the  aerial  particles  as  are  performed  in  those  planes.  But*  in  fact  a  lateral  motion,  or  one  parallel  to  the  disc's 
surface,  must  also  eiist,  by  reason  of  the  alternate  tilting  up  and  down  of  adjacent  ventral  segments,  which 
must  give  the  whole  body  of  air  terminated  by  them  a  small  reciprocating  rotatory  motion  about  the  nodal  line 
aeparating  them  as  an  axis.  Thus,  though  the  transverse  vibrations  are  here  destroyed,  the  sensation  of  Sound 
may  still  be  excited  hy  tangential  ones.  And,  secondly,  tUoitgli  alternate  raolion  were  altogether  destroyed, 
condensations  and  rarefactions  still  subsist. 

But,  in  fact,  there  is  observed  aditference  in  the  intensity  of  Sound  emanating  from  vibrating  bodies  in  certain 
cases,  according  to  their  angular  position  with  respect  to  the  line  Joining  them  and  the  ear.  We  have  already 
(Art.  117.)  described  Dr.  Young^s  remarkable  experiment  of  the  tuning-fork.  It  is  precisely  a  case  in  point 
and  a  circnmstantial  explanation  of  it  will  be  at  once  interesting  for  its  own  sake,  and  illustrative  of  tlie  general 
argument.  Let  then  A,  B»  fig.  171,  be  sections  of  the  two  branches  of  the  fork  in  its  state  of  rest,  and  since 
when  set  in  vibration  they  alternately  approach  to  and  recede  from  each  other,  let  us  consider  them  first  in  their 
state  of  approach,  as  at  a  b*  In  this  state  they  compress  the  air  between  fheni,  and  squeeze  it  out  laterally  in 
the  direction  of  the  arrows  ¥tQ*  while,  at  the  same  instant*  the  aerial  particles  adjacent  to  the  flat  outward  faces 
of  the  two  branches,  and  which  of  necessity  follow  their  motions,  are  urged  inwards  as  indicated  by  the  arrows 
R  S.  Thus  the  four  quadrants  of  the  initial  circular  wave  propagated  round  the  fork,  are  alternately  in  opposite 
states  of  motion,  the  molecules  at  PQ  receding  from  the  centre,  while  those  at  R,  S,  approach  to  it  and  wee 
versa y  when  the  branches  of  the  fork  having  c4osed  to  the  utmost  begin  to  open  again.  In  this  case  the  latera^ 
air  will  rush  in  to  fill  the  gap^  while  that  in  contact  \^  ith  the  broad  faces  will  be  forced  outwards^  If  then  we 
consider  any  intermediate  point  C»  about  45^  distant  from  Q  and  R.  this,  in  virtue  of  both  impulses,  will  acquire 
equal  tetidencies  in  opposite  directiouB,  and  will  rest,  or  at  least  will  acquire  only  a  small  tangential  motion,  in 
consequence  of  the  reciprocating  eddies  of  the  air  round  the  angles  of  the  branches.  That  these  motions  really 
do  take  place  as  here  pointed  out,  any  one  may  have  ocular  demonstration  hy  imitating  the  opening  and  shutting 
of  the  branches  with  his  hands  near  the  Hame  of  a  candle  burning  steaddy,  taking  care  not  to  make  pi/^  of  wind 
but  regular  removals  of  the  air  to  and  fro. 

One  of  the  most  curious  and  interesting  purposes  to  which  M.  Savart  has  applied  the  properties  of 
membranes,  is  to  explore  the  actual  state  of  the  air  in  difierent  parts  of  a  vibrating  mass  of  determinate  figure, 
as  to  motion  or  rest«  For  this  purpo^^e^  the  Sound  should  be  excited  and  maintained  by  a  constant  cause  at  a 
high  degree  of  intensity,  especially  if  ihe  mass  of  air  be  large,  as  in  a  chamber  or  gallery;  and  to  ffive  the 
membrane  the  greatest  possible  sensibility,  it  ought  to  be  stretched  so  as  to  be,  naturally,  in  unison  with  the  note 
sounded,  so  as  to  act  as  a  receiver  and  condenser  of  the  small  aerial  motions.  The  greatest  purity  and  intensity 
of  the  Sounds  to  be  employed  for  this  purpose,  may  be  obtained  by  a  harmonica  glass,  or  the  bell  of  a  clock, 
maintained  in  vibration  by  a  bow  ;  and  this  may  be  still  further  augmented  by  adapting  to  it  a  resonant  cavity, 
as,  for  instance,  a  large  cylindrical  vase  of  considerable  diameter,  closed  at  one'end,  and  of  such  dimensions  as 
separately  to  vibrate  the  same  note.  (See  Art.  338.)  The  tones  thus  produced,  especially  when  large  harmonica 
glasses  arc  used,  as  M.  Savart  remarks,  are  of  such  intensity,  that  no  ear  can  long  support  them,  and,  at  the 
same  time,  of  such  a  rich  and  mellow  quality,  that  all  other  musical  Sounds  appear  poor  and  harsh  in 
comparison*  In  order  yet  more  to  increase  the  sensibility  of  the  membrane,  the  frame  on  which  it  is  stretched 
should  be  fitted  over  the  orifice  of  a  similar  resonant  cavity,  For  convenience,  and  lest  the  tension  of  the 
membrane  should  vary  by  hygrometric  changes,  it  is  proper  to  have  means  of  varying  this  at  pleasure,  a  mode  of 
which  is  described  by  M.  Savart  in  tlie  Memoir  from  which  we  draw  our  information,  {AnnaUs  de  CAumc,  vol* 
xxiv.  p*  76.) 

Suppose  now  that,  being  provided  with  such  an  apparatus  ua  here  described,  we  shut  ourselves  up  in  an 
apartment  of  regular  figure,  and  free  from  furniture  or  projections  from  the  walls,  recesses,  &c*,  and  place  one 
of  our  resonant  cylinders  with  its  axis  horizontal,  and  tlie  vibrating  bell  or  glass  opposite  its  orifice.  In  tlie 
direction  of  its  axis  place  the  membrane  horizontally,  with  its  proper  frame  and  resonant  cylinder  below  it,  and 
strew  the  horizontal  surface  with  sand.  If  now,  first,  we  place  the  membrane  thus  armed  very  near  the  source 
of  the  Sound,  it  will  vibrate  with  great  force.  As  we  withdraw  it,  (keeping  it  still  in  the  line  of  the  axis  of  the 
first  resonant  cylinder,)  its  vibrations  will  diminish  gradually,  and  at  length  cease,  after  which  (still  continuing  to 
remove  it  along  this  line)  they  will  recommence  and  reach  a  maximum,  at  a  point  when  their  intensity  is  neariy 
equal  to  that  close  to  the  source  of  Sound.  Removing  the  membrane  yet  further,  a  new  point  of  inditference  is 
found,  and  so  on  till  we  reach  the  end  of  the  chamber.  If  we  walk  along  the  same  line,  keeping  the  ear  in  the 
plane  of  the  horizontal  axis  of  »jhe  resonant  cylinder,  we  shall  perceive  the  Sounds  to  be  much  louder  in  the 
places  where  the  vibrations  of  the  membrane  attain  their  maxima,  than  at  the  intermediate  points  where  they  are 
at  a  minimum.  At  these  latter,  a  very  curious  phenomenon  has  been  observed  by  M.  Savart,  When  the  auditor 
moves  his  head  away  from  such  a  point,  towards  the  rights  (always  supposmg  it  to  remain  in  the  line  of  the  axis 
above  mentioned,)  the  Sound  will  appear  to  come  from  the  ri^ht,  and  if  towards  the  left,  it  will  8«em  to  come 
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Souwi.     from  the  left/whether  the  original  source  of  Sound  be  to  the  one  or  the  other  side.    This  singalar  effect  shows  that 

^«^v^^  the  aerial  molecules  on  either  side  of  the  point  of  indifference,  are  in  opposite  states  of  motion  at  any  ^wcn, 

instant     In  making  this  experiment,  the  head  should  l>e  so  turned,  timt  the  axis  of  the  resonant  cylinder 

prolonged  shall  pass  through  both  ears.     Suppose,  for  instance,  the  Sounding  apparatus  to  be  to  the  observer's 

left,  and  Uiat  his  head  be  very  near  it.    The  Sound  will  appear  to  enter  at  his  left  ear.    As  he  rerooTes  further 

away,  so  as  to  pass  one  of  the  nodes,  it  will  seem  as  if  the  Sound  had  changed  sides,  and  now  came  from  the 

right.     When  another  node  is  passed,  it  will  appear  to  have  again  shifted  to  the  led,  and  so  on. 

385.         But,  if  we  quit  the  axis  of  the  cylinder,  and  carry  an  exploring  membrane,  such  as  already  described,  about 

Spiral  form  the  apartment,  noting  all  the  points  where  it  vibrates  most  forcibly,  allowing  ourselves,  as  it  were,  to  be  led 

of  tlie  nodal  from  spot  to  spot  by  its  indications,  we  shall  trace  out  in  the  air  of  the  room  a  curve  of  double  curvature  marking 

rvcUoffular  ^®  maxima  of  the  excursions  of  the  aerial  molecules.     If  the  experiment  be  made  in  a  gallery,  or  passage* 

chamberi  or  whose  lengtl'  is  its  principal  dimension,  this  curve  will  be  found  to  be  a  kind  of  spiral,  creeping  round  the  walls» 
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floor,  and  ceiling,  obliquely  to  the  axis  of  the  gallery,  thus  presenting  a  marked  analogy  to  the  difipoeition  of  the 
nodal  lines  in  a  long  rod  vibrating  tangentially,  (videAvL  313.) ;  which  are  also,  it  should  be  remarked,  imitated, 
with  modi6cations  more  or  less  complicated,  in  square  or  rectangular  rods. 

A  still  more  remarkable  effect  was  observed  by  M.  Savart,  in  thus  exploring  the  vibrations  of  the  air  in  an 
apartment  with  an  open  window.  The  spiral  disposition  of  the  vibrating  portions  was  found  to  bo  continued 
out  of  the  window  into  the  open  air,  the  lines  of  greatest  intensity  running  out  in  great  convolutions  which 


wimiow  into  ^^^'"^  ^^  grow  wider,  on  receding  from  the  window,  and  could  be  traced  to  a  great  distance  from  it 


The  vibrations  of  the  air  in  an  organ-pipe  were  explored  by  M.  Savart,  by  lowering  into  the  pipe,  placed 
vertically  with  its  upper  end  open,  a  thin  membrane  stretched  on  a  light  ring,  and  suspended  by  a  fine  silk 
thread,  and  strewed  with  sand.     Thus  ocular  demonstration  of  the  existence  of  its  subdivision  into  distinct 
ventral  segments  was  obtained,  the  sand  remaining  undisturbed  when  the  membrane  occupied  precisely  the 
-^^.  place  of  a  node.     By  this  means,  too,  the  influence  of  the  embouchure  on  the  places  of  the  nodes,  a  curious  and 

membrues  ^^^^^  point  in  the  theory  of  pipes,  which  we    have    not   before  alluded    to,  may  be    subjected  to   exact 
*  examination.     Thup,  for  instance,  when  the  column  of  air  in  the  pipe  vibrates  in  the  manner  described.  Art 
190,  flg.  19.  having  two  half  ventral  segments,  and  one  node  in  the  middle,  it  is  found  that  the  node  i%  only 
approximately  so  placed,  being  always,  in  fact,  nearer  to  the  embouchure  thau  to  the  open  end. 

It  is  well  known  that  if  we  sing  near  the  aperture  of  a  wide-mouthed  vessel,  some  one  note  (which  is  ia 
unison  with  the  air  in  the  vessel)  will  be  reinforced  and  augmented,  and  sometimes  to  a  g^eat  degree.  This  is 
what  is  meant  by  the  raonance  of  the  mass  of  air  contained  in  the  cavity  of  the  vessel,  or  as  it  may  be  termed, 
the  resonance  of  the  cavity.  This  has  been  known  from  the  earliest  times.  The  ancients  are  said  to  have 
placed  large  brass  jars  under  the  seats  of  their  immense  theatres  to  reinforce  (one  does  not  well  see  how)  the 
voices  of  the  actors.  Any  vessel  or  cavity  may  be  made  to  resound  by  placing  opposite  its  orifice  a  vibrating 
body,  having  a  surface  large  enough  to  cover  the  aperture,  or  at  least  to  set  a  considerable  portion  of  the  aerial 
stratum  adjacent  to  it  in  regular  oscillation,  and,  at  the  same  time,  pitched  in  unison  with  the  note  which  the 
cavity  would  of  itself  yield.  The  experiment  of  the  disked  tuning-fork,  in  Art.  204,  is  a  case  exactly  in  point 
The  pipe  which  resounds  in  that  experiment,  may  be  pitched  precisely  in  unison  with  it  by  its  stopper,  and  in 
proportion  as  it  departs  from  a  perfect  unison  the  resonance  is  feebler.  A  series  of  disked  tuning-forks,  or 
vibrating  steel  springs,  thus  placed  over  the  orifices  of  pipes  carefully  tuned,  constitutes  a  very  pretty  musical  instru- 
ment capable  of  a  fine  swell  and  fall  according  as  the  discs  are  brought  nearer  to,  or  further  from,  the  orifices 
of  the  pipes,  or  inclined  to  their  axes,  and  of  remarkable  purity  and  sweetness  of  tone.  A  similar  adaptation  of 
resonant  cavities  to  a  series  of  harmonica  glasses  fixed  on  a  common  revolving  axis,  has  been  recommended  by 
M.  Savart  as  the  principle  of  a  musical  instrument  whose  effect  should  it  be  found  to  answer  the  expectations  his 
description  of  the  tones  thus  drawn  forth  is  calculated  to  excite,  would  probably  surpass  that  of  all  others  yet 
invented.  See  Art  333.  The  cavities  best  adapted  to  this  purpose  are  short  cylinders  of  large  diameters  with 
movable  bottoms  fitting  by  tight  friction  by  which  they  may  be  tuned. 

Such  cavities  may  be  reganled  as  short  organ-pipes.  When  the  diameter  of  a  pipe  is  greatly  increased  in 
Refonance  proportion  to  its  length,  so  that  it  becomes  a  6or,  the  law  of  the  proportionality  of  the  time  of  vibration  to  the 
and  fibra-    length  ceases  to  hold  good,  and  the  note  yielded  is  flatter  than  that  of  a  narrow  pipe  of  equal  length,  and  the 

tlOOS  of  ..^..^  «^  aU^  «.:^ai.  *U^    w^iw^^         ^k...    TLM    a«.r«»f    <Vkiin«1     «Ka*  n   /Mfltn^Aw  f\f  Al.    in#»liAa  in   lAnM>lk     anA  h  in   «lian%^»r. 
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more  so  the  wider  the  pipe.     Thus  M.  Savart  found  that  a  cylinder  of  4^  inches  in  length,  and  5  in  diameter, 


cavities.       resouuded  in  unison  with  a  narrow  pipe  6  inches  long,  making  1024  vibrations  per  second.     That  sagacious 
Resonance   experimenter  has  found,  that  cubical  boxes  ipeak  with  surprising  promptitude  and  facility,  and  yield  Sounds 
of  cobical    extremely  pure,  and  of  a  peculiar  quality,  on  which  account  and  by  reason  of  the  little  height  in  which  they  may 
**^**'         be  packed^  he  recommends  them  for  organ-pipes.     A  cube  of  53  or  54  lines  (=  4J*^-)  in  the  side  yields  the  same 
note  as  a  pipe  10  or  11  inches  long,  and  2  or  2^  inches  diameter.     They  may  be  excited  by  an  embouchure  at 
one  of  their  lower  edges,  precisely  similar  to  that  of  an  organ-pipe.     But  they  will  also  speak  if  the  embouchure 
be  situated  in  the  middle  of  the  side.     M.  Savart  has  also  examined  the  vibrations  of  a  great  variety  of  different- 
shaped  pipes,  boxes,  or  cavities,  for  which  see  AnnaUa  de  dUmie^  vol.  xxix.  p.  404. 

There  is  yet  another  remarkable  case  of  vibrations  communicated  between  the  different  members  of  a  system 
of  which  we  have  not  yet  spoken,  though  offering  a  good  example  of  the  verification  of  the  general  law  of 
equality  of  period  and  parallelism  of  direction  of  the  vibratory  motions  of  all  the  molecules  of  a  system  laid 
down  in  Art  302.  It  is  when  vibrations  are  communicated  through  a  liquid.  The  foUowing  expeiiments  of 
M.  Savart  will  show  the  mode  in  which  this  is  accomplished. 

He  took  a  cylindrical  tinned  iron  vessel  whose  bottom  was  placed  parallel  to  the  horizon,  and  having  cemented 

Experiment  to  its  centre  a  glass  rod,  so  as  to  hang  perpendicularly  down  from  it  he  covered  the  bottom  to  the  deptli  of 

•bout  an  inch  and  a  half  with  water,  on  which  was  floated  a  thin  disc  of  varnished  wood,  covered  on  its  upp<T 
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fmce  with  sand.    The  apparatus  thus  prepared,  he  impressed  on  the  glass  rod  a  longitudino-tangential  vibration,     Pvt  IIL 
^  (Art  296.)  which  of  course  became  normal  when  communicated  to  Uie  bottom  of  the  vessel,  and  observed  the  H^^^v^^i-/ 
sand  on  ^e  upper  fitce  of  the  disc  to  be  also  agritated  with  normal  motions,  and  to  assume  nodal  figures  ^o|p°in"°i 
according  to  the  laws  of  that  species  of  motion.     To  show  more  clearly  the  nature  of  the  communication,  he  ^^^^  ^i. 
threw  out  the  water,  and  supported  the  wooden  disc  by  a  small  solid  stem  perpendicular  to  its  surface,  and  the  brttioos. 
bottom  of  the  vessel,  aud  attached  to  the  centres  of  both,  when  it  was  found  that  Uie  disc  was  affected  precisely 
in  the  same  way  as  before. 

On  a  vessel  of  water,  whose  rim  is  maintained  in  a  state  of  normal  vibration  by  a  bow  drawn  perpendicularly       842. 
across  It  at  any  point,  let  a  thin  rectangular  lamina  of  wood  be  floated,  having  its  length  parallel  to  the  bow,  and  its  Communi 
extremity  opposite  to  the  point  of  the  circumference  excited.     Tlie  lamina  will  be  seen  (as  usual  by  sand  strewed  *^*****"  ^ 
on  its  upper  face)  to  execute  longitudino-tangential  vibrations,  aud  will  be  crossed  by  nodal  lines  at  right  angles  ^bn^oof. 
to  its  length.     But  if,  instead  of  directing  the  axis  or  longer  edges  of  the  lamina  |ierpeiidicularly  towards  the 
vibrating  point  of  the  side  of  the  vessel,  we  incline  it  obliquely  to  the  direction  of  the  vibrations,  still  the  sand 
on  its  upper  face  will  continue  to  glide  in  the  same  direction  as  before,  that  is,  parallel  to  tlie  vibrations  of  the 
side  of  the  vessel,  so  that,  if  the  floating  lamina  be  made  to  revolve  slowly  in  a  horizontal  plane,  the  direction  of 
the  creeping  motion  of  the  sand  on  its  surface  will  continually  vary  with  respect  to  the  position  of  its  edges,  though 
constant  with  regard  to  the  sides  of  the  vessel. 

Not  only  arc  the  vibrations  thus  faithfully  transferred  through  the  water  to  bodies  floating  on  its  surface,  but      843. 
even  to  such  as  arc  totally  immersed  in  it.     The  expcrimenlis  easily  made  by  suspending  in  such  a  vessel  as  Commuiii* 
above  described  under  the  water,  and  not  in  contact  with  the  sides  or  bottom,  a  disc  of  glass,  by  means  of  flne  fttioa  of  \ri. 
silk  threads,  and  strewing  sand  on  the  surface  of  the  water  which  sinks  and  spreads  evenly  on  the  disc.     This  ^u^^?^ 
will  be  observed  to  be  agitated  with  very  decided  normal,  or  tangential  motions,  according  as  the  former  or  latter  lirely  im- 
of  the  modes  of  excitement  used  in  the  experiments.  Arts.  341,  342,  is  employed;  and  to  arrange  itself  in  nodal  merecd. 
figures  accordingly. 

From  these  and  similar  experiments  it  appears  that  vibratory  motions  are  communicated  through  liquids       844. 
precisely  as  through  gases  aud   solids,  without  change  of  character  or  direction.     This  observes  M.  Savart,  How  we 
explains  how  the  nerves  of  hearing,  extended  throughout  the  convolutions  of  the  labyrinth  and  immersed  in  the  ^J^^^^^^  ^ 
liquid  which  fills  it,  transmit  to  the  sensorium,  not  only  the  general  impression  of  Souud,  but  of  the  direction  in  slmDiL  ^  * 
which  it  comes. 

These  remarkable  and  striking  results  a*l  tend  to  confirm  and  strengthen  the  analogy  between  Sound  and  Light.       845. 
The  luminiferous  ether,  like  air  and  liquids,  transmits  vibrations  without  altering  their  direction,  as  the  phenomena  Further 
of  polarized  light  demonstrate.     The  additional  weight  of  evidence  thus  thrown  into  the  scale  of  the  undulatory  j^l^logies 
theory  of  light  did  not  escape  the  penetrating  mind  of  Dr.  Young,  to  whom  that  theory  was  so  deeply  indebtedf.  Soun^tod 
Doubtless  the  analogy  thus  ascertained  would  not  have  remained  idle  in  his  hands,  had  not  death  snatched  him  too  Light, 
from  science  while  in  the  vigour  of  his  intellect,  and  when  so  mudi  might  have  yet  been  hoped  from  him.     It  has  OfUghttod 
been  our  unprecedentedly  unfortunate  lot,  while  composing  these  Essays  on  the  sister  sciences  of  Light  and  Sound,  ^uod, 
to  have  to  deplore  the  loss  of  nearly  all  the  great  modem  contributors  to  their  advancement.     A  Frauenhofer,  a 
Fresnel,  a  Wollaston,  and  a  Young,  names  forming  an  epoch  in  the  history  of  human  knowledge,  have  been 
snatched  away  in  quick  and  alarming  succession,  not  enfeebled  by  age  or  with  faculties  weakened  by  disease,  but 
all  in  the  meridian  of  their  intellectual  powers,  or  in  that  rich  maturity  when  practice  had  only  familiarized  them 
with  their  resources,  and  perfected  them  in  their  use.    To  Dr.  Young  the  theory  of  Sound  is  in  many  respects 
deeply  indebted,  and  it  richly  repaid  the  attention  he  devoted  to  it  by  furnishing  him  with  the  pregnant  idea  of 
his  principle  of  interferences ;  a  principle  which  has  proved  the  key  of  all  the  more  abstruse  and  puzzling  properties 
of  light,   and  whose  establishment  would  alone  have  sufficed  to  place  him  in  the  highest  rank  of  scientific 
immortality,  even  were  his  other  almost  innumerable  claims  to  such  distinction  disregarded. 

§  IIL    Cfihe  Voice. 

Almost  every  animal  has  a  voice  or  cry  peculiar  to  itself,  originating  in  an  apparatus  destined  for  that  purpose  3411.  . 
of  more  or  less  complexity.  The  voice  is  most  perfect  and  varied  in  man  and  in  birds,  which,  however,  diflbr 
extremely  m  the  degree  in  which  they  possess  this  important  gifi.  In  quadrupeds,  it  is  limited  to  a  few  uncouth 
screams,  bellowings,  and  other  noises,  perfectly  unmusical  in  their  character,  while  in  many  birds  it  assumes  the 
form  of  musical  notes  of  great  richness  and  power,  or  even  of  articulate  speech.  In  the  human  species  alone, 
and  that  only  in  some  rare  instances,  we  find  the  power  of  imitating  with  the  voice  every  imaginable  kind  of 
noise,  with  a  perfect  resemblance,  and  of  uttering  musical  tones  of  a  sweetness  and  delicacy  attainable  by  no 
instmmcnt.  But  in  all,  without  exception,  (unless,  perhaps,  the  chirp  of  the  grasshopper,  or  cricket,  be  one,) 
the  Sounds  of  the  voice  are  produced  by  a  wind  instrument^  by  the  column  of  air  contained  in  the  mouth,  throat, 
and  anterior  part  of  the  windpipe,  set  in  vibration  by  the  issue  of  a  stream  of  air  from  the  lungs  through  a 
membranous  slit  in  a  kind  of  valve  placed  in  the  throat.  In  man  and  in  quadrupeds,  this  orgfan  is  single,  but 
hi  birds,  as  M.  Savart  has  shown,  it  is  double ;  a  valve  of  the  kind  abovementioned  being  placed  at  the  opening  of 
each  of  the  two  great  branches  into  which  the  trachea  first  divides  itself  as  it  enters  the  lungs,  just  before  they 
unite  into  one  common  windpipe. 

The  organs  of  the  voice,  in  man,  consist  of 

1.  The  thorax,  which,  l^  the  aid  of  the  diaphragm  and  the  24  intercostal  muscles  acting  on  the  lungs  within,      84T.   * 
and  alternately  compressing  and  dilating  them,  performs  the  office  of  a  bellows  Tkt  Uioit& 
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Saund.         2*  The  trachea*  a  cartlbepinoua  and  elastic  pipe  which  terminates  in  tiie  lun^s  hy  an  infinity  of  ffooli^  m   ^A 
^-^/^*^  broiicbiie,  and  wbo.se  upper  extremity  is  formed  into  a  species  of  heod  called  the  larynx  Mtttftted  in  the  thiMI, 

348.      composed  of  five  elastic  cartilages^  of  which  the  uppermost  is  called  the  epiglottis,  whose  office  is  ta  open 
Th^  trachea  shut,  like  a  valve,  the  aperture  of  the  exterior  g^loltis,  &nd  which  constitutes  the  orifice  of  the  larynx 

*  ^    rj^^^  lipig^lottis,  where  it  adheres  to  the  larynx,  is  also  united  to  the  tongue,  and  forms  a  somewhat 

valve,  of  Q  parabolic  fornix  whose  base  is  towards  the  tong-ue*  aivd  which,  by  its  convexityt  resiiis  the  pretawe  of 
the  food  and  liquids  as  they  pass  over  it  in  the  act  of  swallowinn^» 

4.  Within  the  larynx,  rather  above  its  midclle,  between  tlie  thyroid  and  arytenoid  cartilages,  ore  two  elMlie 
ligaments  like  the  parchment  of  a  drum  slit  in  the  middle,  and  forming  an  aperture  making  wl  right  angle  vilk 
the  exterior  glottis,  and  which  is  called  the  interior,  or  true  glottis-  This  slit,  in  adults,  is  about  four-fifUia  oi  an 
inch  long,  and  a  twelflh  of  an  inch  broad.  This  aperture  is  provided  with  muscles  which  eniaj^e  and  cooAiafll 
it  at  pleasure,  and  otherwise  modify  the  form  of  the  larynx, 

5,  The  tongue,  the  cavity  of  the  fauces,  the  lips,  teeth,  and  palate,  with  its  vdum  pendulum^  and  the  ttvala,  a 
pendulous,  conical,  muscular  body,  which  performs  the  ofhce  of  a  valve  between  the  throat  and  nostrik,  aa  wtll 
asi  perhaps^  tlie  cavity  of  the  nostrils  themselves,  are  atl  concerned  in  modifying  the  impulse  g^iven  to  the 
as  it  issues  from  the  larynx,  and  producing  the  various    consonants  and  vowels,  accordiiig  to  the 
capacities  and  shapes  of  their  internal  cavity. 

In  speaking  or  Ringing,  the  glottis,  it  has  been  generally  supposed,  performs  ihe  part  of  a  reed<    The 
of  which  it  is  composed  heing  kept  at  a  greater  or  less  state  of  tension  by  the  muscles  with  which  it  is  provided,  lad 
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Glottii)  sap- 
posed  to  aci  its  opening  expanded  or  contracted  according  to  the  degree  of  gravity  or  acuteness  of  the  Sound  to  l>e  utlerrd. 
a»  a  reedi  But  the  tone  thus  originally  produced  by  the  glottis  is  sustained  and  reinforced  by  the  cabimii  of  air  in  tlie  I 
throat,  and  mouth,  whose  di!i>ensions  and  figure  are  susceptible  of  great  variation  by  the  action  of  the  innu 
muscles  which  give  motion  to  this  complicated  and  intricate  part  of  our  frame.  Thus  in  a  general  way  weait| 
conceive  how  the  voice  is  produced  and  modified;  but  when  we  would  penetrate  further  into  particulars,  ihft 
difficulties  presented  by  the  organs  of  the  voice  are  even  greater  than  those  which  beset  the  investigation  of  ibMe 
of  hearing. 

One  material  one  has  been  lately  much  elucidated  by  the  experimental  researches  of  M.  Savart.  Bow,  at 
may  nalurally  ask,  can  tones  of  such  gravity  as  we  hear  produced  by  the  human  voice,  be  exrited  in  so  short  a 
column  of  air  as  that  contained  in  the  throat  of  a  man  ?  The  vibrating  column  here  hardly  exceeds  a  few  iutkm 
in  length,  yet  the  notes  produced  by  a  bass  singer  are  those  which  would  reijuire  a  pipe  of  several  feet  in  Itofth 
sounded  in  the  osual  manner.  That  it  is  not  a  mere  relaxation  of  the  membrane  of  the  glottis  is  evident;  te 
dropping  of  ths  lower  jaw,  and  the  effort  made  in  every  possible  way  to  increase  the  dimensions  and  dii 
tension  of  the  throat  and  fauces  generalty,  in  siitging  the  lower  notes  of  the  scale,  sufficiently  prove  that  1 
of  the  glottis  is  reinforced  in  this  case,  as  in  that  of  acuter  Sounds,  by  the  resonance  of  the  cavity  in 
sounds. 

From  M,  Savart*s  experiments  it  appears  that  in  short  pipes,  and  cavities  whose  other  dimensions  betri 
considerable  ratio  to  their  length,  the  tone  yielded  is  rendered  much  graver  when  the  pipe  or  cavity  is  coustnielii  ' 
of  a  flexible  material  cai>able  of  being  agitated  and  set  in  vibration  by  the  air,  than  when  made  of  morefi||Ml 
materials.  He  constructed  a  cubic  box-pipe  with  paper  stretched  on  slight  square  frames  of  wood,  joined  togetbff 
at  the  edges,  and  made  it  speak  by  an  embouchure  at  the  edge.  Me  then  observed,  that  so  long  as  the  paper 
was  tightly  stretched  the  Soimd  yielded  by  the  cube  was  nearly  as  acute  as  it  would  have  been  bad  the  wbale 
been  rigid,  but  that  when  its  tension  was  diminished  by  exposing  it  to  moist  vapour,  or  even  by  wetting  it,  the 
Sound  descended  in  the  scale  by  an  interval  proportioned  to  the  degree  of  moisture  the  paper  had  imbibed.  Il 
was  thus  lowered  even  two  whole  octaves,  when  it  grew  so  feeble  as  to  be  no  longer  audible  ;  but,  repeating  tkc 
experiment  in  the  stiiJ  of  night,  it  could  yet  be  heard,  and  no  limit  indeed  then  seemed  set  to  the  descent  of  tbe 
Sound  ;  and  even  when  no  longer  audible  the  vibration  of  the  paper  sides  cotild  still  be  made  sensible  by  saad 
strewed  on  them,  which  arranged  itself  in  nodal  lines^  for  the  most  part  elliptic  or  circular. 

The  relaxation  then,  or  increase  of  tension  of  the  soft  parts  which  form  the  cavity  of  the  mouth  and  larynx,  h 

Tension  and  no  doubt  a  principal  cause  of  the  graduation  of  its  tones»     Whoever  will  sing  open-monthed   before  a  loob'ng- 

'f'?K*^'**"l    glass  will  not  fail  to  be  struck  with  the  extraordinary  contraction  of  the  uvula  (a  small  pendulous  substance  «hick 

*ld  mouth    ^^^^  ^^  ^^^^  down  from  the  roof  of  the  mouth)  which  takes  place  in  the  higher  notes.     It  shrinks  up  aliDOitinto 

a  point,  and  every  surrounding  part  seems  to  partake  its  tension. 

356.  We  have  observed  that  ihe   glottis  has  been   most  generally  regarded  as  performing  the  functions  of  a  im4 

SaTart's  ob- especially  since  the  free  reed  (ancke  lihre)  invented  by  Kratzenstein,  and  revived  by  Cirenid,  (probably  withttll 

jec^ionft        knowledge  of  Kratzenstein's  prior  invention;  vide  Willis,  Phil  Tram.  Camb,  vol,  iii.)  has  been   brouglii  iili 

ISd"l!r'^''    general  notice.     This  idea  is  strongly  advocated  among  others  by  Biot     But  M.  Savart  professies  bimseifdisiiiil' 

action  of  the  ^^^  with  such  an  explanation  of  its  use.     He  remarks,  and  seemingly  with  justice,  that  Uie  e&sential  priiictpkrf 

glottis.         a  reed,  the  periodical  opening  and  closing  of  the  orifice  throngh  which  the  stream  of  air  passes,  is  wanting  ia  tha 

glottis.     Were  the  glottis  a  reed,  the  edges  of  the  vocal  ligaments  which  form  the  slit  through  which  the  airpaiaca 

would  require  to  be  almost  in  contact,  and  should  be  alternately  forced  asunder  by  the  effort  of  the   aii;,  sad 

brought  together  by  their  tension.     But  on  the  contrary  he  found  that  the  larynx  of  the  dead  subject,  wheak^ 

in  its  natural  state,  and  gently  blown  into  through  the  trachea,  yielded  Sounds  approaching  to  those  of  the  loitt. 

although  the  opening  left  between  the  borders  of  the  glottis  was  as  much  as  one-sixth,  or  even  one-fourth  of  aa 

g^y^      inch  across j  and  more  than  half  an  inch  long* 

M.  Savart  s       ^^e  instrument  to  which  M.  Savart  attributes  the  greatest  analogy  to  the  larynx,  is  a  spedes  of  whiatle,  oniiHBOB 

•xaluiition  enough  as  a  children*s  toy  or  even  as  a  sportsman^s  call,  in  Ihe  form  of  a  hollow  cylinder  about  three^fboftht  flf 

flluufoice,  ^u  mch  in  diameter,  closed  at  both  ends  by  Hat,  circular  plates,  having  holes  in  their  centres.     The  form  ia  netftf 
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mia.     nrach  importance,  it  may  be  made  hemispherical,  &c.     Being  held  between  the  teeth  and  lips,  the  air  k  blown     Pvt  HI. 
^i^  through  it,  and  Sounds  are  produced  which  vary  in  pitch  wiUi  the  force  of  the  blast.     If  the  air  be  conducted  to  ^^^^^ 
it  through  a  porte  vent,  and  cautiously  graduated,  all  the  Sounds  within  the  compass  of  a  double  octave  may 
readily  be  obtained  from  it ;  and  if  great  precautions  are  taken  in  the  management  of  the  wind,  tones  even  yet 
/     graver  may  be  educed,  so  as  to  admit,  in  fact,  no  limit  in  this  direction.  ^ 

When  we  come  to  investigate  the  nature  of  articulate  Sounds,  and  of  speech,  the  difficulties  are  much  greater.      S57. 
Conrad  Amman,  in  his  work  on  the  Voice,  first  attempted  to  e&plain  the  manner  in  which  the  vowels  and  Ammto's 
consonants  are  formed.     With  regard  to  the  vowels, -he  regards  them  as  mere  modifications  of  the  eontinuea  ''°*  •■  ***• 
lone  produced  by  the  larynx,  depending  on  the  configurations  of  the  mouth.     Thus  to  pronounce  A  (the  broad  ^^^^ 
A  in  Ah !)  the  tongue  must  be  laid  flat  in  the  lower  jaw,  and  the  mouth  opened  wide,  and  lips  turned  outwards. 
Any  musical  or  continued  tone  produced  in  the  throat  will  then  have  the  character  of  the  vowel  A.    If  the  tongue 
be  gradually  elevated  so  as  to  bring  its  middle  nearer  the  palate,  and  at  the  same  time  thrust  forwards,  its 
extremity  approaching  the  upper  teeth,  the  Sound  will  deviate  from  the  broad  A  into  a  (hate,)  e  (peq).)     These 
Sounds  therefore  (the  a  in  bate,  and  the  e  in  peep)  he  calls  dental  vowels.     On  the  other  hand,  if,  the  tongue 
remaining  as  before,  the  lips  be  throst  out  and  drawn  together,  preserving  as  g^at  an  interior  cavity  of  the 
finiees  as  possible,  we  shall  have  the  Sounds  of  the  vowels  in  all,  hope,  poor,  wood.    These  he  calls  labial  vowels, 
&c.     Hiese  distincCions  are  to  a  certain  extent  correct  and  reasonable,  but  they  give  us  no  insight  into  the 
*   qfiestion,  JFhat  it  U  tpAtcA  con»tiMe»  the  essential  distinction  between  vowel  and  vowel,  and  on  what  part  of  the 
meohanisim  of  the  voice  do  vowel  Sounds  depend  ? 

In  1779,  Uie  Imperial  Academy  of  Petersburgh  proposed  as  one  of  their  prize  questions,  an  inquiry  into  the       858. 
nature  of  the  vowel  sounds  A  £  I O  U,  and  the  eonstnictio|!i  of  an  instrument  capable  of  artificially  imitating  ^'^^^f'f* 
them.    The  prize  was  awarded  to  M.  Kratzenstein,  whose  curious  Memoir  on  the  subject  the  reader  may  find  fj'^'*"'!|**^ 
te  the  XXIst  volume  of  the  Journal  de  Physique,  p.  358.   His  prhiciple  consisted  in  the  adaptation  of  a  reed  in  all  t^TOwdii^ 
essential  respects  similar  to  Greni^'s,  where  the  tongue  passes  to  and  fro  through  the  slit  without  contact,  to  a 
aet  of  pipes  of  peculiar  forms,  some  of  them  very  odd  ones,  and  for  whose  shapes  no  other  reason  could  be  given 
than  their  snccess  on  trial.     This,  however,  was  a  g^reat  step.     It  showed  the  vowel  quality  of  a  Sound  to  be 
■emething  distinct  from  mere  pitch,  and  susceptible  of  being  produced  at  pleasure  by  mechanical  artifice. 
Pursuing  this  idea,  Mr.  Willis  has  lately  entered  more  extensively  into  the  subject,  and,  m  a  Paper  recently 
printed  in  the  Illd  volume  of  the  Transactions  of  the  Cambridge  Philosophical  Society,  has  succeeded  in  educing 
all  the  vowel  Sounds  by  a  mere  combination  of  a  reed  on  Kratzenstein  s  construction  with  a  cylindrical  pipe  of 
variable  lengthy  and  investigating  the  laws  of  tiieir  production. 

This  may  be  the  place  to  remark  the  extreme  imperfection  of  onr  written  language  in  its  representation  of      8ft9* 
vowelfl  and  consonants.     We  have  six  letters  which  we  call  vowels,  each  of  which,  however,  represents  a  variety  of  I^M>*ite  ^^ 
Sounds  quite  distinct  fi^m  each  e^er,  and  while  each  encroaches  on  the  functions  of  the  rest^  a  great  many  very  ^"^^  '"'^ 
giaod  simple  vowels  are  represented  by  binary  or  even  ternary  combinations.     On  the  other  hand,  some  single  ^^*^ 
vowel  letters  represent  true  diphthongs,  (as  the  long  sound  of  t  in  alike,  and  that  of  win  rebuke,)  consisting  of  two 
dittiDct  simple  vowels  pronounced  in  rapid  succession,  while,  agun,  most  of  what  we  call  diphthongs  are  simple 
vowels,  as  bleak,  thief,  land,  &c.    This  will  render  an  enumeration  of  our  English  elementary  Sounds,  as  they 
really  exist  in  our  la^iguage,  no  matter  how  written,  not  irrelevant     We  have  therefore  assembled  in  the 
following  synoptic  table  sufficient  examples  of  each  to  render  evident  their  nature,  accompanied  with  occasional 
instances  of  the  corresponding  Sounds  in  other  languages.     The  syllables  which  contain  the  Sounds  intended  to 
k  kiatanoed  are  printed  in  italics  where  words  of  more  than  one  syllable  are  instanced. 

I    f  "Rook;  Julius;  Rude;  Poor;  Womb;  Wound;  Ouvrir,  (Pr.^  860. 

*  \'  Good  ;  Cushioii ;  Cuckoo ;  Rund,  (Germ.) ;  Gusto,  (Ital.)  STnoptio 

2.        Spurt;  AtseH;  Dirt;  Ftrtue;  Dove;  Double;  Blood.  S^!?.^- 

8.        Hole;  Toad.  ^^ 

^   r  *  All ;  Caught ;  Organ ;  Sought ;  Broth ;  Broad.  S0119& 

t  **  Hot ;  Comical ;  JTommen,  (Germ.) 
5.        Hard ;  Braten,  (Germ.) ;  CAarlatan,  (Fr.) 
6«        Langh;  Ttok. 

7.  .     Lamb;  Pan;  That 

8.  Hang;  Bang;  Twang. 

9.  Hare;  Hair;  Heir;  Were;  Pear;  Hi«r,  (Fr.);  Lehren,  (Germ.) 

10.  I^mie;  Tteme;  Crane;  Faint;  Layman;  M^me,  (Fr.);  StUdchen,  (Germ.) 

11.  Lemon;  Dead;  Said;  Any;  Every;  Friend;  Baser  (Germ.) ;  JSloigner,  (Fr.) 
18.        Lever;  Dtmtnish ;  Persevera;  Bdieve. 

18.        Peep;  Leave;  Believe;  Sieben,  (Germ.);  Co^tlle,  (Fr.) 
14.        s;  «ibflas ;  cipher ;  the  last  vowel  and  Che  first  consonant 

True  Diphthongs. 

1.  Life;  The  Sounds  No.  5  and  No.  Id,  slurred  as  rapidly  as  possible,  produce  our  English  t,  which       881. 

is  a  real  diphdiong.  Dipbthoogti 

2.  Brow ;  Plough ;  Lauku,  (Germ.)     The  vowel  Sound  No.  b  quickly  followed  by  No.  1, 
8.  Oil;  KUuen,  (Germ.)  ;  No.  4  succeeded  by  No.  13. 

4.  Rebuke;  Yew;  You;  No.  13  succeeded  by  No.  1. 

5.  Yoke  ;  No.  13  succeeded  by  No.  3. 

6.  Foung ;  Yearn ;  Hear ;  Here ;  No.  13  succeeded  by  No.  2  more  or  less  rapidly. 
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Compauad* 

367. 

Remark  on 
un  universal 
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36S. 

Diiicullics 
of  imitating 
fpeerli  bf 
lueclianism/ 

369. 
Mr.  Willis's 
ex  peri  men  Is 
on  the 
rowel 
Sounds, 
Fig.  172. 
Bepetition 
of  Kffm  pe- 
koes expe- 
riments. 
Fig.  173. 

370. 
Mr.  Wiltis'a 
research  ea 
on  reed  pipes 
oOftrinble 
length. 
Fig.  174. 

Vowel 
Sounds  ap- 
pear in  re- 
^ulftT  suc- 
cession and 
in  cycles. 

371. 

Law  of  the 
lenglhi  of 
Toweltound 
ing  pipes. 


372. 

Limits  be- 
yond which 
certain 
vowels  be- 
come im^ 
|iossible. 


373. 

374. 

Fable  of 
lengths  of 
Towel  pipei. 


The  consonants  present  eqtml  confusion.  They  may  be  generally  arranged  in  three  classes:  sbaqi  Sounds^ 
flat  ones,  and  indifferent  or  neutral.  The  former  two  having  a  constant  relationship  or  parallelism  to  eaeb 
ollier«  tfius  : 

Skarp  Consonants  S.  xeU,  celt ;  tr.  (as  we  will  here  denote  it)  shame^  mre^  ichirm,  (Germ.)  ;  ^.  thing;  F 
fright,  enough,  phatttojn  ;  K  king^  coin,  quiver;  T.  talk;  P.  papa. 

Flat  Consonants.  Z.  zeniik ;  cmanrni ;  f.  plean<r<f,  jffrdin,  (French);  Q.  the /A  in  the  words  the,  IhaK 
thou^;  V.  vile;  G.  good;  D.  dujce ;  B.  hahe. 

Neutral  Consonants,     h.  lift/ ;  M.  mamma;  N.  Nanny;  »'.  hang;  to  which  we  may  add  the  nasal  N 
gnuy  /Etna,  Dnieper,  which,  however,  is  not  properly  an  English  Sound.     R.  rattle  ;  H.  hard* 

Compound  Consonants,      C,  or  T^.  churchy  cicerone,  (Ilal)  and  it**  corresponding^  flat  sound  J,  or  D  f .  ji 
gemler ;  X.  crlreme,  Xerxes  ;  f ,  erasperate,  exalte  Xerxes ;  &c,  &c. 

We  have  here  a  scale  of  13  simple  vowels  and  21  simple  consonants^  33  in  all,  which  are  the  fewest  letten 
with  \vhich  it  is  possible  to  write  English.  But  on  the  other  hand»  with  the  addition  of  two  or  three  more 
vowels^  and  as  many  consonants,  making'  about  40  characters  in  all,  every  known  language  might  probably  be 
effectually  reduced  to  writing,  so  as  to  preserve  an  eiact  correspondence  between  the  writing  and  pronuuci&tiun; 
which  would  be  one  of  the  most  valuable  acquisitions  not  only  to  philologists  but  to  mankind,  facilitatiof  ibe 
intercourse  between  nations,  and  laying  the  foundation  of  the  first  step  towards  a  universal  languag'e,  one  of  tlie 
great  desiderata  at  which  mankind  onght  to  aim  by  common  consenL 

This  enumeration  will  serve  to  show  what  are  the  difbculties  which  any  one  must  contend  with  in  constmctiog, 
what  has  been  often  attempted,  a  ialkivg  engine.  Still  the  partial  success  obtained  by  Kratzensiein,  and  about 
the  same  time  by  Kempelen,  who  has  given  a  very  curious  account  of  his  experiments  in  Mecartismedt  taPar^ 
ought  to  encourage  further  trials. 

To  return,  however,  to  Mr.  Willis's  curious  and  novel  researches.  He  relates  that,  having  provided  ao 
apparsitus  consisling  of  a  wind-chest,  or  reservoir,  connecled  with  a  pair  of  double  bellows,  and  opening  into  a 
port'Vcnt,  having  a  free  reed,  on  Kratzenstcin's,  or  Greni^'s  construction,  at  its  termination,  his  first  object  waa  to 
verify  Kcmpelen's  account  of  the  vowels.  He  therefore  adapted  bis  reed  to  the  bottom  of  a  funnel* shaped  circuUr 
cavity,  open  at  top»  as  in  fig,  172,  which  represents  a  section  of  the  apparatus,  and  on  making*  the  reed  speak, 
and  placing  his  hand  in  various  positions  pointed  out  by  Kempelen  within  ihe  funnel,  he  obluined  the  vowels 
A  (No,  5.),  E(No.  10.),  I  (No.  13.),  O  (No.  3.),  U  (No.  1.)  very  distinctly,  On  using,  however,  a  shallow 
cavity  these  positions  became  unnecessary,  and  the  hand  might,  he  found,  be  replaced  by  a  flat  board  slided  OWf 
the  mouth  of  the  cavity;  and  bv  using  a  very  shallow  fun  nej,  as  represented  in  fig.  178,  he  succeeded  mobtaimni^ 
the  whole  series  in  the  order  U"(No.  l.)»  O  (No.  3/),  A  (No.  5.),  E  (No.  10.),  I  (No.  13.) 

Being  thus  led  away  from  Kempelen's  experiment,  he  proceeded  to  try  the  effect  of  adapting  to  the  reed 
cylindrical  lubes,  who^se  length  could  be  varied  at  pleasure  hy  sliding  joints.  This  was  easily  accompUjihed  by 
fixing  the  reed  with  its  port-vent  intn  the  end  of  a  pretty  long  horizontal  pipe  coming  off  from  the  wind*chei(, 
over  which  on  its  outside  a  tube,  open  at  both  ends,  was  made  to  slide  on  leather  wrapped  round  it  in  the  manner 
of  a  piston,  and  capable  of  being  lengthened,  by  the  attachment  of  pieces  of  similar  tube  of  its  owe  leaglli,  to 
any  extenL  He  thus  describes  the  results  so  obtained.  I^et  abed  represent  the  length  of  the  outer,  or 
soundin^^  pipe,  projecting  beyond  the  reed,  and  take  ah,  be,  c  d,  &c.  equal  to  the  length  of  a  stopped  pipe  ia 
unison  willi  the  reed  employed,  that  is  equal  to  half  the  length  of  the  sonorous  waveofthe  reed.  If,  now,  the  pipe 
be  drawn  out  gradutilly,  the  tone  of  Ihe  reed,  retaining  its  pitch,  first  puts  on  in  sticcesslou  the  vowel  quahUes 

1  E  A  O  U.  As  the  length  approaches  to  a  c  the  same  series  makes  its  appearance  in  an  inverted  order,  m 
represented  in  the  diagram,  tlien  on  passing  the  length  a  c  in  direct  order  again,  and  so  on  in  cycles,  each  cjdi» 
being  merely  a  repetition  of  the  foregoing,  but  the  vowels  becoming  less  and  less  distinct  in  each  successive  cj( 
and  the  distance  of  any  given  vowel  from  its  respective  central  points  a^  c,  &c.  being  the  same  in  all  the  cyd< 

If  another  reed  be  aflapted  to  the  same  pipes  having  a  different  fundamental  Sound  or  sonorous  wave, 
same  phenomena  will  be  produced,  only  that  the  central  points  of  the  new  cycles  will  now  be  at  a  distance  ft 
each  other  equal  to  the  sonorous  wave  of  the  new  reed,  but  the  distanct*  of  the  several  vowd  points  fr^m 
centres  of  the  resptctwe  cycles  will  be  the  same  as  before;  so  that,  generally,  if  the  reed  wave  ac  :=:  2  a,  and 
length  of  Ihe  pipe  wbich  first  produces  any  given  vowel,  from  a,  beeqttal  to  «,  the  same  vowel  will  be  coQ&tautJj 
reproduced  by  a  pipe  whose  length'^  2  n  a  ±  i>,  n  being  any  whole  number. 

When  the  pitch  of  the  reed  is  high,  so  t!jat  the  length  a  c  of  its  wave  is  less  than  twice  the  'distance  a  U  corre- 
sponding to  any  vowel,  aU  the  vowels  beyond  that  distance  become  impossible.     If,  for  instance  ac  be  Icsi  ibaa 

2  a  U»  but  greater  than  2  «  O,  the  series  will  never  extend  bo  far  as  U,  but  on  lengthening  the  pipe  indefiiiite)| 
the  succession  of  vowels  I  E  A  O  A  E  I  will  he  repeated.  If,  in  like  manner,  still  higher  notes  be  taken  for  ' 
reed,  more  vowels  will  be  cut  off.  This,  Mr.  Willis  remarks,  is  exactly  the  case  with  the  human  voice :  fei 
singers  being  unable  to  pronounce  IJ  and  O  on  the  higher  notes  of  their  voices.  For  example,  the  proper  leni, 
for  a  pipe  to  produce  O  is  that  which  corresponds  to  Ihe  note  C"  two  octaves  above  the  middle  C  of  a  piano-forte, 
and  beyond  this  note  in  singing  it  will  be  found  impossible  to  pronounce  a  distinct  O 

Cylinders  of  the  same  length,  or  more  generally  cavities  of  any  figure  rebounding  tne  same  note^  gi?e  the 
vowel  when  applied  to  one  and  the  same  reed. 

The  following  table  is  given  by  Mr.  WrlUs  as  expressing  the  distances  from  the  central  points  of  the<^ycle3 
which  the  several  vowels  are  produced  in  inch^. 
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omid* 
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Vowei  Sound 

according  to  iu 

place  in  the  Scale. 

Art.  360. 

Example. 

Length  of  Vowel 

Pipe  in  inches  and 

decimals. 

Piano-forte 
note  cor- 
responding. 

I 

No.  13. 

See 

0,38? 

G' 

£ 

11 

Pet  (?  Pay) 

0.6 

c 

A 

10 
6  or  7 

Pay  (?  Pet) 
Paa 

1.0 
1.8 

5 

Part 

2.2 

D»b 

A« 

4 

Paw 

3.05 

ly'k 

O 

4 

Nought 

3.8 

G" 

8 

No 

4.7 

EH 

U 

2 

1 

But 
Boot 

Indefinite. 

C" 

EVtllL 


Ou  this  Table  Mr.  Willis  observes  that  he  does  not  despair  of  its  completion  and  extension  by  future  experiments, 
eventually  furnishings  Philologists  with  a  correct  measure  for  the  shades  of  difference  in  the  pronunciation  of  the 
vowels  by  different  nations.  One  source  of  fallacious  decision,  however,  it  must  be  remarked,  will  subsist  in  its 
application,  in  the  effect  of  contrast,  on  which  much  of  the  difference  between  vowels  depends.  Its  influence 
indeed  may  be  traced  in  the  above  Table  itself.  Thus  Mr.  Willis,  assisted,  no  doubt,  by  the  contrast  arising  from 
rapid  and  frequent  transition,  has  been  able ,  to  discriminate  between  the  vowel  Sounds  yielded  by  pipes  of  the 
lengths  3*05  and  3*8,  though  the  Sounds  in  the  exemplifying  words  Paw  and  Nought,  which  he  has  chosen,  are 
80  closely  allied  that  we  confess  our  own  inability  to  detect  any  shade  of  difference,  for  which  reason  we  have 
desigpnated  them  by  the  same  number.* 

Mr.  Willis  terminates  this  highly  interesting  Paper  with  some  curious  experiments  and  remarks  on  the  mutual 
influence  of  a  reed  and  a  pipe  with  which  it  is  connected,  as  also  of  the  port-vent,  which  conducts  the  air  to  it.  If 
a  reed  be  made  to  sound  in  a  pipe  of  variable  length  (/),  the  Sound  yielded  by  it  will  remain  constant  till  the 

length  (Q  (beginning  we  will  suppose  firom  o)  becomes  nearly  equal  to  -r-,  or  one  quarter  the  length  of  the  Sound 

4 

wave  of  the  reed ;  here  it  begins  to  flatten,  and  as  2  is  still  increased,  continues  to  do  so  till  the  length  somewhat 

exceeds  \  a,  when  it  suddenly  jumps  back  to  a  note  about  a  quarter  of  a  tone  sharper  than  the  original  Sound  of 

the  reed,  to  which  it,  however,  soon  again  descends,  and  continues  stationary  till  the  leng^th  /  becomes  nearly 

equal  to  2  a  -f  ^  a,  when  the  flattening  again  commences,  and  continues  tiU  I  exceeds  2  a  +  i  a*  and  so  on 

periodically,  but  less  decidedly.     The  total  amount  of  flattening  in  usually  a  whole  tone.      A  jerk   of  the 

bellows,  or  a  too  hasty  lengthening  of  the  pipe,  will  make  the  pitch  spring  back  much  sooner  than  it  would  do 

with  cautions  management,  nay,  with  proper  dexterity  it  may  be  made  to  yield,  just  about  the  point  of  junction,  a 

double  note,  composed  of  one  flatter  and  one  sharper  than  the  reed  would  yield  alone.    Mr.  Willis  seems  to  think 

that  in  this  case,  however,  the  two  Sounds  are  only  quickly  alternated  so  as  to  seem  to  go  on  at  once.   Examining 

the  reed  in  a  glass  pipe  with  a  magnifier,  he  found  its  excursions  diminished  when  the  note  was  flattened  or 

sharpened  ;  but  when  the  double  Sound  was  educed  they  were  no  longer  well  defined,  but  the  tongue  of  the  reed 

seemed  thrown   into   strange   convulsions.     This  recalls   the  experiment  of  Biot   and   Hamel  described  in 

Art  199.202. 

Bemg  thus  brought  back  to  the  subject  of  reeds  and  forced  vibrations,  we  must  not  omit  to  recommend  to  out 
reader's  attention  the  curious  and  elaborate  dissertation  of  MM.  Weber  and  Floss,  entitled  hegt^  oacillaHonit 
oriundec  si  duo  corpora  diversd  cderitaie  oitcUlantia  ita  conjungantur  ut  oseillare  non  possini  nisi  simul  et  syn» 
ckronicS  excmplo  illuairata  Tuborum  Linouatorum.  A  detailed  comparison  of  their  results  with  those  of 
Mr.  Willis,  which  the  necessity  of  bringing  this  Essay  to  a  close  forbids  us  to  enter  into,  would  be  very  interesting. 
MM.  Weber  and  Floss  agree  with  him  in  the  periodical  recurrence  of  the  note  of  the  reed  at  equal  intervals,  and  in 
its  flattening  up  to  a  certain  point,  &c. ;  while  in  other  points  there  is  diversity  of  result  enough  to  make  a  careful 
revision  of  the  whole  subject  well  worth  while;  though,  perhaps,  it  is  not  more  than  may  be  accounted  for  by  the 
difi^^rent  constructions  of  their  reeds ;  in  the  one  set  of  experiments  the  oscillations  of  the  tongue  of  the  reed 
having  been  executed  parallel,  in  the  other  at  right  angles  to  the  axis  of  the  cylinder.  It  is  somewhat  curious,  that 
they  seem  to  have  entirely  overlooked  the  vowel  quality  of  the  Sounds  educed,  perhi^s  from  not  having  employed 
sliding  tubes,  and  thus  missing  the  effect  of  contrast. 

We  had  proposed  to  have  devoted  a  section  to  M.  Savart's  recent  elegant  application  of  his  delicate  methods 
of  detecting  and  exploring  sonorous  vibrations  to  the  determination  of  the  law  of  elasticity  in  different  directions 
with  respect  to  the  axes  of  crystallized  bodies ;  but  it  would  lead  us  too  far,  and  we  must  be  content  to  refer  onr 
readers  to  the  XLIId  volume  of  the  Annates  de  Ckimie  for  information.  The  field  is  a  wide  one,  and  it  will,  we 
doubt  not,  be  long  before  it  is  fully  explored. 


375. 
Bemtrki.' 


876. 

Mr.  Willis's 
ex  peri- 
mentjt  on 
mutual  in- 
fluence of  a 
reed  and 
pipe. 


Prodoctiou 
of  a  double 
note. 


877. 

Weber  and 
FloM'tWork 
on  reed- 
pipes. 


S78. 

Savart  on 
elasticitv  of 
cryttaUized 
bodies. 


•  Let  the  reader  pronounce  slowly,  and  distinctly,  the  words  Paw,  Gnaw,  Naughty,  Nought,  for  his  own  satisfaction. 
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Sound.         Neither  shall  we  devote  a  separate  section  to  the  dcscripliou  and  explanation  of  acoustic  phenomena*  which    p^Q 
^^'^r^-^  occur  in  Nature.     Many  such,  indeed,  have  been  sufficiently  noticed  already.     In  Art.  23  we  have  explained  \^m^ 

379.  satisfactorily  the  origin  of  thunder,  and  we  shall  here  only  remark  that  the  subterraneous  thunder  which  accom- 
Sound  of  panics  earthquakes  may  (at  least  in  some  cases)  be  ascribed  to  a  p^eneral  cause  not  very  dissimilar,  the  successive 
eartbqua  ea.  |^rrival  at  the  ear  of  undulations  propagated  at  the  same  instant  from  nearer  and  remoter  points,  or  if  from  the 

same  points,  arriving  by  different  routes,  through  strata  of  different  elasticities. 

380.  The  concise  and  unblunted  propagation  of  Sound  through  water,  remarked  by  Messrs.  CoUadon  and  Sturm,  is 
curiously  exemplified  by  the  shock  of  an  earthquake  felt  and  heard  at  sea.  Hie  sensation  is  always  described  as 
that  of  striking  on  a  rock ;  the  Sound  as  that  of  grating  on  a  gravelly  bottom ;  none  of  the  hard,  rough  Sounds 
of  the  first  impulse  being  at  all  softened  or  rounded  by  the  distance. 

There  is,  however,  one  natural  phenomenon  so  very  surprising,  and  to  us,  we  confess,  so  utterly  iuexplicable, 

though  resting  on  the  authority  of  ear-witnesses  of  such  credit  that  it  is  impossible  to  disbelieve  the  facts,  that  we 

cannot  forbear  inserting  a  short  description  of  it,  with  which  we  shall  conclude. 

Deflcription       There  is  a  place  about  three  leagues  to  the  North  of  Tor,  in  the  neighbourhood  of  Mount  Sinai  in  Arabia 

of  the  place  Petrsea,  called  El  Nakous,  (Nakous  is  the  name  of  a  sonorous  metal  plate  used  in  the  Ghreek  convents  in  the  East 

called  Na-    instead  of  a  bell)  from  musical  Sounds  of  a  very  singular  and  surprising  character  heard  there.     It  has  been 

^^"•'  visited  by  very  few  Europeans,  two  of  whom,  however,  Mr.  Seetzen  and  Mr.  Gray  of  Oxford,  have  published  accounts 

of  it,  the  former  in  the  MoncUliche  Corregpondenz,  (Oct   1812;)    the  latter  in  Dr.   Brewster^s  Edinburgh 

PhUogophical  Journal,  where  also  Mr.  Seetzen's  account  of  it  will  be  found  translated,  which  is  as  follows: — 

'*  After  a  quarter  of  an  hour's  walking,  (from  Wody  £1  Nachel  ?)  we  reached  the  foot  of  a  majestic  rock  of  hard 
sandstone.  The  mountain  was  quite  bare«  and  composed  entirely  of  iL  I  found  inscribed  on  it  several  Greek 
and  Arabic  names,  and  also  some  Koptic  characters,  which  showed  that  the  place  had  bee»  visited  for  centuries. 
At  noon  we  reached  the  part  of  the  mountain  called  Nakous.  There,  at  the  foot  of  the  ridge»  we  beheld  an 
isolated  peaked  rock.  Upon  two  sides  this  mountain  presented  two  surfaces,  so  inclined,  that  the  white  and 
slightly  adhering  sand  which  covers  it  scarcely  supports  itself^  and  slides  down  with  the  smallest  motion,  or  when 
the  burning  rays  of  the  sun  complete  the  destruction  of  its  feeble  cohesion.  These  two  sandy  declivities  are  about 
150  feet  high.  They  unite  behind  the  insulated  rock^  and  forming  an  acute  angle>  they  are  covered  like  the 
adjacent  surfaces  with  steep  rocks,  which  are  mostly  composed  of  a  white  and  friable  freerstooe. 

*'  The  first  Sound  was  heard  an  hour  and  a  quarter  after  noon.  We  climbed  with  great  difficulty  as  &r  at  the 
sandy  declivity,  a  height  of  70  or  80  feet,  and  stopped  under  the  rocks  where  the  pilgrims  are  in  the  habit  of 
placing  themselves  to  listen.  In  climbing,  I  heard  the  Sound  from  beneath  my  knees,  and  this  made  Me  think 
that  the  sliding  of  the  sand  was  the  cause,  not  the  effect,  of  the  sonorous  motion.  At  three  o'clock  the  Sowid 
was  heard  louder,  and  it  lasted  six  minutes,  when,  having  ceased  for  ten  minutes,  it  began  again.  ^  It  appeared 
to  me  to  have  the  greatest  analogy  to  the  humming-top ;  it  rose  and  fell  like  the  Sound  of  the  MoVian  harp.  To 
ascerUin  the  truth  of  my  discovery,  I  climbed  with  the  utmost  diffiaulty  to  the-  higfaesi  rocka*  aad  I  slid  dowsai 
fast  as  I  could,  and  endeavoured,  with  the  help  of  my  hands  and  feet,  to  set  the  sand  in  motion.  This  produced 
an  effect  so  great,  and  the  sand  in  rolling  under  me  made  so  loud  a  noise,  that  the  earth  seemed  to  tremble,  and 
I  certainly  should  have  been  afraid,  had  I  been  ignorant  of  the  cause. 

**  But  how  can  the  motion  of  the  sand  pro^ce  so  striking  an  effect,  and  which  is,  I  believe,  produced  nowhere 
else  ?  Does  the  rolling  layer  of  sand  act  like  a  fMd)e-bow,  which,  on  being  rubbed  upon  a  plate  ef  glass*  rahns 
and  distributes  into  determinate  figures  the  dust  with  which  the  plate  is  covered  ?  Does  the  adherent  and  fixed 
layer  of  sand  perform  the  part  of  the  plate  of  glass,  and  the  neighbouring  rocks  that  of  the  sounding  body? 
Philosophers  must  decide  this.'' 

We  give  here  M.  Seetzen's  account  in  pref^ence  to  Mr.  Gray's  as  being  the  eariiest,  and  in  hiaown  words, 
preserving  even  his  own  conjectures  (not  tlie  most  plausible)  on  its  cause,  and  we  shall  be  glad  if  the  visits 
of  future  travellers  to  the  spot  shall  throw  further  Hght  on  this  very  strange  phenomenon^ 

ShugK  Feb.  8,  1830.  J.  F.  W.  UERSCHBL. 
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The  Numbert  refer  to  ihe  ArtideM  aceording  to  tie  Murgimai  NmAer$ofihe  Text. 


Air.  The  medium  of  conveying  sounds,  2.  Rarefied  or  compreuedy 
f  diminution  or  increase  of  lound  in,  2.  Gives  out  heat  by  con- 
densation, itB  effect  on  velocity  of  sound,  69,  70.  bi  pipei,  vibra- 
tions of.  See  Pipe.  Fibrationt,  conununicates  vibrations  between 
solids,  and  how.  309,  310.  Maim  o/ their  vibrations  explored  by 
membraiiM,  31b.  lu  an  apartment  iu  vibrations  and  nodal  lines, 
334. 

Aieokol,  veUcity  of  sound  in  iU  vapour,  82.  Propagation  of  sound 
in,  88. 

AJpkabet,  EnglUh,  its  imperfections,  359.     Universal,  367. 

jtnalogy  between  »ouod  and  light,  137.     Sec  Light. 

Anokrom,  on  hearing  of  fishes,  90. 

Abaoo,  his  determination  of  the  velocity  of  sound,  13.  His  remark 
on  corresponding  observations  used  for  that  purpose,  10. 

Arbitrary  funotuttu  in  the  integrals  of  the  equations  of  sound,  57. 
Of  vibrating  strings,  151. 

Atmoapherc  tounduigf  iU  probable  extent,  3. 

Bat,  its  cry,  222. 

Baoxa,  his  determination  of  the  velocity  of  sound,  12,16. 

Beats,  236.      Of    imperfect   conconJs,  237.     Aendeeed  ocularly 

visible,  318. 
BsNZBNBSHa,  on  the  velocity  of  sound,  12,  16. 
Bbrmouilli,  his  theorems  respecting  chimney^pipes,  207. 
BsuDAMT,  his  experiments  on  the  propagation  of  sound  in  sea^wtter, 

93. 
BiANcoNi,  on  the  velocity  of  sound,  12, 16. 
Bioi^  his  axperiments  on  propagation  of  sound  through  long  pipes, 

23,  24.     In  steam,  88.     In  cast  iron,  113. 
Boards,  sounding  rdtiooale  of  their  effects,  288. 
BouvARD,  determination  of  the  velocity  of  sound  by  him  and  otber% 

13,  16. 
JSlodr-shaped  cavities.     See  Resonance. 
BoTLS,  his  determination  of  the  velocity  of  sound,  6. 
Bmiietf  singing  of  explained,  145. 

Caonard  db  la  Tour,  his  sirene,  143. 

CSnMon  used  for  signals,  9, 13.    Cases  of  double  sound  from  a  single 

shot,  38. 
Canton,  his  experiments  on  the  compressibility  of  water,  89. 
Carisbrook  well.    Remarkable  effect  of  the  propagation  of  sound  in 

it,  25. 
(ktrpets,  their  effect  in  deadening  sound  in  a  room,  lu9. 
Cassini  and  others*  determination  of  the  velocity  of  sound,  9. 
Cavities,     See  Resonance,  Cube,  Box 
CfiLADNi,    his   acoustic    researches,  passim.     His  experiments  on 

intensity  of  sound  in  gases,  82.  84.     On  propagation  of  sound  in  an 

effervescing  liquid,  107.     His  euphone,  283.     His  researches  on 

acoustic  figure'jt  and  vibrating  surfaces,  272,  &c. 
Chimney-pipes,  207. 
Ckords,  the  chief  musical,  225,  et  seq,  256,  25Z.  '  Expressed   in 

chromatic    numbers,  256.      Inversions  of  and  tables,  259,  260« 

Equivocal,  262. 
Chromatic  scale,  234.     Numbers,  256. 
Glrmbnt  and  Desormrs,  their  experiments  on  heat  given  Out  by 

condensed  air,  76. 
Close,  false,  228. 

GbMcft,  reverberation  of  sound  by,  38. 
Coexistence  of  different  modes  of  vibration  m  strings,  164.     In  pipes, 

183.     See  Superposition. 
Co&XADON  and  Sturm,  their  experiments  on  the  propagation  of  sound 

m  water,  94. 
Comma,  233. 
€>>mMmnication  of  vibrations,  general  law  of,  302.    Through  tiquids, 

340.     Read  also  %  II.  Part  III. 
Compressibility  of  uaterand  other  bodies,  103. 
Concords,  what.  209.     Principal,  enumerated,  210—215. 
CoHWturoe  of  sounds,  sounds  resulting  from,  .238 — 240. 
CcNDaMiNB,  La,  his  exferiraents  on  the  velocity  tif  sound,  1%  US. 
Condensation  of  air,  heat  given  out  by  increases  velocity  of  sound,  48, 


instruneot,  see  Tbobg. 


and  rarefaction,  alternate  of  air  in  a  pipe,  181.    None  aian  orificei 

189. 
Conditions  for  determining  ari>itrary  functions  in  the  equations  pf 

sound,  38.  Of  the  undivided  propagation  of  a  pulse,  129.     Of  conti* 

nuity  of  two   media,  132.     Of  equal  elasticity  at  their  junclio*. 

133.     Of  the  single  propagation  of  a  wave  along  a  coitL  151    ^^ 
Conductors  of  sound,  1 12,  113.  ^        - 

Consonants,  enumeration  of,  362.    Their  classification,  363— <365. 
Continuity  of  a  sound  produced  by  successive  impulses,  140 
Cord.     See  String. 

Corresponding  observations  for  determining  tlie  velocity  of  sound,  9. 
Crystallized  media,  propagation  of  a  pulse  through,  1 1 1,    Savart  on 

their  elasticities,  378. 
Cubes  of  air,  and  cubical  cavities,  their  vibrations,  339. 
Curve  of  a  vibrating  string,  159.     Its  prolongation  by  repetition,  159. 

Arising  from  superposed  vibrations,  165. 
Cy/ind^,  vibrations  of,  296.     Higher  modes  of,  301.     Nodal  Unoi 

in,  297.    In  interior  of  a  hollow  one,  300. 

Decay  ^  $omd,  $  VI.  p.  773.  Art  116,  H  seq.    Its  law,  121.    Of 

vibratory  motion  in  geom.  progression,  327. 
Dkrham,  Dr.,  his  determination  of  the  velocity  of  sound,  7,    His 

researches  on  sound,  id, 
DifORMuu  See  Clement. 
£>iapmsoi$    organ-pipe,  198.     i 

fork. 

Diatonie  scale,  221. 
Diesis,  enharmonic,  247. 

Diminutiom  of  sound  in  rarefied  air  or  on  high  nountaiiis,  3. 
Diphthongs,  English,  enumeration  of,  361. 
Drreetiosi  of  sound,  ho  .v  judged  of,  344.    Curious  case  of  mis-indff- 

mentoi;834.  ^     * 

JDue,  circular,  iu  vibrations,  and  nodes,  277.    Excited  to  vibmtion  by 

a  cord,  307.  ^ 

Discords,  musical,  what,  209.  216.     ReMluUon  of,  217.    Namee 

and  notes  of,  260,  261. 
Distance  at  which  sounds  have  been  heard,  22.    Deet^  ifsnmd  by. 

See  Decay. 
Divergence  of  sound  not  alike  in  all  disccdons,  117.    From  the  eed 

of  a  pipe,  116. 
Divers,  their  hearing  under  water,  90.  93. 
Dominant,  and  m6  domitumt,  chords  of,  227,  228.    Sevestth^  217 

230. 
Double  sound  from  a  single  source,  38.    Explained,  109.    Another 

case,  113.     Produced  by  one  pipe,  205.     By  a  reed-pipe,  376. 

Ear,  its  strueture,  320. 

Earthquakes,  sounds  heard  in,  379. 

BehOf  how  produced,  27.  BemstrhaUe  ones  instanced,  29,  et  sef. 
Situations  favourable  to,  36.  In  churches  and  public  buildings, 
37.  Laws  of  reflection  of  sound  in,  35.  95.  See  Reflexion. 
Partial,  at  fissures  of  a  solid,  110.  Prom  palisades,  144.  la  a 
chamber,  146.    . 

•Effervesemg  liquids,  propagation  of  sound  obstructed  by,  107. 

Eleventh,  chord  of,  264.     Its  inversions,  260. 

Embottehure  of  a  pipe,  184, 185.  193.  Rationale-of  iU  action,  194. 
Influence  of  on  pitch,  19Z.  Case  of  a  pipe  commanded  by,  204. 
See  Pipe. 

Enharmonic  scale  and  diesis,  247. 

f^MoraMi  of  somid,  55,  56.  Ofvibralingcbords,  150.  Of  the  pro- 
pagation of  sound  along  pipes  filled  with  different  media,  131. 

Equivocal  chords,  260,  262. 

EspiNoSA,  his  determination  of  the  velocity  of  sound,  12.  16.  20. 

EuuiNsimtM,  bis  perfennanoe  on  the  JeWs  harp,  292.    Note. 

Euphone,  a  musical  instrument  of  Chladni,  283. 

False  close,  228 

T%ph.    ^eelnlervei.     Ckord^ef  tripl€,^M,Wi 

Fishes,  their  hearing,  90. 
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Scund.      Flamstiid,  his  deterroinatioos  of  the  Telocity  of  sound,  6. 

J- _-i_^  F/«i/f  and  sharps  in  miisiCf  232. 

~    ^    ~     Ftoreuitne  Academy,  their  deiermination  of  the  velocity  of  sound,  6. 

Floss  and  Wbbbr  on  reed-pipes,  377. 

Flourbns,  his  experiments  on  nerves  of  the  ear,  320. 

Ftute,     See  Pipe. 

Fo(ff  its  effect  in  obstructing  sound,  21. 

Farced  vibrations,  323.     Depend  on  Imperfect  elasticity,  330. 

FbrA,  tunif{g.     See  Tuning-fork. 

Formula  for  velocity  of  sound,  65.  For  effect  of  temperature  and 
pressure,  68.  For  effect  of  developed  hear,  73.  Laplace's,  for  the 
velocity,  79.  Fur  time  of  vibration  of  a  string  harmonically  divided, 
162.    For  velocity  of  a  wave  in  a  string,  157. 

Franklin,  bis  experiment  on  hearing  under  water,  92. 

Fmdiontf  arbitrary,  in  vibrations  of  a  string,  151.     In  sound,  57. 

Ontetf  propagation  of  sound  in,  80.  82.     In  mixed,  108. 

Oat  Lussac's  determination  of  their  expansion,  113. 

Geneva^  Lake  of,  experiments  on  the  propagation  of  sound  in,  95. 

Oirgentt,  remarkable  echo  in  the  cathedral  of,  31. 

Qiauj  velocity  of  sound  in,  82.     Compressibility  of,  1 03. 

CUaitft  broken  bysoundf,  3. 171. 

Ohitit,  350.  Assimilated  to  a  reed,  352.  This  analogy  disputed  by 
Savart,  356. 

Olouceiter  cathedral,  echo  in,  29. 

GoLDiNGRAM,  hls  vcloclly  of  sound,  12. 16.  His  computations  de- 
fended, 20. 

OrauAopperf  piteh  of  its  cry,  224. 

Orbqory,  Dr.,  his  experiments  on  velocity  of  sound,  12.  16. 20. 

Grime,  his  reed,  202. 

Hallby,  his  determination  of  velocity  of  sound,  6.  His  account  of 
•  the  report  of  a  meteor  in  1719,  3. 

HarmomicM  of  a  string,  163. 166. 

Harmonica  Gfasset,  303.  333.     Otrman,  203. 

Barmon^f  (  IV.  Part  I.  Imperfect,  how  introduced  into  music,  232. 
Perfect,  its  origin,  209.     Remarks  on  the  origin  of  harmony,  271. 

Harp,  Jew's,  202. 

Hasssnfratz,  his  experiment'on  the  conveyance  of  sound  by  stone, 
113. 

Hauxsrkb's  experiment  on  sound  in  exhausted  receiver,  3. 

Hearing  of  fishes,  90.  Of  sounds  under  water,  90, 91,  92.  By  night 
more  delicate  than  by  dav,  and  why,  107.    Organs  of.    See  Et. 

Heat  given  out  by  condenfea  air,  69.  By  water,  100.  Its  influence 
on  the  velocity  of  sound,  70,  ei  teq.  Its  amount,  bow  best  deter- 
mined, 75,  76.     Developed  by  hydrogen  in  condensation,  83. 

Hbniiold  and  Rafn,  their  experiments  on  propagation  of  sound 
through  wires,  113. 

ifearackordSf  257. 

HuMnoLDT,  his  explanation  of  the  audibility  of  sounds 4>y  night,  107. 

HuYosN.H,  his  system  of  21  notes  in  the  octave,  249. 

Hjfdrqgenf  peculiarities  in  its  transmission  of  sound,  83.  Its  effect 
in  defttroving  sound  when  mixed  with  air,  85.  Explanation,  108. 
Its  singular  effects  on  the  voice  when  breathed,  86. 

lee,  sounds  well  conveyed  over,  21. 

Jmpu/ies  periodic.     See  Periodic  Impulses. 

InJlHenf.e,  mutual,  of  vibrating  bodies,  284.  Of  two  clocks,  organ- 
pipes  or  strings,  284.     Of  a  reed  and  pipe,  376,  377. 

Jntectij  their  hearing,  224. 

Iniensity  of  sound  on  high  mountains,  2.  Law  of  its  decay  by  dis- 
tance, 126.  In  gases,  84.  In  hydrogen,  83.  Is  as  the  vis  viva 
not  as  the  inertia,  126. 

Jmier/erenee  of  sonorous  vibrations,  85. 

Jniermptions  in  media,  their  effect  in  obstructing  sound,  105. 

JntervaU,  musical,  enumerated,  210^2*.'0.  On  what  depend,  219. 
Represented  by  logarithms,  245.  Their  values,  ibid.  Their 
sequence  in  the  diatonic  scale,  246.  Table  of  their  values  in 
various  systems  of  tempered  scales,  254. 

Invernon*  of  chords,  259,  260. 

lao-karmonic  scale,  241. 

Iroft,  cast,  velocity  of  sound  in,  1 14.    Biot'ti  experiments  on,  113. 

JtwU  harp,  202. 

Kkmpblen,  his  imitation  of  the  voice  and  the  vowel  sounds,  369. 

Keynote,  225. 

Kratzbnstbin,  his  free  reed,  202.     His  researches  on  articulate 

sounds,  357.     On  the  vowels,  368. 
KuYTENBRouwBR  Rud  othcTs,  their  determination  of  the  velocity  of 

sound,  13.  16. 


Lahyrwih  of  the  ear,  320. 

Lacaillb  and  others  on  the  velocity  of  sound,  6. 

Language,  written,  its  imperfections  as  at  present  existing,  359. 

Laplacb,  his  explanation  of  the  excess  of  velocity  of  sound  over 
NewU)n's  formula,  69.     His  own  formula,  79. 

Laryns,S48. 

Lbslib  on  the  propagation  of  sound  in  hydrogen,  85.  108. 

Light,  its  analogy  with  sound,  35.  38. 102. 105—110.  137.  145. 

Limiit  of  audibility,  223,  224.  320. 

Liquidt,  propagation  of  sound  through,  (  IV.  89,  et  t^.  Velocity  of 
sound  in  various,  103.  Communication  of  vibrations  through,  340, 
etteq. 

Loganthmt  used  to  measure  musical  intervals,  245. 

LooiBR,  Mr.,  his  system  of  harmony,  253. 

Longitudinal  vibrations  of  a  rod,  268.  Of  a  glass  stick  used  to  com- 
municate vibrations  to  solids,  283,  et  teq.  Its  sUte  ezamioed. 
286.289.  -I        »  »  ^ 

Lgcoperdon,  powder  of,  its  use  in  acoustic  experiments,  291. 

Malus,  an  experiment  of,  on  the  conduction  of  sound,  113. 

Maraldi,  his  experiments  on  the  velocity  of  sound,  9. 

Mathibu,  with  Bouvard,  Arago,  &c.,  determines  velocity  of  found,  13. 

Membrana  tympani  of  the  ear,  its  use,  319,  320. 

Membranes,  their  vibrations,  309,  et  teq.    Used  to  explore  vibrations 

of  the  air,  318.  333.     hnperfectig  etaatk,  their  vibrations,  321. 
Menai  bridge,  echo  under,  35. 

BIbrsbnnb,  his  determinations  of  the  velocity  of  sound,  6. 
Meteors,  sounds  produced  by  their  explosion,  3. 
Mixed  media,  propagation  o'f  sonnd  in,  85.  104,  et  teq. 
ModeM  of  vibration  of  a  cord,  463.     Of  an  aerial  column,  183* 
Modulation,  ^2:^, 
Moll,  Vanbeek  and  Kuytenbrouwer*a  <letermination  of  the  velocity  of 

sound,  13.     On  the  velocity  of  sound  in  gases,  82. 
Monochord,  167. 
Mont  Blanc,       1 

Monte  Rota,         >  feebleness  of  sound  observed  on,  3. 
Mountaint,  high,  J 

Musical  instrument5,  new,  proposed,  338. 
J/Mtico/ intervals.     See  lnter\al. 
Musical  toundt  under  water,  10).     Ingeneral^  Part  11.  §  U  ei  teq 

See  the  several  heads. 

NnAous,  extraordinary  acoustic  phenomena  of,  380. 

Nervet  of  the  ear,  their  ofllces,  320. 

Nbwton,  his  theory  of  sound  examined,  61. 

Ninth,  chord  of,  256.  265.     Ito  inversions,  260. 

Nodal  poinU  of  a  vibrating  string,  160.    Of  an  aerial  column,  182. 

How  established,  189. 
Nodal  lines,  their  origin,  290.     Of  tangentially  vibrating  surfaces, 

their  peculiar  character,   292,  233.    Spiral  form  of  in  vibrating 

cylinders,  298.  In  holbw  cylinders,  300.  Of  the  air  in  a  chamber, 

334,335. 
Nodal  figures  on  vibrating  surfaces,  274,  et  teq.    Secondary,  316. 
Nodai  turfacet  in  a  vibrating  solid  mass,  289.J 
Noise,  how  different  from  music^il  sound,  139. 
NoLLBT,  Abbv,  his  experiment  on  hearing  under  water,  91. 
Numbers,  chromatic,  256.     Diatonic,  ibid, 

OoiBR,  his  experiments  on  the  effect  of  hydrQgen  gas  on  the  voice,  86. 
Organ'pipet.    See  Pipe,  Diapason,  Vox  humana.  Embouchure,  &c. 

Palitadet,  echos  from,  produce  a  musical  sound,  144. 

Pentachords,  257.  260.     How  related  to  tetrachords,  263. 

Pbrolle,  his  experiments  on  intensity  of  sound  in  gases,  84. 

PcTfoc/ic  impulses.  How  executed,  142.  Produce  musical  sounds, 
141. 

Phenomena,  natural,  explained.— —Thunder,  23.*  Volcanic 
sounds,  24.  Sounds  in  Carisbrook  well,  16.  Stifling  of  sound 
by  hydrogen  gas,  108.  Resonant  soundN  at  Solfaterra,  110. 
Why  very  acute  i^ounds  are  at  length  inaudible,  223.  Increased 
audibility  of  sounds  by  night,  167. 

PiCAKD,  his  determination  of  the  velocity  of  sound,  6. 

Pipet,  their  effect  in  conveying  sounds  to  great  distances,  24.  Pyrth 
midal,  propagation  of  sound  in,  124.  Open,  vibrations  uf  air  in, 
184.  186.  187.  193.  Open  at  both  ends,  190.  Closed  at  both 
ends,  192.  Chimney,  207,  Harmonics  of,  193.  Proofe  that  i't 
is  the  air  enclosed  which  sounds,  196.  Influence  of  their  forms 
on  the  quality  of  their  sounds,  201.  Case  of  pipes  comnaaoded 
by  their  embouchure,  214.  Double  sound  yielded  by  one,  205. 
Fojt  humana,  206.  Vibrations  of  air  in  explored,  337.  R'iedy, 
199.  370,  et  seq.     Lengths  of,  which  yield  the  vowels,  374. 
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^^      /¥rMof  a  nraiical  sounds  141. 

^^  P/aie§,  rectangular^  their  ▼ibrations,  272,  273.    Circular,  triangular, 

'    and  eAiptical,.  277,'e/ fff^.     Set  in  vibratioa  by  communication 

with  a  string,  281.  ^  'Joint  yibration  as  a  system,  282.    Taogential 

/vibrations  of,  295. 
Poissow,  his  computation  of  the  velocity  of  sound,  78. 
Pot/,  ^pundiiig  of. a  fiddle,  281. 

Phony,  and  others,  determination  of  the  velocity  of  sound  by, 
,13.16. 

PmiBSTLiT,  his  experiments  on  intensity  of  sound  in  gases,  84. 
Propagation  of  sound,  gciierally,  mathematical  theory  of,  41.    In 

air  of  one  dimension,  50.  .  Of  a  single  initial  disturbance,  64. 

Linear  in  gases  and  vapours,  80,  et  »eq.    In  mixed. media.  So.  104, 

ei  Kq.     In  solids,  104,  et  seq.    Not  alike  in  all  directions,  117, 

118.     Of  waves  along  a  stretched  string,  151. 
Puit^s,  aerial,  49.      Propagation  of    in  ci'ystallized   media,  111. 

Condition  of  their  undivided  propagation,  128.    Division  of  by 

an  obstacle,  or  change  in  the  propagating  medium  or  mode  of 

propagation,  129. 

QmUiiy  of  tone  of  stringed  instruments  whence  arising,  174. 

Rapn.     See  Herhold. 

Rarefied  air,  feebleness  of  sound  in,  2. 

Receiver,  exhausted,  sounds  quite  inaudible  in,  2. 

Reede,  187.  199.    Forced  vibration  of,  how  performed,  199.     Free, 

of  Kratzenstein  and  Greni^,  202. 
Reed-pipes,  199.    Mutual  influence  of  reed  and  pipe,  376.    Willis's 

researches  of  sounds  of,  370. 376.     Weber  and  Floss  on,  377. 
Rejiexion  of  sound,  127.    Analogous  to  that  of  light,  35.     At  inter- 
nal surface  of  water,  95.     At  junction  of  two  media,  105.  127. 

Internal  total,  137.    Of  a  wave  along  a  cord  by  an  obstacle,  159. 

See  Echo. 
Re/raetiom  of  sound  oblique,  137. 

Resonance  of  cavities,  1 86.  338.     Of  box-shaped  cavities,  339. 
Remitani  sounds,  238,  et  seq. 
RoBisoN,  his  invention  of  an  instrument  analogous  to    the  sirene, 

143. 
Rocks,  conduction  of  sound  through,  113. 
Rods,  longitudinal  vibrations  of,  292.  296.     Spiral  form  of  nodal 

lines  in,  297.     Communication  of  their  vibrations  to  glasses,  &c. 

303.     From  one  to  another,  306. 
RosBucK,  his  observations  on  sound  in  compressed  air,  3. 
RoBMiR,  determination  of  the  velocity  of  sound  by,  6. 
Roiatonf  vibrations  of  a  cord,  176. 

Saint  AtbasiCs  church,  remarkable  echo  in,  29. 

Saxni  PauVs  church,  whispering  gallery  in,  32. 

Sand  used  io  render  nodal  lines  visible,  272.  To  dlstiuguish  nor- 
mal from  tangential  vibrations,  291. 

Saussurb,  his  observations  on  sounds  on  Mont  Blanc,  3. 

Savaht,  his  acoustic  discoveries,  passim.     See  the  several  beads. 

^co/r,  dbtonic,  220.  Chromatic,  234.  Isoharmonic,  241.  Of  mean 
temperament  242.  Table  of  notes  in  various  ones,  254.  Major 
and  minor,  256.    Of  21  sounds  in  tlie  octave,  249,  250. 

Secondartf  nodal  lines,  316. 

Seventh,  216,  217.  230.  Its  inversions,  260.  Examined,  265. 
Fiat,  its  origin  according  to  Logier,  253. 

Skarps  and  flats,  232. 

Shtplejf  church,  remarkable  echo  at,  30. 

Si/ence,  at  great  elevation,  2.     B/  nigh  I;,  effect  of,  107. 

Simonetta  palace,  remarkable  echo  in,  34. 

Sirene,  143. 

Sixth,    See  Intervals,  Concords. 

Smith,  Dr.,  bis  system  of  equal  harmony,  250.  Hit  scale  of  21 
sounds  in  the  octave,  250. 

Snow,  its  effect  in  stifling  sound,  21. 

Solfuterra,  the  hollow  sounds  heard  in  it  explained,  110. 

Solids,  propagation  of  sound  in,  104.  Effect  of  interrupted  struc- 
ture in,  105.  Ways  in  which  they  may  vibrate,  267.  In  what 
different  from  fluids  in  their  relations  to  sound,  111. 

Sound,  (see  the  general  heads,)  causes  which  obstruct  its  propa- 
gation, 21.  85. 105. 108,  109.  Analogy  of  with  light,  (see  Light.) 
345. 

Sounds,  inaudib/e  to  certain  ears,  222.  Very  acute,  their  feeble- 
ness, 223.  Resultant,  238,  239.  At  a  place  called  Nakous,  380. 
Greater  audibility  by  night  than  day,  107.     At  Solfaterra,  110. 

Sparrow,  pilch  of  its  chirp,  222. 

Speech,  organs  of,  357,  et  seq.  Imitations  of  by  mechanism,  357. 368. 

Spiral  form  of  nodal  lines  in  vibrating  cylinders,  297, 

Springs,  vibrations  of,  269. 

Slone  conducts  sound  well,  Exp.  1 13. 


Strings  tended,  th^lr  vibrations  iareatigatedy  149.    Propagation  of 

waves  along,  152.     How  it  passes. iuto  a  periodic  vibration,  155.  y 

Communicate  their  vibrations  to  solids,  281.  307.    Used  to  excite 

regular  vibrations  in  other  bodies^  307. 
Sturm.    See  CoUadon,  94. 
Subdivision  of  a  vibrating  string  into  harmonics,  160,  el  seq.    Of  a 

pipe,  182.    Of  a  vibrating  surface,  274,  e/ <ev.     Of  a  cylinario 

solid,  301. 
Sun^  time  required  to  transmit  force  from  to  earth  bv  iron  ban. 

115.  '  ,     * 

Superposition  of  vibrations,  164.     Of  modes  of  subdivision,  316. 

Of  sounds  from  a  pipe,  205,  376. 
Symputhif  of  vibrations  of  two  cords,  169,  170. 
System  of  mean  tones,  252.    Of  harmony,  (Logier's,)  253.    Of 

bodies  vibrating  in  communication,  282,  and  Part  III. 

Tables  of  different  assigned  velocities  of  sound  in  air,  16.  In  gasea 
and  vapours,  82.  Of  compressibility,  103.  Of  logarithms  of  the 
musical  intervals,  245.  Of  vowel  sounds,  360.  Of  lengths  of 
vowel-pipes,  374. 

Tangential  vibrations,  291.  Of  rods  and  rulers,  292.  Peculiar 
character  of  nodal  lines  produced  by  them,  292.  Of  broad  rectan- 
gular plates,  295. 

Temperament,  }  IV.  Origin  of,  235.  System  of  equal,  242.  Iti 
defects,  243.  Occasional,  244.  Adapted  for  piano-forte,  251 
Dr.  Young's  system,  251.    Vulgar,  252. 

Tension  of  a  membrane,  its  effect  on  the  nodal  lines,  315. 

Third,  major,  214.  Minor,  255.  See  Intervals.  Double,  chord  of. 
260,261. 

Thunder,  its  phenomena  explained,  38,  39. 

Timber,  good  conductor  of  sound,  112. 

Time  of  vibration  of  a  stretched  cord,  157. 

Transmission  of  force  through  bars,  115.  Of  sound,  see  Propaga- 
tion. 

Transverse  vibrations  of  a  rod,  269. 

Triads,  257.    Table  of  their  inversions,  260. 

Tuning. fork^  unequally  audible  in  different  directions,  117.     Ex- 

flained,  332.    Used  to  excite  vibrations  in  a  pipe,  186.     Disked. 
86.  205. 
Tuning  a  piano-forte^  practical  easy  rules  for,  251. 

Uvula,  351.  Its  tension  and  relaxation,  355. 
Undulations.  See  Pulses,  Vibmtions,  Waves. 
Unisons,  208. 

Vanbeek  and  others,  determination  of  velocity'of  sound  by,  13.  16. 

Fapour,  propagation  of  sound  in,  80,  82.  87.  At  their  maximum 
pressure,  88.    Aqueous  in  air,  its  effect  on  sound,  1U9. 

Velocity  of  sound,  4,  5,  et  seq.  Influence  of  wind  on,  5.  Various 
determinations  of,  6,  7. 9. 16.  Standard  velocity  at  freezing  tem- 
perature, and  mean  pressure  »  1089*42  feet.  Compared  with 
the  earth's  diurnal  motion,  19.  Same  for  all  sounds,  23.  Uni* 
form,  65.  Its  analytical  expressions,  65. 68.  Effiect  of  heat  deve- 
loped, 69.  Corrections  for  temperature,  &c.  68.  Numerical 
value  computed  from  theory,  78.  In  sea-water,  93.  In  fresh, 
95.  In  other  liquids,  103.  In  cast  iron  and  solids,  114.  In 
airs,  or  gases,  195. 

Velocity  of  waves  running  along  a  tended  oord,  152. 

Ventral  segmenU  of  a  string,  162.     Of  a  pipe,  182^189. 

Vibrations  of  a  bell  in  water,  101.  Of  a  tended  string,  148,  et  seq. 
Fixed,  of  a  cord  produced  by  reflexion  of  waves  at  its  ends,  155. 
Time  of,  157.  Frequency  of  estimated  by  a  monochord,  168. 
Out  of  a  plane,  see  Rotatory  vibrations.  Compound,  of  a  cord, 
177.  Of  a  definite  aerial  column,  178.  How  -produced  by 
reflexion  of  a  pulse,  179..  Of  bars,  rods,  and  plates,  (  V.  Part  lU 
Various  modes  of  in  solids,  267.  Longitudinal,  of  a  rod,  268. 
Transverse,  269.  Of  plates,  see  Plates.  Communication  of,. 
Part  III.  Methods  of  communicating  in  any  required  plane,  280. 
Of  a  fiddle-string  how  communicated  to  its  support,  281.  Of  the 
sounding-board  how  observed,  282.  Tangential,  291.  How  dis- 
tinguished, 291.  Of  long  rectangular  rods,  292.  Normal,  291. 
Oblique,  and  their  passage  iuto  normal  and  tangential,  308.  Of  a 
system  of  rods,  discs,  &c.  305,  306.  Of  membranes,  307,  et  seq. 
Of  masses  of  air,  318. 333.  Of  an  inelastic  membrane  how  pro- 
duced, 321.  Forced,  general  theorem  respecting,  323.  Of  air 
in  a  chamber,  or  gallery,  334.  In  pipes,  explored  by  a  membrane, 
337.  Their  communication  through  liquids,  340,  et  seq.  Of  air 
in  cavities  with  flexible  sides,  354. 

Violin,  Savart's  improvements  on  its  construction,  288.  Communi- 
cation of  vibration  of  strings  to  the  body,  281.  Sound-post  of, 
2ol. 
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.   _     _    J       Mode  of  Its  productiob,  352—^7. 
^^^^""^  FotenMoetf  noises  heard  in  their  eruptions  explained^  40. 

Fowfl'i  enumeration  of,  360.    Willis,  Kratzeafteio,  and  Kempelen's 

rosearchei  on,  369,  et  seq. 
Forkuwuma  organ-pipe,  206. 

HW/v,  conveyance  of  sounds  along,  26. 

Wai.kbr,  determination  of  velocity  of  sound  hy,  6. 

Waier^  sounds  well  conveyed  over,  21.  26.  Compressibility  of,  89. 
IV>pagation  of  sound  through,  ^  IV.  pattim.  Velocity  of  sound  in, 
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100.  Non-divergense  of  sound  from  straight  line  in,  102.  Sirsne 
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com,  45,    Their  Telocity  dutinguisbod  from  tliat  of  their  mole- 


cules, 46.    Their  breadth,  47,    Variom  species  of,  48.    Sonorous 

how  propagated  in,  49.    Along  a  cord,  149,  Ac  ^ 

WiKR,  his  researches  on  waves,  and  on  rced-pipcsy  171.  377,  et 

pmmm.    His  experiment  on  a  tuning4cfky  117. 
H>//,  Carisbrook,  echo  in,  25. 
WkiMperimg  Gallery.     See  Sl  Ptal's. 
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sounds  of  reed-pipes,  370. 
Wmdy  its  influence  on  the  propagation  of  sound,  9— 11. 
HlrCf  a  good  conductor  of  sound,  1 13. 
Woi.LASTO!!,  on  the  limits  of  hearing,  222, 320. 
Wowi^  a  good  conductor  of  sound,  1 12. 
H'bottwiock  Park,  echo  in,  28. 
Written,  characters  to  express  sounds,  359. 
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Art, 

Une. 

CifTOTm 

2, 

5, 

Hanksbee, 

Haukshee. 

2, 

15, 

Hanksbee, 

Hauksbce. 

104, 

«, 

free, 

quick  and  copious. 

117, 

10. 

axes, 

positions  of  the  axis. 

IM, 

11, 

*+a/  =  «. 

ar  +  a/>«. 

151, 

16, 

conditon, 

condition. 

178, 

4, 

volume. 

column. 

186, 

7,  and  margin, 

fig.  16, 

fig.  17. 

195, 

7, 

>*here, 

whose. 

209, 

10, 

timeii. 

terms. 

212, 

1, 

combinations, 

combination.  ' 

219, 

4, 

impulse. 

impulses. 

223, 

8, 

the  extent. 

the  number,  extent 

224, 

7, 

Sound 

sense  ? 

Nevertheless  spiders 

hear  the  sound  of  music.    Vid« 

tamed  one  in.  the  Bastille. 

235, 

10, 

more. 

most. 

236, 

17, 

vibrations. 

vibrations  of  the  quid 

238, 

3, 

figure 

figure  31. 

Vide  Latreille's  anecdote  of  Peliason,  who 
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Page, 

Une, 

JRfTor^ 

Corrtetion, 

416, 

19, 

«,Ay, 

a,  6,  c. 

434, 

5, 

organ. 

origin. 

434, 

9, 

maxima. 

nature. 

439, 

electric  attraction^ 

elective  attractions. 

452 

18, 

1200, 

1100. 

456; 

18  from  bolt 

on, 

or. 

457, 

6, 

two  canals. 

dele. 

473, 

33, 

regularly, 
mackled. 

irregularly. 

518, 

35, 

macled. 

518, 

11  frombott. 

(:r«  +  y»  +  aF;^ 

(*•  +  /  +  ««)•. 

518, 

3  frombott 

holes. 

poles. 

537, 

2  frombott. note, 

prelate. 

[irolate. 

541, 

12  frombott. 

644! 

4, 

second  plane, 

secant  plane. 

dele  what  is  said  about  camphor,  as  that  substance  Is 

.551. 

34  frombott 

solid  state  doea  possess  the  roUtoir  property. 

556, 

7  frombott 

rays. 

rings. 

557, 

6, 

rays. 

rings. 

559, 

17, 

a.cosOA>  + 

e.cosOA>+. 
onLSied. 

560, 
661, 

17, 
17, 

nndulatory, 

571, 
571, 

4,  col.  1,1 
7,coLl,/ 

extra. 

extreme. 

574, 

10, 

f^\ 

^1^ 

577, 

6, 

hyposulphate  of  line  and. 

dele. 
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